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Summary

Section 1 Summary P1-P2

Section 2

Historical introduction P1-P8

Technical introduction P9-P11

Heaters size selection chart vs power P12-P82

Section 3 List of references P1-P4

Standard liquids heaters P1-P26

Section 4

9SU107
Нeaters dia. 70mm, length 70mm
Max 1 x 3kW (20W/cm²) 1 x 1.5kW (10W/cm²) P3

9SU113
Heaters dia. 70mm, length 130mm
Max 1 x 3 kW (10W/cm²) 1 x 1.5 kW  (5W/cm²) P4

9SU231
Heaters dia. 76mm, length 313mm
Max 3 x 2.5 kW (10W/cm²) 3 x1.25 kW (5W/cm²) P5-P6

9SUB31 Heaters dia. 76mm, length 313mm, coiled tubular heaters
Max 3 x 3.2 kW (10W/cm²) 3 x 1.6 kW (5W/cm²) P7-P8

9SU331
Heaters dia 80mm, length 313mm
Max 3x2.5kW (10W/cm²) 1.25 kW (5W/cm²) P9-P10

9SUC31 Heaters dia. 80mm, length 313mm, coiled tubular heaters
Max 3 x 3.4 kW (10W/cm²) 3 x 1.7 kW (5W/cm²) P11-P12

9SU431 Heaters dia 88mm, length 313mm
Max 3 x 2.5kW (10W/cm²) 3 x1.25 kW (5W/cm²) P13-P14

9SUD31 Heaters dia. 88mm, length 313mm, coiled heaters.
Max 3 x 3.8 kW (10W/cm²) 3 x 1.9 kW (5W/cm²) P15-P16
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Section 4

9SU531
Heaters dia. 125mm, length 313mm. 
Max 3 x 3 kW (10W/cm²), 3 x 1.5 kW (5W/cm²). P17-P18

9SUE31 Heaters dia. 100mm, length 313mm, coiled heaters
Max 3 x 4.3 kW (10W/cm²) 3 x 2.15 kW (5W/cm²) P19-P20

9SU631 Heaters dia 125mm, length 313mm. 
Max 3 x 4 kW+3 x 2 kW (10W/cm²), 3 x 2 kW+3 x 1 kW (5W/cm²) P21-P22

9SU731 Heaters dia 125mm, length 313mm. 
Max 3 x 4 kW+3 x 2 kW (10W/cm²), 3 x 2 kW+3 x 1 kW (5W/cm²) P23-P24

9SU831 Heaters dia 140mm, length 313mm, with tubular heat 
exchanger. P25-P26

Options and accessories P1-P16

Section 5

Options of temperature control and temperature safety
Prewired disc thermostats

Prewired TCO
Manual reset bulb and capillary thermostats

P3-P6

Flow detection
Flow switches

Flow switches add-on kits
P7-P11

Hydraulic safety options
Manual and automatic air bleeders (air vents)

Relief valves
P12

Tanks options
Legs and hose clamps
Heating element wires

Foam insulation jackets
Coated foam insulation jackets

P13-P14

 : These products are not made by Ultimheat
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Historical introduction

Circulation and storage water heaters. 
In 62 AD, Seneca, in his book “Natural Questions” (quaestiones Naturales), Book III, describes the water circulation 
water heaters in Roma at this time as follows:
“We are in the habit of constructing serpentines, and cylinders, and vessels of several other designs in which thin 
copper pipes are laid in descending spiral coils. The object is to make the water meet the same fire over and over 
again, and flow through a space sufficient for heating it up; so, entering as cold it comes out hot.”

Bathroom heaters with tanks for accumulating warm water and having inlet pipes of cold water and hot water outlet were known and used in 
Italy at Roman time.

Above: Section of a hot bath of a Roman villa in Pompeii, using the principle thermosiphon with two reservoirs A and A ‘supplying water to the 
tub D by the tube d. (Voyage pittoresque ou Description des royaumes de Naples et de Sicile, par l’abbé de Saint-Non (1781), vol 2). 

The Roman architect Vitruvius in the first century AD describes similar circulating water heaters. Although translated 
and commented again by the Italian architect Palladio in 1556, in his work on Vitruvius, this system disappeared 
with the Roman civilization. It was not until 1777 that the French engineer Jean Simon Bonnemain reuses the 
thermosyphon and perfects it for the use of heating by means of circulating water in a boiler and pipes. It was first 
used to heat plants in the ”Jardin du Roi” in Paris, then to heat a large poultry hatchery near Nanterre with a precise 
temperature control. This concept for circulating the water in radiators, by means of the density difference between 
the hot and cold water still remained virtually unknown for nearly 40 years. The Marquis de Chabannes, French 
emigrant to England, copied the Bonnemain’s work, and improved this system in 1815 to heat apartments with what 
will later named the hot water central heating. Reimported in France in 1831, it became popular during the second 
half of the 19th century.

1777 Hatchery heating by boiler and thermosyphon , by Jean Simon Bonnemain (Ultimheat Museum document) 

1820: Bath tub heating was also one of the centers of interest of researchers at the time. M. Bizet, of Paris, invented a tub heated by 
thermosyphon (INPI Patent), very close to what the Romans were using. Coal, which was becoming more widely used in Paris, is used to heat the 
boiler. 
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Historical introduction
1896: Mr. Morineau in Paris, develops an instantaneous water heater with a coiled tube exchanger, gas fired, similar to 
models already on the market under the name “capillary tub heaters”, but for the first time it had an automatic valve 
detecting the passage of the water to turn on and turn off the burner.

1889, Daniel Smith, from St Louis (Missouri, USA), files a patent for an electric storage water heater, whose heating is provided by a platinum 
wire inside a glass bulb, under a protection dome. (US patent 411737). Although this patent remained unexploited, it can be considered as the 
ancestor of electrical water heaters.

Between 1890 and 1900, the development of electric power flourished inventions that tried to use it as a means of 
heating for water and houses. Hundreds of patent were filed in a few years, most of them in the US, which were the 
pioneers of domestic electrical power distribution. But in Europe this energy was then very expensive, and electrical 
distribution was patchy and limited to lighting needs. Wood, coal, gas and kerosene remained long time the only 
water heating means. The precursors in Europe between 1890 and 1892 were Crompton (England), Friedrich Wilhelm 
Schindler Jenny (Switzerland), and Henriot and Lebrasseur (France). Electrical water heating appliances were, at that 
time, limited to kettles

1891, The Swiss citizen Friedrich Wilhem Schindler-Jenny, resident in Kennelbach (Austria-Hungary), makes the first immersion heaters, for 
warming water tanks (Austro-Hungarian Patent No. 37527 and No. 13680 of August 22, 1891). These patents will be extended in Switzerland, 
Belgium, France, Italy, England and the USA.

1900. The first electric boiler seems to have been that of the Russian engineer Ougrimoff, which was presented at the Universal Exhibition. He 
called this device “Calorifacteur électrique”. It worked by creating an electric arc between two electrodes, and was particularly used to produce 
steam. In 1923, the Swiss company Oerlikon started to manufacture similar electric boilers, named electrode heating boilers, under the name 
Revel. This technical solution to produce steam and hot water is still manufactured by some companies , mainly for high power boilers. 

The mansions of the early 20th century generally produce hot water via a cast iron heat exchanger called “bouilleur” 
(boiler) located in the foyer of the stove. By thermosyphon, his boiler feeds a large water tank located higher, 
thermally insulated, ancestor of our storage water heaters and foreshadowing the current systems called REC 
(Renewable Energy). This system was common in almost all stoves manufacturers catalogues throughout the first half 
of the century. Similar exchangers were installed on central heating boilers with hot water production.

v 
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Historical introduction

1894 Bathroom with hot water supplied by a stove 
with “Bouilleur” ( Chappée Catalog, Ultimheat 

Museum) 

Heat exchanger “Bouilleur” mounted inside a stove (Catalog of Ets 
Demoulin, Farciennes, 1932, Ultimheat Museum) 

February 1905, the American citizen Eli Sager apply for a patent for an 
instantaneous electrical water heater

In 1913 Ets Grouvelle and Arquembourg in Paris 
developed the first storage gas water heater 

equipped with a temperature controller.  
“The Marseillais”

1915 While the rest of Europe is at war, Switzerland that produces cheap electricity by means of hydroelectric dams, 
sees the rise of the first electric storage water heaters, they are described by the magazine of Civil Engineering 
(22 May 1915)
“The use of electricity, as heat for cooking, tends to spread wherever the electricity can be produced fairly cheap 
... .M. Ringwald, director of power plants of Central Switzerland in Lucerne, has made to the General Assembly of 
the “Swiss Society for the use of waterfalls”, a very interesting conference on the use of electricity for cooking and 
heating ... The Company that manages the speaker serves several locations where are used a lot of electrical cooking 
appliances, so that it was possible, therefore, to make serious statements ... .. A device based on the principle the 
accumulation of the heat is the hot water tank, which is largely in favor of the public, particularly one with a capacity 
of 15-30 liters. The apparatus consists of a thick plate cylinder, surrounded by a heating resistor easy to replace; 
everything is wrapped in insulation.
The device is connected to a water line; at night, the water heats up, the power is expended 160 to 200 watts. An 
automatic switch reduces the power consumed to 50 or 70 watts, which is sufficient to compensate for losses, when 
the water has reached a temperature of 80 to 90 degrees. This unit can be connected to any pipe light.
As the unit works mostly at night, electricity is counted at a very low price (5 cents per kilowatt hour), it uses the same 
counter as the light, and it records only determined fraction of the energy used for heating water.
It was found that over 24 hours, these devices consume, for 16 to 18 hours, the maximum power ”
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Historical introduction

In 1917 thanks to the opportunities of the Swiss market described above, a Swiss engineer, Fritz Sauter, who 
developed in 1910 an automatic switch electric appliance system to use the night rate, invented an electric storage 
water heater named “Cumulus”, whose name has been later coined into French language for electrical storage water 
heaters. It started to be sold in France in 1922, when Sauter set up its French factory in Saint Louis. The tanks are then 
thermally insulated with cork granules.
In 1928, Sauter claimed to have sold more than 15000 of them worldwide. (Ultimheat Museum document). 

1922, the company Presto, Paris, develops a faucet mounted instantaneous water heater in which water is heated 
by its own conductivity, without heating wires. This technical solution, had the default is to be very sensitive to 
the quality of water, is still used to produce steam on machines to take off the wallpaper and similar equipment. 
(Ultimheat museum documents)
From 1925, electricity is increasingly available in homes, and as it becomes less expensive, storage water heaters and 
electric tub heaters proliferate. Manufacturers like Lemercier and Etelec-Electrocumul start their productions. Many 
others will follow.
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Historical introduction

1924. The electric instantaneous water heaters mounted on the faucet are expanding, The mark “Romor” manufactured by Moerch and Roumet 
in Paris , has some success with them. The company Tubulec will also manufacture them until the 1950s (Ultimheat Museum documents). 

1928, In the east of France, electricity companies set up special discounted electricity price during the night. 
Therefore, accumulation water heater producers will install there factories overwhelmingly in this part of France. 

1928 “Electro-cumul” electric water heater made since 1925 by 
Etelec, Etablissement électromécaniques de Strasbourg. The heater 
is single tube type, with ceramic barrel on which are coiled heating 
wires. Water is heated at 95°C. (Ultimheat Museum) 

1927 Coal-electric dual-energy water heating, Etelec, with 
tubular heat exchanger inside a storage tank. (Ultimheat 
Museum) 

1936. The sheathed tubular heaters, recently invented in 
the USA (Calrod-General Electric) and Sweden (Baker) arrive 
on the market; Als-thom uses them on its Electro-cumum 
storage water heaters. (Ultimheat Museum document). 

1932 Calrod sheathed tubular heaters (Ultimheat 
museum document) 

The reservoirs of hot water storage or circulation heaters are then made of copper for small volume or galvanized steel 
for large models. In these, leakages due to corrosion are common, especially at the welds, as the galvanic corrosion is 
not yet well mastered 
1935: Ones begins to consider heat pumps heating with hot water storage, produced at the night low cost electricity: 
“The principle of the heat pump, very seductive in itself, seems not about to be used routinely. It leads to expensive 
machinery, usually non-silent and of a delicate maintenance. It requests bulky bodies, such as the heat exchanger 
and the evaporator, and will allow the exclusive use of off-peak hours power with the hot water heater and with a 
prohibitive accumulator volume due to the low temperature of the water used. Its practical use in the current state of 
the art seems difficult” (Bulletin de la société industrielle de l’Est, July 1935)
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Historical introduction

October 10, 1939, Russell Games Slayter, Owens-Corning, the patent filed 
in 1934 for a process for the industrial manufacture of glass wool patent is 
published. (Patent US2175225 A). Gradually, after 1945 the storage water 
heaters manufacturers will replace cork by glass wool. (1943 Ad. of Owens 
Corning for the use of glass wool in home appliances, Ultimheat Museum)
May 15, 1941, Orrin E.Andrus, from the EO Smith water heaters Cy 
(Cleveland, USA), proposes a sacrificial zinc washer in enameled storage 
water heater to reduce galvanic corrosion.
Following a series of articles in “Transactions of the Electrochemical Society”, vol. 
90 (1946), pp. 499 to 503, and in Corrosion, Vol. 1, No. 2 (June 1945), pages 
67 and following, water heater manufacturers imagine the sacrificial anodes. 
In 1946, the sacrificial magnesium anode, in its present form, is described in 
the patent US2459123A, filed by the Cleveland heaters company (Cleveland, 
USA), published in January 1949. 
In France, in 1953, the company Lemercier frères, will be the first to use 
sacrificial magnesium anodes under the brand “Magnodium”.
1945-1950: Immersion heaters using sheathed tubular heaters elements 
have become common, under the brands Metallurgie du Nickel (Métanic) 
Rubanox, Tubalox, Spyrox, Baker, Calrod. Many French manufacturers equip 
their water heaters with them.

1946: the Company Ero (Sorgue, France) offers water heaters with 200°C 
enameled tanks in place of galvanized, cemented or metalized tanks. This 
enamel is a thermosetting resin, Bakelite type, whose elasticity resists to 
thermal expansion of the tank, and which, by electrically insulating walls, 
protects them from galvanic corrosion. (Ultimheat Museum)
1947: The Swiss company Rütschi invented the “Perfecta” wet rotor silent 
pump, which will become later the universal standard for central heating 
circulators.
Until then, the acceleration of the flow of water, which allows the use of 
small diameter pipes, was made by compressed air systems, or by the use of 
city mains water supply to ensure operation of pump or by noisy electrical 
pump units requiring the use of special “soundproof” gaskets, and therefore 
their use was limited to a small number of houses.

1952: Herbert Lindemann, engineer at the “Lonza electric and Chemical Works” of Gample, Switzerland, is developing 
a process for producing flexible thermoplastic foams with closed cells, containing PVC, and other components such as 
NBR. Because of their excellent temperature resistance, these foams will be widely used as thermal insulation in the 
air conditioning apparatus. (Swiss Patent 322 586 of 25 November 1952). 

1955-57: Electrical circulating pumps for central heating take flight, they are made by Emergy in Lyon, Julien and Mège in Lyon and Salmson 
in Paris and Laval (Using the Perfecta wet rotor License), and allow designers of hot water heating systems to overcome the constraints of the 
thermosyphon. (Ultimheat Museum Documents).

 1955 In France, the company “Forges de Gueugnon” installs a rolling mill for cold rolling the stainless steel produced 
by Uginox since 1950. Stainless steel, which until that date was only used in professional and industrial equipment will 
soon start to be used in heating household appliances. In 1958 it starts to be used in washing machines tanks. 
1960: One sees the first storage water heaters with “Uginox” stainless steel tanks. This excellent technical solution, 
avoiding most of the corrosion risks, however, will remain limited to high-end appliances. 
2000-2015. Improved automated welding techniques, improvement of manufacturing equipment, new raw materials 
and safety components allow the development of the 100% stainless steel heaters of this catalog.

(1943 Ad. of Owens Corning fior the use of glass 
whool in home appliances, Ultimheat Museum)
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Technical introduction
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Design rules of our heaters: 
Quality, efficiency, adaptability, durability. 

A liquid heater is not only an assembly of a tank and sheathed tubular heaters. To produce an effective, safe 
and reliable product, all components must be developed together for the application, and best technical 

~ solutions chosen. To achieve the best technical and economic results, we study and produce ourselves tanks, 
_g heaters, and most of the other components . .... 
·§: The original design and innovative construction of our heaters, the firsts that were developed specifically for 
~ the heat pumps and renewable energy markets, their technicality, their quality and durability levels have been 
~ awarded worldwide by leading manufacturers of heating appliances. 
"8 Ali raw mate rials, all the construction details, all assembly operations were designed to offer the best product 
E at the best cost. 
~ The reasons of our technical choices are detailed in this document. 
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From it, according to your specifications, and thanks to our experience, our design department will review the 
most suited product to your application, with the best price-quality ratio. 

Then, to validate your product, our laboratory with over 200 testing machines, can make all the tests we 
describe hereunder. 

The products in this catalog are designed to be incorporated in heating equipment and appliance, and are 
intended only to OEM, professional users, consultants and engineering departments, knowing and aware of 

the local technical and safety standards they have to comply with. 
The purpose ofthis technical introduction is to help engineering departments to make a reasonable choice 

among all the technical solutions that we propose . 
Note: This technical introduction is provided for general guidance only. Relevance and completeness of technical data and/ or 

information should be analyzed carefully by the manufacturer. lt is up to him to verify the suitability of our product in the final application 
forwhich it is installed. 

On request, we provide prototypes for this purpose. 
Examples and references displayed in this catalog are given for guidance, and many variations are possible for OEM applications . 
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Technical introduction

A 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

B 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

C 

C1 

C2 

C3 

C4 

C5 

D 

D1 

D2 
D3 

D4 

E 
E1 
E2 
E3 
E4 
ES 

E6 

E7 
F 

F1 
F2 
F3 
F4 
G 

G1 
G2 
G3 

Summary of technical introduction 
A- Heating element design ru les 

Sheathed tubular heater or steatite heaters inside tubular sheath 

Main metals used in sheathed tubular heaters. 

Sheathed tubular heaters bending radius limits 

Minimum possible bending diameter (mm), for bending al 180°, tube axis ta axis, without need ta repress (Average values). 

Watt density selection parameters. 

Liquide flom velocities 

Normal working conditions, with circulating flow. 

Surface temperature in abnormal working conditions, without liquid flow. 

Non-heating zone, also said cold zone. 

lnsulation resistance and leakage current. 

Tubular heaters moisture porosity. 

End seal solutions against water vapor porosity in tubular heaters. 

lnsulation resistance testing vs temperature on tubular heaters end seals only. (Made on 10mm 
OD tubes with dia. 4mm connection rad) 

Measurement of insulation resistance, leakage current. 

Note on insulation resistance measurements. 

Magnesium oxide thickness vs insulation value and watervapor recovery 

Effect of temperature on the insulation resistance of compacted magnesium oxide 

lnsulation distances of sheathed tubular heaters 

Pollution degrees 

B-Tank bodies design rules 

Reasons for use of 1.2mm stainless steel. 

Welding interstices 

Water hammer 

Pressure resistance upon Flange designs. 

Leaks testing. 

lnlet and outlet pipe sizing upon pressure drop and flow rate. 

Tanks and heaters installation positions and dead zones. 

Examples wrong designs or wrong installations. 

Examples of efficient designs and installations. 

C-Tanks water in lets and outlets 

Fitling thread use for main in let and outlet and for auxiliary circuits 

Hydraulic connection examples. 

Usual thread dimensions 

Threaded connection solutions. 

Water circuit in let and outlet main positions. 

D-Tubular heater mounting on tanks 
Heater mounting solutions on tanks 

Joining of heating elements on the circulation heater tank 

Maintaining the heating element tubes. 

Distance between heating elements and tank or tube metal walls. 

E-Thermowells (Pockets) and TCO installation 

Poeke! designs 

Comparison of raw mate rials that can be used in heater thermowells 

The 3 solutions ta close tube ends and related pressure resistance. 

Thermal response lime vs thermowell design, normal use. 

Thermal eut-out mounting solutions. 

Dry run condition, thermal eut out response lime vs thermowell distance with tubular heater, 
for 5W/cm 2 and 1 0W/cm 2 • 

Results of dry run tests made on heaters with and without thermal fuse. 

F-Surface mounting thermostats 

Surface mounting thermostat mounting solutions. 

Dise thermostat sealing solutions. 

Thermal response lime when liquid temperature is rising, upon thermostat surface mounting solutions 

Thermal response lime in dry run conditions upon thermostat surface mounting solution. 

G-Heater wall mountlng solutions. 

Slud or boit mountings 

Precise positioning solution for accessories brackets. 

Legs mountings 
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H 
H1 
H2 
H3 
H4 
H5 
H6 
H7 
H8 

H9 

H10 
H11 
H12 
H13 

H14 
H15 
H16 

l 
11 
12 
13 

J 
J1 
J2 

J3 
J4 
K 

K1 
K2 
L 

L1 
L2 
L3 

L4 
L5 

L6 
L7 
LB 

L9 
L 10 
L 11 
L12 
L13 

M 

M1 
M2 
M3 
M4 
M5 

M6 
M7 
M8 

M9 
M10 

H: Wiring rules. 

Terminal protection after end sealing 
Terminal temperature rise vs p「otection and power 

Heating element configurations upon the operating voltage. 

Main wiring diagrams 
Mounting possibilities of heating elements depending on the size of the tank and the supply voltage. 

General comparison of wires and cables. 

Insulation material tensile strength (Considered as an indicator of the sensitivity to accidental cut of insulation layer) 
Wire pull strength vs potting material and wire insulation material. 

Comparison of insulation thickness (average values in mm) 
Comparison of wires and cables used in products internal wiring 

Relative price comparison to H07-VK (1.5mm2 wires*) 
Zero halogen and flame retardant cable and wire insulation. 

Temperature rise of an electrical wire vs electrical intensity and ambient temperature. 

Earthing rules requested by standards. 

Earthinq terminals of heaters 
Cover for mechanical protection of wiring 

I-Control and safety devices 
Electronic temperature controllers, thermostats, temperatu「e limiters, thermal cut outs. 

Temperature sensors 

Flow switches 
J-Thermal insulation 

Thermal insulation Foam 
Comparison of main technical specs of both foams. 

Surface protection of thermal insulation foams 
Testing reports of insulation foam critical features in heater applications. 

K-Protection against scaling 
Anti-Scaling design rules. 

Scaling deposit vs temperature. 

L-Protection against corrosion 

Design rules against metal corrosion. 
lnte「granula「 corrosion.

Contamination by iron oxides during the process. 

Corrosion by Chlorine and Chlorides. 
Recommended stainless steel grades vs free chlorine and chloride percentage 

Design 「ules against galvanic corrosion, also called Bimetallic Corrosion 
Some special cases of bimetallic electrochemical couples uncluding stainless steel 

Electrochemical couples of various metals 

Corrosion under insulation 
Corrosion aggravating factors 

Summary of the rules implemented during the heaters manufacturing operations to prevent the occu盯ence of corrosion. 
Protection by sacrificial magnesium anodes 

Protection by imposed current electrode 

M-Formula and Technical charts 

Ohm's law 
Table of the power in watts of an electrical heater versus resistance and voltage across terminals. 

Single phase heating element wiring. 
Phase heating element connections. 

Calculation of the power needed to heat liquids 

Temperature甘se of water in °C per hour/volume/power.(Theoretical calculation, thermal losses not deducted) 
Comparison of temperature rise in °C/hour in some liquids and solids 

Specific heat (cp, in kJ/kg°C) and specific gravity (p, in Kg/m3) of main liquids 

Specific heat (cp, in kJ/kg°C) and specific gravity (p, in Kg/m3) of main solids 

Water flow for usual liquid heaters. 
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Technical introduction
A- Heating elements design rules 

A-1 Comparison of sheathed tubular heaters 
and ceramic heaters inside sheathing tubes 

ln water heaters, and especially in storage water heaters, two solutions exist primarily to heat water: sheathed tubular heaters and 
ceramic heating elements inside sheathing tubes. 
Sheathing tube is usually an enamel coated metal tube, but sometimes it is made of stainless steel. 
ln storage water heaters, the average surface watt density of the sheathing tubes with ceramic heaters is 5W/cm2 to meet the "Glass C, 
NFC Performance" standard, which requests less than 6W/cm 2 • So, this value of 5W/cm 2 will be used as a comparative value. Steatites 
resistors are available in many diameters like 32, 36, 47 or 52mm. But 52mm diameter is mostly used. 
For their incorporation inside liquid heaters, the primary requirement is dimension. 

Usual dimensions of ceramic heaters used inside sheathing tubes 

Power(W) Ceramic barrel diameter Length (mm) (mm) 

2000 52 320 
2500 52 350 
3000 52 450 
3600 52 500 

Advantages and disadvantages of the two solutions 

Drawing Type Avantage Disadvantage 

- Risk of corrosion requesting an 
anode protection (Enameled 

versions) 
- Limited to low watt density 

n• - Law cost when the tube (<5W/cm 2 ). 

and the flange are made in - Substantial footprint prohibiting 
enameled steel as the body the installation in small diameter or 

[Di Tube with dia. of the tank. (Storage water short length tanks. 
!Bi 52mm ceramic heaters) - Very big size three-phase 
~ barrel heater - No moisture absorption. versions. 

U1 
- Replaceable without need - Long response time due to poor 

to drain the tank. heat transfer between the heater 
and the tube wall. 

- High cost and very long response 
time with stainless steel sheath. 

- Small footprint 
- Numerous bending 

variants allowing 
adaptation to all heaters 

volumes 
-Fast response time, well 

r suited for circulating liquid 

1 
temperature contrai 

- Law cost when welded 
f ..,_ 

~·~ Sheathed directly onto the walls. 

1 
tubular heaters - Made of stainless steel or - Moisture recovery (If poor quality 

corrosion resistant alloys. manufacturing) 
1 - High watt densities are .... possible, depending on the 

~ application, up to 
20W/cm 2 . 

This is the solution chosen 
for the heaters of this 

catalog 
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A2-Main stainless steels used in liquid heaters. 

~ are many different possible sheath materials for tubular heaters used for heating liquids. Many stainless steel grades may be used. 
o ln addition to the economic side, the choice must consider the conditions of use, the liquid heated and the requested service life. However, 
·g_ the most important factors are the nature of the liquid to be in direct contact with the heating element, and temperature . 
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EN 

EN 1.4301 

EN 1.4307 

EN 1.4541 

EN 1.4404 

EN 1.4435 

EN 1.4571 

EN 1.4876 

EN 2.4858 

EN 1.4847 

Ti Il 

AISI DIN 

AISI 304 W. 1.4301 

AISI 304L W. 1.4307 

AISI 321 W. 1.4541 

AISl316L W. 1.4404 

AISI 316SL W. 1.4435 

AISI 316Ti W. 1.4571 

Alloy 800 W. 1.4876 

Alloy 825 W. 2.4858 

Alloy 840 W.1.4847 

UNS R50400 W. 3.7035 

Use 

ln water or hum id environ ment max. 450°C. ln- line heater tanks are commonly 
made out of 304. Il is the less costly of the materials mentioned in lhis lis! 

Same than 304 for hum id-corrosive environments. Used for washing machine 
heating elements and heaters tanks. Setter corrosion resistance after TIG 

welding than 304. 

ln water or hum id environment max. 550°C. Washing and cooking heating 
elements. This alloy is similar to 304L, but with Titanium added to decrease the 
carbide precipitation. To be a !rue "stabilized" grade the 321 steel has to have 

Titanium {Ti) content al least 5 limes of Carbon's (C). Not used in heater tanks. 

lmproved resistance to corrosion. For water or corrosive humid environ ment 
max. 450°C. Used in circulation heater heating elements for central heating 
circuits. Used in heater tank walls when a superior corrosion resistance is 

requested, usually when chlorides are used for water disinfection . 

Equivalent to 316L, with the difference that the higher content of molybdenum 
ensures elevaled mechanical features and resistance to corrosion. ln water or 

corrosive humid environ ment max. 500°C. Very lillle use. 

Equivalent to AISI 321, with the addition of molybdenum basides titanium. For 
temperatures of 500°C, also in discontinuous service. Very little use. 

Also Referred to as lncoloy 800. ln water and air with max. tempe rature up to 
1050°C. Corrosion resistance similar to AISl316L in central heating circuits. 

Not used for circulation heater tanks . 

Also Referred to as lncoloy 825. ln water or highly corrosive environments. 
Same applications !han alloy 800 but superior corrosion resistance al elevated 

temperatures. 

Also Referred to as lncoloy 840. ln air for max. temperature up to 950°C. Not 
used in liquid heating. 

This material is used extensively in immersion heating, sea water piping, 
reactor vessais. Withstand highly corrosive materials. lt is the most costly of 

the sheath materials mentioned in this lis! 
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A-3 Sheathed tubular heater bending radius limits QJ 
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The search for compactness and therefore the raw material cost reduction used in making tanks faces a critical technical requirement ~ 
which is the minimum bending radius of the heating elements. lt is this parameter, in addition to the heating tube length required o 
depending on the power and the selected load density, which determines the size of the tank. '§_ 
ln ail applications where the supply voltage can be greater than 230V, the tubular heaters with a dia. less than 8mm are not usable because ~ 
the insulation distances are not sufficient to meet the safety standards requirements. o 
Thal is why we are developing heaters with heating elements dia 8 or 10 and not 6.5mm É 
The elements can be bent in various ways, in single or double hairpins, in flattened rings, and helical. Each of these bending methods has 3: 
its advantages and disadvantages. Togo below the minimum bending radius is possible through technical tricks, but its result often al 
redu ces the life, increases the rate of field failures or causes high scrap rates in manufacturing, and therefore increases the production ~ 

00~. ] 

r,·------~J:=17 
R, K _' ..... _ -_ -_ -_ -_ -_ -_ ++--_ -_ -_ -_ -=_ =~ -o_f,_ =~J 

z 
A 

i 
V J H -----~'-----t=------l 

\ fü 

f--~i z 

Single airpin Double airpin 

Bending radius limits are given by three parameters: 
1/ The sheath tube raw material elongation li mit: 

helical airpin Helically coiled 

This parameter depends on the annealed raw material elongation value. The tube will crack if this value is exceeded. To prevent such 
failures, if the bending diameter is under the minimum li mit, the bending must be made in 2 or more steps, with a new annealing between 
each step. 
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2/ The magnesium oxide sieves and compaction value: v,' 

ln the process of bending, hairline cracks can develop in the compacted magnesium oxide in the bends. The larger is the tube diameter, -g 
the bigger is the risk that this happens. These cracks can lead to overheating and coil failure, especially at high temperatures or high watt -c 
densities. e 
To prevent such failures, if the bending diameter is under the minimum li mit, the bends must be re-pressed to eliminate cracks in the ~ 
magnesium oxide i5 
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A-4 Minimum possible bending diameter (mm), 
for bending at 180°, tube axis to axis, without need to repress (Average values) 

Tube diameter 304/304L 316/316L 321 lncolloy 800 lncolloy 825 
Titanium 

(ASTM grade 1) 

6.5 22 22 22 26 28 35 
8 26 26 26 30 33 41 
10 30 30 30 35 38 47 
12 36 36 36 42 46 57 
16 48 48 48 56 61 75 

A-5 Watt density selection parameters 

ra Figures provided in this section are results of tests made in our laboratory. Charts were smoothened by computer, and are given for 
1 specified power and for information only. 
0 
w General rules. 
~ lt is recommended to select a surface load which does not produce local boiling of the liquid at the surface of the heating element. This 
~ phenomenon, called cavitation, causes rapid wear of the protective sheath of the heating element, decomposition or chemical 
::::i transformation of the liquid, and the deposit of limestone and contaminants (carbonates, chlorides etc .. ). ln the case of drinking water, 
::0 these deposition processes are amplified when the water temperature reached 65 ° C, and for water hardness exceeding 1 0dH . 
.E Recommendations for the choice of specific watt densities were given in 1966 in OIN 44875 ( last version: 1986-09) "Electrical Metal 
~ Sheathed Tubular Heating Elements; Use" 
ra They are basic and simply give as maximum values for stainless steel elements 12 W/cm 2 in still water, and 25W/cm 2 in pou ring water . 
.l'.l Sorne storage water heater standards recommend a watt density less than 6W/cm2 , especially Class C of the French standard "NFC 
al Performance". 
{;; These watt density levels are easily attainable in sheathed tubular heaters and the rumor that steatite heaters inside pockets are more 
,::g efficient and produce less limestone is due solely to their comparison with 10 or 12W/cm2 sheathed tubular heaters . 
.{g To facilitate understanding in usual application configurations, we carried out the following tests by measuring in several places the 
w surface temperature of the heating elements by miniature thermocouple spot welded toits surface. Consult factory if in doubt about the 
li'.) proper watt-density for the heater in a particular application . 
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A-6 Liquid flow velocities 

Sheathed heaters surface temperature in in-line circulation heaters versus water velocity and surface power 

ln applications with permanent flow, the important parameter is the velocity of the liquid around the heating element. ln the graphs 
below, the speed is given in meters per minute. 
The temperature data from these curves is the difference between the surface temperature of the heating element and the fluid 
temperature, measured 50mm above the heating element. The tests were performed with pure water, and water with glycol addition of 
25% and 50%, for surface loads from 1 to 20 W/cm 2 • The heating elements are completely submerged. 
ln central heating circuits the recommended minimum water velocity is 18m/min (0.3m/s), but they refer to water velocity in the piping. ln 
heaters,the water velocity is reduced proportionally to the section surface ratio. 

Water veloclty (m/mln) lnslde heaters upon water flow 

70 0,56 1,4 2,8 5,6 14 28 70 139 
76 0,47 1,2 2,4 4,7 12 24 59 118 
80 0,42 1, 1 2, 1 4,2 11 21 53 106 
88 0 35 0,87 1 7 3 5 8 7 17 43 87 
100 0,27 0,67 1,3 2,7 6,7 13 33 67 
125 0, 17 0,42 0,85 1,7 4,2 8,5 21 42 
140 0, 13 0,34 0,67 1,3 3,4 6,7 17 34 
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A-7 Normal working conditions, fully immersed tubular heaters, 

circulating liquid 

TD 

- 1 
- •O! 
- 1!11 .. - m 

Heating elements fully immersed, pure 
water 

ln pure water, in all cases ofthis test, 
the boiling temperature is not reached 

when the water is at less than 40°C 
when it cornes into contact with the 

heating elements. However, for an inlet 
temperature of 40°C the temperature of 
65 ° C is reached in all cases with a load 

of 8W / cm 2 and more 

IO ------------. -119 

n -~· +---------t----
<I ;.o 

Il 
~ 

2 4 1 l , Il 12 14 
lM11ln 

Flow, immersed, 25% glycol 

ln waterwith 25% glycol, commonly 
used in heating circuits, the boiling 

temperature is reached at speeds of 
less than 6 m/min from 8W/cm2 with a 
water in let temperature of 40 ° C. Ali 
loads greater than 8W/cm2 reach the 

boiling point. 

1 
<I 

Qt -
'° ' 
'° - z 

- i 

.tll 
_ , 
- 1c 

~ - 11 
- 2C 

D 
z "' • 10 ta 1,1, 1,, -

Flow, immersed, 50% glycol 

ln waterwith 50% glycol, used in 
heating circuits which have to withstand 

very low temperature, the boiling 
temperature is reached for speeds less 
than 8 m/min and loads of 5W/cm2 with 
an in let temperature water of 40 ° C. Ali 
loads greater than 5W / cm 2 reach the 

boiling point. 

A-8 Abnormal working conditions, without liquid flow 

Heating element surface temperature evolution intime, when flow is stopped, versus heating element surface load 

The tests were performed with pure water, 25%, and 50% glycol added water, as they are representative of liquids used in central 
heating and solar heating circuits, and with peanut oil representative of liquids used in food applications. 

,~ f,D 

1~ -.,_, - , 
4 Hlt - ,! .. 
" - ID 

,Q 
- u 

21 

At no flow condition, values of 
temperature difference 50mm top and 

50mm bottom of heating element. 
lt is possible to see a huge temperature 

difference, mainly in oil. 
Note: On the water test with 1 0W/cm2 

load, after 6 minutes, the water around 
the heating element starts boiling, and 
the temperature difference decreases 

progressively, because of the 
convection provided in the water by 

ebullition. 

-- - - 1111, .,_ -lb·-
_ .. -

1= 2i:le 

1N +-
~ lilO 

~ 

2 & ,. • Il u M ,a -
At no flow condition, difference between 

heating element surface temperature 
and liquid temperature measured 50mm 

above the heating element, at various 
surface loads. Heating element is fully 
immersed. (Measurements made 1 0 

minutes after energization) 
Note: above 8W/cm2 , there is no 

increase of temperature difference in 
water and water+- glycol, because the 

liquid in contact with the heating 
element starts to boil and energy is 

used for vaporization. 

--
1§ 

Hf 
,<J ïl!t 

• 

At no flow condition, this is a simulation 
ofwhat happens when the heating 

element starts to rise from the liquid 
level. (Half immersed tubular heater, 

measurement made after 10 minutes). 
Heating element surface temperature 

rises sharply. 
Note: for oil, the flash point (320°C) is 

reached at 7W/cm2 load, and auto­
ignition may occur (Fire hazard) 
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A-9 Non-heating zone, also said cold zone 

The non-heating zone (L) is located 
in the immersed side of the heating 
element, just after the wall. lt avoids 
that the heating elements heat up the 
electrical connection ends and the 
housing by thermal conduction. An 
usual value of this non-heating zone 
is 50mm (for the immersed section) 

~ A-10 lnsulation resistance and leakage current 
QJ 
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Ill 

ra 

! ~~~~p~~~4~:~~f~~;~;~;s s;~~~:~dt~l:~~~g~sb~sshl~1 ~o/~ ;~~i; ;~::~~~~~ua~u~~u~~:~fr:~~~~~~~~i~eA~~s1i~;g~ii~~:~~~~s0i1:?:~ 
li'.) resistance greater than 2Mohms in 500V, heater at cold position. 

-:E These values, although still currently used in EN60335-1 Annex 1 standards, are however inadequate in many applications because 
c they do not take into account the moisture absorption phenomena intime. 
0 ln in-line heaters, the insulation resistance must reach much higher values and construction quality must provide a more secure 
~ retention of insulation intime. 
~ We take great care to ensure the maximum level of performance to this electrical insulation. 
v, The end results are the combination of multiple factors, from the excellent centering of heating wire coils, the right technical choice of 
~ ::::, tubes end sealing, including the quality of magnesia used . .... 
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A-11 Tubular heaters moisture porosity. 

-c This critical point is that on which the heater manufacturers provide the less information because it is the one that poses the greatest 
~ technical difficulties. 
c Magnesium oxide (MgO or magnesia), used for insulation of the sheathed tubular heaters, is highly hydrophilic and rapidly absorbs 
-~ ambient atmospheric moisture. The moisture absorption significantly reduced its insulating properties and leakage current can happen 
~ to trigger GFCls. 
v,' Unless you are using a magnesia made less hydrophilic by coating the grains with silicone oil (called hydrophobie magnesia), which 
tî greatly reduces the temperature al which il can operate, the solutions to prevent moisture absorption lie in the design of the tube ends 
-5 closure, to reduce or eliminate the passage of atmospheric water vapor. 
e lt is traditional for tubular heater manufacturers to say that is normal and that one just need to warm the heaters to eliminate the internai 
o.. moisture, which is only a temporary stopgap, and can even lead to a moisture recovery even bigger and faster if the armored elements 
~ were sealed with low temperature resins. 
~ Sorne manufacturers even consider an armored resistance insulation value of 5 or 20 Megohms as standard, and recommend to warm 
o them up between 150°C and 260°C (300to 500°F) overnight if their insulation value drops below 1 Megohms (50% below the minimum 
1: value of the 1966 safety standard!). This is a great disregard to users safety, although in these conditions (leakage current of 23mA 
~ 230V), the home GFCI always triggers. 
~ See hereafter the comparison with the insulation values and moisture absorption rate of our heaters. 
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A12 End seal solutions against water vapor porosity in tubular heaters 

Type Features Advantages Disadvantages 

- Excellent temperature 
resistance (up to 230 ° C), 

-Silicone resins are porous, - No change in their electrical 
Silicone Silicone resins are widely used for the end insulation characteristics with a moisture vapor 
resins sealing of heating elements, because of their versus temperature. transmission rate (MVTR), 

excellent temperature resistance. - They do not break up to 100 gr*mm/m 2 /day at 

- Good bonding to the heater 23°C and 90%RH 

tube wall 
- Good bonding to the heater 

tube wall 

Epoxy resins, less used, have to be selected 
with great care, because of their widely 
varying characteristics according to the - Low moisture vapor 
qualities and suppliers. The temperature permeability rate (MVTR), 6 to -Low temperature resistance, 
they can withstand, their glass transition 10 g*mm/(m 2 *24h) at 90% usually less than 150°C, except 

point, their flexibility, and curing conditions relative humidity. for special blends used in 
Epoxy resin are critical parameters. -Good bonding on stainless steel aerospace and avionic 

The Glass Transition Temperature (Tg), one applications. 
of the most important properties of epoxy is -Huge drop of volume resistivity 
the temperature reg ion where the polymer at the glass transition point 

transitions from a hard, glassy material to a 
soft, rubbery material and change phase. ln 

(Tg). 

this temperature range, 
its volume resistivity drops, strength and 

hermeticity are also greatly reduced 

lt is possible to combine the two filling 
modes, by performing two successive layers 

Silicone epoxy 
of filling, silicone and epoxy or epoxy and 
silicone, each of the two resins providing 

combination some of its advantages and overcoming the 
disadvantages of the other. 

We have developed this type of tube end -Applications in high 

insulation to meet the demands of hermetic temperatures (up to 450 ° C) 

heaters. Tube end is sealed by a special - Moisture porosity near zero. 

glass bead molten at high temperature. They Test elements, of our - lncreased manufacturing cost 
Glass beads are perfectly suited in areas with high air manufacturing process, - Mechanical fragility of the 

humidity or sporadic use measured after 5 years of glass. storage in humid subtropical 
climate still have an insulation 

resistance higher than 
20Gohms. 
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A-13 lnsulation resistance testing vs temperature on tubular heaters end seals only. 
(Made on 10mm 0D tubes with dia. 4mm connection rod) 

Epoxies 

-
- t 

.. """"' ........ ~ ............................. _ :2 
- J 
- 4 _, 

Only one (# 5) has an electrical 
insulation higher than 1 Gohm at 110°c. 

Silicones 

,._ 
B Iii P.ltM't '111:IP.I .• ....., 

The three tested silicone resins retain 
excellent insulation up to 110°C, but 

with a huge disparity. 
Only one (# 1) has an electrical 

insulation higher !han 1 Gohm up to 
300°C. 

Glass beads 

.. 
·- --:....:i~~..,....,:i,.,,,...;;,,...,,...,.....,....,......;.~ -" ·­"' ,. 

The variability between the different 
types of glass beads is very significant, 
depending on the melting temperature. 
One(# 5) retains an electrical insulation 

higher !han 1 Gohm above 300°C 

A-14 Measurement of insulation resistance, leakage current 

.{g Standard conditions of moisture absorption measurement testing are usually 1000 heurs or six weeks at 65°C and 90% relative humidity. 
w These thermal aging tests were made more stringent in the method developed in our laboratory, where products placed in a climate 
li'.) chamber, undergo 50 to 80°C repetilive thermal cycles of one hour, which by expanding and contracting the inner residual air inside 

-:E tubular heaters, accelerates porosity rate. 
c These tests helped to develop reliable technical solutions. 
0 Our standard end sealing process reaches slabilization of the moisture porosity al 1 0 Gohms after 1000 heurs in adverse conditions, 
~ which is 5000 limes the value requesled by standard for new heaters in standard atmospheric conditions. 
~ Below are results of comparative tests with traditionally isolated tubular heaters which are considered having reached a very good value 
vi of 100 megohms (0.1 Gohms) (blue curve) and standard tubular heaters from our actual process (yellow curve) 
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A-15 Note about insulation resistance measurements 
~ When the insulation measurement is performed on three-phase heating elements or single phase heating elements wired in parallel, by 
~ connecting together live terminais, Ohm's law applies, and the result differs from the individual measurement of each heater. 
ra E.g.: 3 heaters in parallel having an insulalion value of 10 Gohms each will give a total insulalion value of 3.33 Gohms by application of 
al the formula 1/R = 1/R1 + 1/R2 + 1/R3 
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A-16 Magnesium oxide thickness vs insulation value and water vapor recovery QJ 

u 
'> 
"'C 
ra 

Sheathed tubular heater are composed of a coiled heating wire of variable diameter, insulated by magnesia powder, and embedded in a 0 
metal tube which is then compacted by swaging to redu ce its diameter. There are man y external diameters of the tubes, the most common ·.:::: 
ones from 6.25 to 12mm. For reasons of reliability and durability, heaters of this cala log use only dia. 8mm and dia. 10mm tubes, filled _e 
with the highest quality magnesia. The tube wall lhickness is variable according to the diameters, as they must meet the swaging stress, ::::i 

wilhstand the bending, insure mechanical strength, whilst trying to reduce ils weighl, and lherefore the cos! of raw material used. Tubes ..ê 
with too thin walls will be subject to cracks or micro-cracks du ring bending operations, or subsequently, after a certain number of heating -~ 
cycles . To characterize the advantages and disadvantages of different diameters, we conducted tests involving insulation, and moisture -c 
absorption versus different diameters, on some samples. According diameters, the lhickness of magnesia insulation varies from one to aJ 

lhree. This magnesia lhickness directly determines the insulation resistance. ii 
These tests were performed with pure magnesia, without receiving a silicone surface treatment, because il disappears during annealing o 
made before bending E 

lnsulation value for 100mm length of tubular heater, after 
2 hours in oven at 200°c, and before end sealing, versus 

magnesia 

1'000 

too 

to 

a,1---------------------
1.5, 2 2.-5 u MM 

Humidity recovery (insulation resistance value vs time), 
unsealed tubular heater, length 100mm, at 25°C and 

90%R.H. 

1 ..... 

IDO 

,. 

tG'lllffl 

-
1D 

~ 
\\ 
\\ 

'~ d 12 
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1~ 
~ ! . !11111~ . 

ill\1 
-~ - lladlU 

i,....._ 

1 J- ... .. 18,.5 

01'1 
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A-17 Effect of temperature on the insulation 
resistance of compacted magnesium oxide 

1 Gohm ,..........-~- ---..------.--......,,------,,--.--- =r--....-----,,,,- ---.--.-----............ 

10 

lnsulation value versus temperature, of a dia. 8mm, length 1200mm sheathed tubular heater. (Measured in an oven, on a 
prevlously dehydrated sheathed tubular heater wlthout end seals). 
Note: Depending on the selected quality of magnesia and its compression ratio, resistivity may vary from single to quadruple. 

According to ils compaction, the magnesia powder has a thermal conductivity of between 5 and 6 W.m-1.K-1. 
(For compaction measurement, see "ASTM-D-2771-90 Standard Test Methods for Compaction Density of Electrical Grade Magnesium 
Oxide") 
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A-18 lnsulation distances of sheathed tubular heaters 
·;;; 
15 A particular attention is needed at electrical terminais to meet the clearances and creepage distances requested by the standards 
.._ according to the voltage and the nature of the environ ment. 
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Output style 

Connection is made 
by a tab terminal spot 
welded on the output 
rod, and at least at 
4 mm from the tube 

Distance (mm) 

Possible 
applications 

Output style 

Connection is made by 
a tab terminal spot 

welded on the output 
rod and at least at 4 
mm from the tube 

Distance (mm) 

Possible 
applications 

Configurations (Creepage distances are equal to clearances in these models) 

Tube dia. 6.5, 
rod dia. 2.5 

1.3 

Can be used in 
250V, pollution 

degree 2 , with glass 
bead insulation or 

class I resin 
(IRC>600V) 

Tube dia. 10, 
rod dia. 3 

2.85 

Can be used in 
250V, pollution 

degree 2 , with glass 
bead insulation or 

class 1, Il or Ill resin 
(IRC? 175V) 
Can be used in 
400V, pollution 

degree 2 , with glass 
bead insulation or 
class I or 11 resin 
(IRC? 400V) 

Tube dia. 8, 
rod dia. 3 

2.15 

Can be used in 
250V, pollution 
degree 2, with 

glass bead 
insulation or class 1 

or Il resin 
(IRC ?400V) 

Can be used in 
400V, pollution 
degree 2, with 

glass bead 
insulation or class 1 

resin (IRC>600V) 

Tube dia. 10, 
rod dia. 4 

2.35 

Can be used in 
250V, pollution 
degree 2, with 

glass bead 
insulation or class 1 

or 11 resin 
(IRC?400V) 

Can be used in 
400V, pollution 
degree 2, with 

glass bead 
insulation or class 1 

resin (IRC>600V) 

Tube dia. 8, 
rod dia. 4 

1.9 

Can be used in 
250V, pollution 
degree 2, with 

glass bead 
insulation or class 1 

or Il resin 
(IRC?400V) 

Tube dia. 12, 
rod dia. 2.5 

4.1 

Can be used in 
250V, pollution 

degree 3, with glass 
bead insulation or 

class 1, Il or Ill resin 
(IRC? 175V) 
Can be used in 
400V, pollution 

degree 2 , with glass 
bead insulation or 

class 1, Il or Ill resin 
(IRC? 175V) 

Tube dia. 8, 
rod dia. 4 

1.4 

Can be used in 
250V, pollution 
degree 2, with 

glass bead 
insulation or class 
1 resin (1 RC>600V) 

Tube dia. 12, 
rod dia. 3 

3.85 

Can be used in 
250V, pollution 

degree 3, with glass 
bead insulation or 
class I or 11 resin 

(IRC? 400V) 
Can be used in 
400V, pollution 

degree 2 , with glass 
bead insulation or 
class I or Il resin 

(IRC? 400V) 

Tube dia. 10, 
rod dia. 2.5 

3.1 

Can be used in 
250V, pollution 

degree 2, with glass 
bead insulation or 

class 1, Il or Ill resin 
(IRC? 175V) 
Can be used in 
400V, pollution 

degree 2, with glass 
bead insulation or 
class I or Il resin 
(IRC? 400V) 

Tube dia. 12, 
rod dia. 4 

3.35 

Can be used in 
250V, pollution 

degree 3, with glass 
bead insulation or 

class I resin 
(IRC? 600V) 

Can be used in 
400V, pollution 

degree 2, with glass 
bead insulation or 
class I or 11 resin 

(IRC? 400V) 
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Output style 

Filling with epoxy or 
silicone resin, with 
ceramic insulator, 

external height 4mm, 
inner part penetrating 

the resin 
Connection is made by 

nut + securing nut 
(threaded output rod), 

but is also possible by a 
spot welded tabor wire 
directly welded on the 

rod (rod without thread) 

Distance (mm) 

Possible 
applications 

Output style 

Filling with epoxy or 
silicone resin, with 
ceramic insulator, 

external height 5mm, 
inner part penetrating 

the resin 
Connection is made 

by nut + securing nut 
(threaded output rod), 
but is also possible by 
a spot welded tabor 

wire directly welded on 
the rod (rod without 

thread) 

Distance (mm) 

Possible 
applications 

Tube dia. 6.5, rod 
dia. 2.5 

4 

Usable in 250V: 
Pollution degree 3 . 

Usable in 400V: 
Pollution degree 2 . 

Tube dia. 8, 
rod dia. 4 

5 

Usable in 250V: 
Pollution degree 4 

Usable in 400V: 
Pollution degree 3 

Tube dia. 8, rod 
dia. 3 

4 

Usable in 250V: 
Pollution degree 3. 

Usable in 400V: 
Pollution degree 2 . 

Tube dia. 10, 
rod dia. 4 

5 

Usable in 250V: 
Pollution degree 4 

Usable in 400V: 
Pollution degree 3 

Tube dia. 8, rod 
dia. 4 

4 

Usable in 250V: 
Pollution degree 3. 

Usable in 400V: 
Pollution degree 2. 

Output style 

Filling with epoxy or 
silicone resin, with 
ceramic insulator, 

external height 
5mm, inner part 

penetrating the resin 
Connection is 

made by nut + 
securing nut 

(threaded output 
rod), but is also 

possible by a spot 
welded tab orwire 
directly welded on 

the rod (rod without 
thread) 

Distance (mm) 

Applications 
possibles 

Tube dia. 10, rod 
dia. 4 

4 

Usable in 250V: 
Pollution degree 3. 

Usable in 400V: 
Pollution degree 2. 

Tube dia. 8, 
rod dia. 4 

9 

Usable in 250V: 
Pollution degree 4 

Usable in 400V: 
Pollution degree 4 

Tube dia. 12, rod 
dia. 4 

4 

Usable in 250V: 
Pollution degree 3. 

Usable in 400V: 
Pollution degree 2 . 

Tube dia. 10, 
rod dia. 4 

9 

Usable in 250V: 
Pollution degree 4 

Usable in 400V: 
Pollution degree 4 
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Rated 
voltage 

:(;250 V 

:(;400 V 

0.6 

A-19 Pollution degrees 

Minimum creepage distances for basic insulation (table 20.3, EN60335-1) 

Pollution degree of the micro-environment* 

2 3 4 

Material group** Material group** Material group** 

Il IIIA, IIIB Il IIIA, IIIB Il 

1.8 2.5 3.2 3.6 4 5 6.3 

2.8 4 5 5.6 6.3 8 10 

~ ** The pollution degrees 1, 2, 3 and 4 apply to components such as tubular heaters or liquid heaters. Pollution degree 4 is not 
~ applicable to devices. The micro-environ mentis the immediate environ ment of the insulation which particularly influences the 
§ dimensioning of the creepage distances 
QJ 

IIIA 

8 

12.5 

~ -Pollution degree 1: "No pollution or only dry, non-conductive pollution occurs. The pollution has no influence". This pollution degree is 
~ not applicable to the heaters of this catalog 
::::i -Pollution degree 2: "Only non-conductive pollution occurs except that occasionally a temporary conductivity caused by condensation 
;:° is to be expected". This level of pollution is the most corn mon in the heating household appliances . 
.E -Pollution degree 3: "Conductive pollution occurs or dry non-conductive pollution occurs which becomes conductive due to 
~ condensation which is to be expected." This pollution degree is corn mon in all the electrical appliances that can produce cold. 
ra -Pollution degree 4: "The pollution generates persistent conductivity caused by conductive dust or by rain or snow." This pollution 
.l'.l degree is possible on heaters used in reversible air conditioning systems, in which condensation occurs on components located 
l!l above, that may lead to the creation of water drops . 

..c: 
Ill 

ra .... ra 
~ **Materlal group. The relationship between material group and proof tracking index {PTI) values is found in 6.13. The PTI values refer 
li'.) to values obtained in accordance with IEC 60112, and tested with solution A. 

-:E 1: IRC ~ 600. Ceramics and glass are classified in this category without testing. Organic materials such as plastics are subject to 
§ certification testing to determine their classification in Group I to II IB 

-c Il : 400::s; IRC>600 

~ IIIA: 175::s; IRC>400 

v, IIIB : 100::s; IRC>175 
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B-Tank bodies design rules 

B-1 Reasons for use of 1.2mm stainless steel 

The choice of stainless steel was obvious as the heaters must be used in drinking water circuits, swimming pool circuits, and liquids 
commonly used in central heating systems. 
Heaters of this catalog are designed to have only stainless steel in contact with the water, to the exclusion of any weld filler metal or 
solder strippers, resins and plastic materials. The result is that they are fully compliant with the WRAS and KTW standards. 
-Stainless steel alloys, especially the austenitic have elongation rates of up to 60%, facilitating forming. 
-They have an excellent aptitude for TIG welding. 
-They have all good resistance to corrosion. 
-The AISI 316 * grades are particularly resistant to water disinfectants, including welded zones. 
-They are readily available in sheets, tubes, bars and tubular blanks, allowing the realization in the same material of all components of 
the tank, stamped or machined. 
-The passivation by immersion after the complete assembly is possible without contamination of the bath by brazing alloys or solder. 
-The 1.2mm is required to insure a pressure resistance compatible with the domestic water supply networks, while maintaining a 
substantial margin of safety. 

B-2 Effect of welding interstices on corrosion 

When two components are welded side by side, the weld must be made to the root and penetrate the entire thickness of the two walls. 
lncomplete welding leaves a gap which will initiale corrosion, especially by the deposition of foreign metal particles. 

Full thickness welding, no corrosion promoting interstice lncomplete weld, leaving a gap at the root, promoting corrosion 
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B-3 Water hammer shocks 

~ Water hammer is a shock wave in the installation. A heater itself does not produce water hammer, it is caused by a fast stop of the water 
o circulation, usually by snap action valves, and results in strong pressure fluctuations generated by a sudden deceleration of the 
·g_ moving water. These pressure variations are much more significant when the water velocity is high and the closure is fast. The du ration 
~ of the shock wave is of the order of 0.2 to 0.5 seconds. 
o The maximum pressure generated du ring a sudden interruption of flow is given by the Joukowsky equation: 

-:E P= pcU 
"§: With 
~ P = Pressure (Pa) 
~ p = density of the liquid (kg/m3) 
-g c = speed of sound in the fluid (= 1480m/s for water) 
E U = liquid velocity (m/sec) 
w For example, in a heater with water flow speed of 1 m/s: 

..c P=1000x1480x1=1.48MPa 
~ ln practice, these shock waves are reduced by the length of pipe between the point of production and the tank. But the constraints 
~ made to the tank are important and can lead, in extreme cases, to fatigue cracks, generally due to design errors allowing metal walls 
c bending. 
; The products in this catalog have been designed to withstand over 1,000,000 water hammer shocks with a A P of 20 bars and 0.2s 
C 
0 Main causes of water hammer shocks 
~ - Snap closing of a tap. 
~ - Washing machine solenoid valve. 

3:! - Pump start 
So -Pump stop 
.._ - Block valve closure 
.E - Contact of cold liquid with a condensable vapor. 
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~ e 
a. 
E Typical form of the shock wave du ring a water hammer shock in a 125mm diameter tank, 2 bar water pressure, and water velocity 
1= 0.5m /sin the pipe circuit. 
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B-4 Pressure resistance upon flange designs 

The pressure resistance of tanks and distortions that appear is based on the shape given to the m. 
lt is the same for their resistance to accelerated aging tests, simulating water hammer shocks in applications, that very quickly result in 
fatigue cracks. 
If simple fiat ends are easily achievable, and may seem economic at first glance, their pressure resistance is limited and request a 
greatly increased wall thicknesses to achieve similar performance. Their economic advantage then disappears. To allow you to view the 
differences that appear, we performed comparative tests on tanks 100mm dia, length 100 mm, AISI 304 steel 1.2mm thick, TIG welding 
made without fil Ier metal. 
These tests help explain why we prefer dish shaped flanges. 

Flanges design 

.., 

Features 

End closed by a 
fiat fi ange, side by 
side TIG welded. 

End closed by a 
fiat fi ange with 

outer rim. 

End closed by a 
fiat fi ange with 

inner rim. 

Dish shaped 
flange. Side by 

side TIG welding 

2 deep drawn 
dish shaped 

flanges, side by 
side TIG welded 

Advantages 

- No tooling cost involved 

- Simple solution to implement, the 
pieces fit together in one another. 

- Design facilitates brazing. 
- Simple stamping dies 

A simple to implement solution, parts 
penetrating each others. Most of lime, 
the flange is TIG welded, because il is 

easy to make. 
- Simple tooling 

- The best pressure resistance . 
- The longes! life to ageing tests. 

- The larges! internai volume for the 
lowest weight of raw material. 

- No gap favoring corrosion by foreign 
particles. 

-The rounded design avoid dead 
zones and sludge deposition. 

- The shortest welding seam length 
- The bestpressure resistance. 

- The longes! life to ageing tests. 
- No gap favoring corrosion by foreign 

particles. 
- The rounded design avo"1d dead 

zones and sludge deposition. 

Disadvantages 

- Significant distortions even at 
low pressure. 

- Very low pressure resistance 
- The lowest bursting pressure 

- Fatigue cracks appearing 
soon at the welding seam 

- Significant interstices promote 
corrosion by foreign particles. 

- Low pressure resistance. 
- Fatigue cracks rap1dly 

occurring at the 90° bending of 
the flange rim. 

- Significant interstices promote 
corrosion by foreign particles. 

- The lowest pressure 
resistance. 

- Fatigue cracks rapidly 
occurring al the 90° bending of 

the flange rim. 

- Medium cos! of stamping and 
forming tools 

- The length of each half-shell 
is limited to 1 to 1.5 limes the 

diameter of the tank. For 
example, a 10mm dia. tank will 

be limited to 250mm long. 
- The most expensive dies. 

- Greater material losses than 
the previous solution. 

Pressure for 1 mm 
bending at flange 

center (Mpa) 

1.15Mpa 

Measurement of the total elongation of the tank as a result of the fi anges deformation vs pressure (tests made on 100mm 
dia. tanks, 304L stainless steel sheet 1.2mm thick) 
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QJ 
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"C 
ra Water leaks are the main risk of the heater tanks. 

B-5 Leaks testing 

0 They are generally caused by invisible micro-gaps and pin hales in the welds. These defects can be a discontinuity in the weld, or a 
·g_ foreign particle. 
~ ln the case of shells assembled by torch brazing or by induction, this foreign matter is often a droplet of brazing flux (Usually borax). 
o This type of foreign body causes leakages which cannot be found in the quality contrai process, as the hardened borax seals the leak 

-:E until it dissolves in water. This can take days. Leaks thus appear long after the leak tests, and generally in the field after delivery of the 
"§: finished product. 
~ This defect does not appear with the vacuum or controlled atmosphere furnace brazing processes, but in this processes all the parts 
~ are subjected to temperatures up to 650°C (capillary brazing alloys with silver / copper) to more than 900°C (with solder copper-nickel 
15 alloys), which can lead to sensitization of stainless steel (see below the section on corrosion), if these operations are not followed by 
E an appropriate heat treatment. 
w This defect does not appear in the TIG welds made without tiller metal as the protection du ring welding is performed by gases . 

..c This explains why the tanks we manufacture do not use brazing or soldering with fil Ier or flux. 
~ Leak testing is done 3 limes consecutively by 3 different teams and by different methods. The detection of micro-leaks is particularly 
~ difficult, and the human factor does no! provide a 100% proof result with a single test. 
~ Statistically, the detection rate is 99.2% in the first test, 99.93% in the second test and more than 99.999% in the third test. 
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B-6 lnlet and outlet pipe sizing upon pressure drop and flow 

ro Tests done on in-li ne heaters, water at 50°C 1 male threads. Pressure drop in millibars and flow in liters per minute . 
.l'.J The pressure drop of in-line heaters is usually nearly equivalent to 1 meter of pipe. 
fü Pressure drop must be increased by 25% when the in let and the outlet are angled at 90° and 60% when the in let and the outlet are 

-{;; perpendicular to the body of the heater. 
,::g If installed, internai accessories such as flow deflectors or grids increase the loss. 
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D 1~, 

1" 
Fitting ID diameter 26 mm 

2" 
Fitting ID diameter 50 mm 

1 C-0 U. 11: i11 

1 "1/4 
Fitting ID diameter 33 mm 

t DI, !»D :i!D -110 
t .J! . ,J 1 

2"1/2 
Filting ID diameter 66 mm 

t 

4 ... H l .. U U llf"JH 'l iliil. 1 ïirù.ÏI 

.5. iiMh 

1 "1/2 
Fitting ID diameter40 m 
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B-7 Tanks and heaters installation positions and dead zones 

There are two types of dead zones: 
-Those which will collect air: The air may corne from the degassing of the water system or from poor drainage. Once installed, the 
heaters should be in a position that prevents the accumulation of air bubbles inside the tank. The air bubbles are thermal insulators, 
and they may cause an erroneous measurement of the temperature, trigger the thermal fuse eut out, or erroneous functioning of 
thermostat and local overheating. If the tubular heaters are not properly submerged, it may cause fire hazard and/or equipment 
damage. 
A permanent degassing must be done ta avoid stagnant air in the circuit. The use of an automatic air ventis required in most cases. 
-Those which will accumulate oxides and sludge deposits: The oxide deposits are typically made of ferro us or ferric oxide, from other 
parts of the heating circuit, as well as the sludge produced by the decomposition of glycol, and may initiate pitting corrosion points. 

B-8 Examples of wrong designs or wrong installations 

@ @ © @ ® 

The pictures A, B, C, D, E show misconceptions and bad installation positions of heaters, with mud deposit areas (1) or air 
accumulation (2) and also internai sharp corners promoting accumulation of particles 

B-9 Examples of efficient designs and installations 

® @ ® 0 Q) 
~ 

Œ\ G\ L 

r ( 
© 

L 

[ 

Drawings F, H, 1, J show designs with rounded angles. Air pockets are avoided by the position (F), or by the presence of air vent (3). 
Sludge deposits are avoided if the flow direction is respected. Drawings Gand K show a risk of sludge deposition and may require a 
drain hale at the lowest part (1) 
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C-Water inlet and outlet connections on tanks 
·;;; 
"C 
ra C-1 Fitting thread use for main inlet and outlet and for auxiliary circuits 
.... 
. g ln Europe, parallel threads according to 180228-1, also said BSPP, cylindrical gas thread or "G", are the most commonly used. 
_e These threads are still sometimes described, particularly in France, according to their internai and external diameters. 

~ +:;:~e~~~~~:ldt:,rf:i~::1~~~~;:~~;es~ i~~~~t .. ~~.a~r~nr~~ef:~~=~'.~~~fru;:~~~~f; ~~:~ii~~d on the thread. 
"§: Although not recommended, it is optionally possible to connecta tapered male thread on a cylindrical female thread, but it also requires 
-c the use of a sealant on the threads. 
w A frequent source of problems in threaded joints is the tolerance on the threads. These are usually controlled with Go/No-Go gauges, 
~ and due to their own manufacturing tolerances, there are no two identical gauges, and the standards add levels of wear. lt is common 
o that products whose dimensions comply with the standards are rejected with a gauge and agreed with another because of these 
E problems. 
~ The 180228-2 and ISO 1502, deal with the difficulties of this type of contrai with gauges (see in particular § 11 of ISO 1502 that explains 
c the Taylor principle) 
~ ln large quantity applications, quick connections replace in let and outlet threaded fittings. 
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C-2 Hydraulic connection examples 
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Male parallel with gasket seat. Female parallel. Female parallel with gasket seat. 
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Loose nut. Male snap mounting Female snap mounting 
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Sizes 

Standard 
size 

Outs ide dia 

DN 

' L 

C-3 Usual thread dimensions 

Used in auxiliary circuits, for air vents, drain holes, 
Used in heat pump auxiliary 

Used in swimming heaters, electric heating boilers, 

1/8" 
(5-10) 

10.2mm 

Dn6 

Types 

pressure taps etc ... washing machine heaters, etc ... pool and spa heaters 

1/4" 3/8" 1/2" 3/4" 1" 1 "1/4 1"½ 2" 2 "1/2 
(8-13) (12-17) (15-21) (20-27) (26-34) (33-42) (40-49) (50-60) (66-76) 

13.2mm 16.7mm 21mm 26.4mm 33.3mm 41.9 mm 47.8 mm 59.6 mm 75.2 mm 

Dn8 Dn10 Dn15 Dn20 Dn25 Dn32 Dn40 Dn50 Dn65 

C-4 Threaded connection solutions 

0 

Features 

Fitting welded in a hole 
drilled in a tube wall 

Fitting fitted and welded 
in a rim extruded from 

tank wall. 

Fitting or tube welded 
side by side on a rim 

extruded from tank wall. 

Thread formed directly 
on the tank wall by 

flowdrill 

Advantages 

No need for tool, die or or 
special equipment 

- Excellent angular 
positioning. 

- Excellent positioning 
length. 

- Welding seam and 
assembly simple and easy 

to automate. 
- The fitting is self­

positioned in his nesting 
-Allows welds on thick wall 

thickness fittings 
- No dead zones in the 

reservoir 

- Excellent angular 
positioning. 

- Excellent positioning 
length. 

- Welding seam and 
assembly simple and easy to 

automate. 
- No dead zones in the 

reservoir 

- No drilling. 
- No welding. 

- No loss of material. 
- Excellent angular 

positioning. 
- Good gasket seat surface. 

- The most economical 
solution. 

Disadvantages 

- Huge difficulties to properly adjust 
the perpendicularity. 

- Difficulties in properly adjust the 
external length. 

- Causes of dead zones in the tank 
(Yellow on drawing) 

- 3D welding seam, difficult to 
achieve, and automation is difficult 

- Tools required for cutting the hole 
that must be oblong. 

- Expensive forming tools for the 
extruded rim. 

- Tooling required to insure 
concentricity 

- Tools required for cutting the hole 
that must be oblong. 

- Expansive forming tools for the 
extruded rim. 

- Shortly suitable for fittings with thick 
walls. 

- Causes a dead zone in the tank 
- Feasible only in small diameters 

1/8" and 1/4" 
-Tapping after flowdrill is quite 

difficult. 
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C-5 Water circuit inlet and outlet main positions 

Features Tank Fitting Advantages Disadvantages 
diameters sizes 

- Can be installed in an - The outputs of the tubular heaters 

existing circuit, simply by are close to the main circuit fitting 

removing a vertical pipe which imposes particular electrical 

ln line, 1" for dia. 70, section. constraints and requires a long 

vertical Dia. 70, 76, 76, 80; - No need of an automatic air and costly fitting. 

mounting 80, 88 mm 1"and1"1/4 ventonthetank(butan - The quantity of tubular heaters is 
for dia. 88 automatic air vent must, limited to 1, 2 or 3 depending on 

however, be used in the the model 

installation) -Maximum two pockets. 

- Automatic air ventis mandatory 
on the tank 

- The outputs of the tubular heaters 
are close to the main circuit fitting 

1" for dia. 70, - Can be installed in an which imposes particular electrical 
ln line, 

Dia. 70, 76, 76, 80; existing circuit, simply by constraints and requires a long 
horizontal 

80, 88 mm 1"and1"1/4 removing a vertical pipe and costly fitting. 
mounting 

for dia. 88 section. - The quantity of tubular heaters is 
limited to 1, 2 or 3 depending on 

the model. 
- Maximum two pockets . 

1"and1"1/4 - Tubular heater output on a 
At 90°, Dia. 88, 100, 

for dia. 88. side without hydraulic fitting. -Automatic air vent mandatory on 
1" to 2"1/2 for the tank horizontal 125and140mm. dia.100,125 

- Up to 4 pockets. - Difficult to make on small 
mounting. - Up to 6 tubular heaters in 

and 140 mm. dia. 125 and 140mm. diameter tanks 

1"and1"1/4 - The outputs of the tubular heaters 
At 90°, 

Dia. 88, 100, 
for dia. 88. - Up to 4 pockets. are close of the mandatory 

vertical 1" to 2"1/2 for automatic air vent, which is an 
mounting, 125and140mm. dia.100,125 - Up to 6 tubular heaters in 

electrical safety risk 
side outlet. and 140 mm. dia. 125 and 140mm. - Difficult to make on small 

diameter tanks 

- No need of an automatic air 
ventonthetank(butan 

1"and1"1/4 
automatic air vent must, 

At 90°, however, be used in the 
vertical Dia. 88, 100, for dia. 88. installation) - Difficult to make on small 

mounting, top 125and140mm. 1" to 2"1/2 for - Tubular heater output on a diameter tanks 
outlet. dia.100,125 side without hydraulic fitting. 

and 140 mm. - Up to 4 pockets. 
- Up to 6 tubular heaters in 

dia. 125 and 140mm. 

1"and1"1/4 - Tubular heater output on a 
-Automatic air vent mandatory on 

180° fittings, Dia. 88, 100, for dia. 88. side without hydraulic fitting. 
the tank 

vertical 125and140mm. 1" to 2"1/2 for - Up to 6 pockets. 
- Difficult to make on small 

mounting dia.100,125 - Up to 6 tubular heaters in 
and 140 mm. dia. 125 and 140mm. diameter tanks 
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Configuration Features Tank 
diameters 

. 

~~ 
180° fittings, Dia. 88, 100, 

horizontal 125and140mm. 
mounting 

. 

[J 
Parallel 

fittings on Dia. 88, 100, 
same side, 125 and140mm. 

vertical 
mounting. 

Parallel 

ç~ 
fittings on 
same side, Dia. 88, 100, 
horizontal 125and140mm. 
mounting, 
fittings at 

bottom side 

Parallel 
1 fittings on 
' 

LJ 
same side, Dia. 88, 100, 
horizontal 125and140mm. 
mounting, 

fittings at top 
side 

Fitting 
sizes Advantages 

1"and1"1/4 - Tubular heater output on a 
for dia. 88. side without hydraulic fitting. 

1" to 2"1/2 for - Up to 6 pockets. 
dia.100,125 - Up to 6 tubular heaters in 
and 140 mm. dia. 125 and 140mm. 

1"and1"1/4 - Tubular heater output on a 
for dia. 88. 

1" to 2"1/2 for 
side without hydraulic fitting. 

- Up to 6 pockets. 
dia.100,125 - Up to 6 tubular heaters in 
and 140 mm. dia. 125 and 140mm. 

- Tubular heater output on a 

1"and1"1/4 side without hydraulic fitting. 

for dia. 88. - Up to 4 pockets. 

1" to 2"1/2 for - Up to 6 tubular heaters in 

dia.100,125 dia. 125 and 140mm. 

and 140 mm. - Incorporation of a tubular 
heat exchanger is possible in 

140mm dia. 

- No need of an automatic air 
ventonthetank(butan 
automatic air vent must, 
however, be used in the 

1"and1"1/4 installation) 
for dia. 88. - Tubular heater output on a 

1" to 2"1/2 for side without hydraulic fitting. 
dia.100,125 - Up to 4 pockets. 
and 140 mm - Up to 6 tubular heaters in 

dia. 125 and 140mm. 
- Incorporation of a tubular 

heat exchanger is possible in 
dia. 140mm. 

Disadvantages 

-Automatic air vent mandatory on 
the tank 

- Difficult to make on small 
diameter tanks 

-Automatic air vent mandatory on 
the tank 

- Difficult to make on small 
diameter tanks 

-Automatic air vent mandatory on 
the tank 

- Difficult to make on small 
diameter tanks 

- Difficult to make on small 
diameter tanks 
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D-Tubular heater mountings on tanks 

D-1 Tubular heater assembly methods on the tanks 
0 

·;:: 
o.. Tubular heater assembling methods on the tanks are one of the key elements of the design of the device, and are directly related to the 
~ type of application and the lifetime of the unit. 
_g Removable and replaceable heaters are recommended when the liquid is particularly corrosive or mineralized because it is at the hottest 
-~ place that corrosion will occur and this is also where the limestone deposits will accumulate. 
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ln professional applications, screwed 
fittings (1 "to 2"1/2 or M77x2) will be 
favored, but the limited size of the fitting 
and its passage diameter quickly arise 
limits when the heaters must be bent or 
folded. 

Mounting on a stamped flange is an 
economical solution of removable heater 
because it allows large diameters, as well 
as the installation of magnesium sacrificial 
anodes 
lt allows removing easily the heater from 
the tank, to be able to clean it, remove of 
sludge and limescale, and replace the 
anode. 

ln low mineralized water circulating in a 
closed circuit, and in low-corrosive liquids, 
the most economical solution, however, is 
the direct welding of tubular heaters on the 
tank wall. 
When using good quality tubular heaters, 
having a good electrical insulation, the 
assembly will have a lifetime of several 
years, similar to the other two solutions, at 
a much lower cost. 
lt is the main solution for heaters of this 
catalogue 
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Technical introduction
D-2 Joining of heating elements on the circulation heater tank 

This connection must meet various requirements, including: 
- Provide a good seal 
- Withstand the temperature of the liquid 
- Withstand the surface temperature of the heating element, 
- Provide mechanical retention 
- Provide corrosion resistance 
- Withstand shocks and vibrations du ring shipment and field use 

Type Sealing Temperature Mechanical Corrosion 
retenti on resistance 

Good if no mechanical stress or 
Tin soldering vibrations. Soldering is difficult on Max120°C Poor to average Poor 

stainless steel. 

Epoxy bonding 
Good if no mechanical stress or 
vibrations. Max B0°C Poor Good 

Copperalloy Good, but risks of leakage eventually 
Max300°C Superior Average 

brazing undetectable in production. 

For these reasons our manufacturing process is using TIG welding 
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QJ 
u 

D-3 Maintaining the heating element tubes 
·;;; 
15 Depending on the shape given to the heating elements, they will be more or less prone to vibration du ring the passage of the liquid. These 
.._ vibrations, when significant, are the source of undesirable noise, and more or less rapidly lead to the fatigue fracture of the welding of the 
.g heater tube on the tank. lt is therefore necessary to use holding devices or grids, which vary with heater configurations. They also make it 
o.. possible to maintain firmly the items that can be highly stressed by the road transport conditions in some countries . .... 
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Type Features 

---~ 
___ .&-) - -=--::J 

CC- __ .,_~--=_) ---Kf.---- ).....-·, 
---:~ ~J 

Washer style grid 
Ci-(j_ ) - -----

--- . ------- . --:) 
0:-----s----) ~-es:--= 

....... -...---, 
- ,..,.-r-,..,. .... -... -:-::-----·) 

~~>...-...--...- .,,.-") 
..--..- \ -.....::.:-..__ -------✓- _,...,.. Fork style grid cr· ...--:~:::~-~v;.t-~p-,,~-....... 

_..,.cf;-~·.:-::.:-~·:: __ .. ,.-,-~ 
c.-----~ 

' ' -z-~ "::.:-:- ..... Side rod 

..... ~~ 
----=. 

Advantages Disadvantages 

- Large pressure drop 
- Can move and vibrate on tubes. 

- Can be used only on single - Cheap . 
- Low cost tooling. hairpin bended heaters. 

- Cannat be installed or removed 
after heating elements welding on 

tank. 

- Good clamping on the tubes 
- Low pressure drop 

- Can be mounted on the tubes after - Expensive tooling 
tubular heaters welding on the - More than one grid can be needed 

flange on one assembly. 
- Removable and repositionable 
- Suitable for all types of heaters, 

including coiled. 

- No pressure drop. 
- Good centering of coil inside the - Only available on coiled tubular 

tank heaters . 
-Cheap 

-
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D-4 Distance between heating elements and tank or tube metal walls 

ln our design, there are always more !han 5 mm between the heating element and the tube or tank wall, to avoid heat transmission by 
conduction or radiation to the tank wall. Ali the power of the heating elements is therefore used to heat the liquid. 

t: :\ 1 
> ~llffl \ _______________________________ ____._ / 
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E- Thermowells (pockets) and TCO installation 

E-1 Pocket designs 

"§_ ln heaters, a thermowell must protect a temperature sensor, a thermostat bulb or a thermal eut out against the liquid which it measures the 
..., temperature. lt must also ensure tightness, corrosion resistance, pressure resistance and ensure good heat transfer between the liquid 
~ and the temperature sensing element without increasing the response time. lts positioning is essential for reliable measurement 

-:E corresponding toits function in the heater. 
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Function 

Ensuring tightness 

Avoid corrosion 

Withstand pressure 

Ensure good heat transfer 

Optimize the response time 

Measure the correct temperature 

Solution 

TIG weld on the flange and the end 

o gaps, tapered tube closure with reduced weld length 

wall thickness, tapered tube closure 

Thin tube wall, small clearance between the sensor and the tube, heat transfer grease. 

mass and optimized positioning 

Thin tube wall, small clearance between the sensor and the tube, heat transfer grease. 

QJ .... E-2 Comparison of raw materials that can be used in heater thermowells 
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Material 

Pure Copper 

304 or 316 
Stainless 

steels 

Thermal 
conductivity. 
(W·m-1·K-1) 

386 

15 

Tube internai 
maximum pressure by 

standard 
(Bars) 

6x4.4=110 
8x6=100 
10x8=80 

12x9.6=80 
12x10= 60 

6x4.4= 248 
8x6=240 
8x7=120 
10x8=192 
10x9=100 

Specific thermal 
capacity Comments 

(J·°C-1 ·g-1) 

- With a same wall thickness, a copper 
thermowell transmits heat 26 times faster 

than the same in stainless steel. 
- At equal weight, copper and stainless steel 

specific thermal capacities are roughly 
0.38 equivalent. They require the same amount of 

energy to change in 
temperature. 

- To withstand a pressure similar to that of the 
reservoir, a wall thickness of 1 mm is 
recommended on tubes dia.10mm 

-At equal thickness a stainless steel tube is 
about 2.5 times stronger than a copper tube. 

At roughly equal pressure resistance, the 
wall of the stainless steel tube can be twice 

thinner than that of the copper tube, and thus 
0.51 the heat transfer rate and thermal inertia are 

then also halved. 
- At equal weight, copper and stainless steel 

specific thermal capacities are roughly 
equivalent. They require the same amount of 

energy to change in temperature. 
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E-3 The 3 solutions to close tube ends QJ 
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.- - - ~r-- --- . __ --
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Flat tube end closing Conical swaged end closing 

Corrosion Pressure 
Solution Welding 

resistance resistance 

Maximum 
resistance to 

overpressure. 
lnside part of welding Crushing pressure Conical TIG welding is jus! can be protected by measured on a 

swaged tube a spot at the end of welding gas du ring 12x11 mm pocket: 
end the cone. operation. - ln copper: 

3.2 Mpa. 
- ln 304L stainless 

steel: >10Mpa 

Pressure 
resistance is 

reduced by 50% or 
Due to prior flattening, more. 

the protection of the Crushing pressure 
TIG weld is a long weld inside the tube is measured on a 

Flat tube end seam, increasing impossible, the 12x11mm pocket: 
closing leakage risks. shielding gas does not - ln copper: 

penetrate between the 1.6 Mpa. 
two plies. - ln 304L stainless 

steel: 3.6 Mpa 

When using a cap 
thickness > 2mm, 
the overpressure 

resistance is similar 

lnside part of welding 
to the swaged 

TIG weld is a long model. 
circular seam, can be protected by Crushing pressure Welded cap increasing leakage welding gas du ring measured on a 

risks. operation. 12x11 mm pocket: 
- ln copper: 
3.2 Mpa. 

- ln 304L stainless 
steel: >10Mpa. 
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Welded cap 

Comments 

This solution is the most satisfactory in terms 
of pressure resistance, and leakage risks are 
greatly reduced because the weld is reduced 

to a single point. However, It requIres 
specific equipment for conical swaging. 

This is the preferred solution in heaters of 
this catalog 

This solution, although unsatisfactory in 
terms of corrosion resistance and pressure 
is most often used by other manufacturers, 
because it does not require special swaging 

equipment. 

This solution, satisfactory in terms of 
corrosion resistance and pressure, is often 

used by other manufacturers, because it 
does no! require special swaging equipment. 

However, its cos! is higher because of the 
need to machine a cap. 
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E-4 Thermal response time vs thermowell design, normal use 

oc 
78 
77 
76 
75 
74 
73 t------==-,-- """"""!~ ---

72 

- A 
- B 

C 
ID 

- IE 

71 
10 C 

0 8 12 io s 

Response time upon a 6°C/min fast temperature rise 
A= Copper pocket, without thermal grease 
B= Copper pocket, with thermal grease 
C= Stainless steel pocket, without thermal grease 
D= Stainless steel pocket with thermal grease 
E= Reference sensor, immersed in water without pocket 
Thermal drift vary from 1.5°C to 4 °C depending of the pocket 
selection. 

Response time upon a 0.25°C/min slow temperature 
decrease 
A= Copper pocket, without thermal grease 
B= Copper pocket, with thermal grease 
C= Stainless steel pocket, without thermal grease 
D= Stainless steel pocket with thermal grease 
E= Reference sensor, immersed in water without pocket 
Thermal drift vary from 0.5°C to 1 °C depending of the pocket 
selection. 

Thermowell lengths 100mm, 6 mm I .D. tube fitted with a 5mm dia. Pt100 resistance temperature sensor. Tube wall thickness is 1 mm in 
copper and 0.5mm copper in stainless steel. Thermowells placed side by side in the same water flow. Preferred solutions in this 
catalog are 304L or 316L stainless steel thermowells, with 0.5mm gap with the measuring element, and thermal contact grease. 

E-5 Thermal eut-out mounting solutions 
~ ::::i The function of the thermal eut out is usually to ensure ultimate safety in case of dry run and failure of other security organs. 
-i;; One of the critical characteristics of thermal fuses is the maximum temperature at which they can be submitted after triggering. A high 
~ overshoot after triggering will damage the fuse mechanism and can close again the electrical circuit. 
Vl- They must also trigger quickly, before the body of the tank has reached a temperature at which appear the risk of self-ignition of materials 
§ in the vicinity. 

·-g_ The positioning of the TCO, their response time, their overshoot after tripping are therefore essential security settings. These 
·5 parameters are usually adjusted by trial. 
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Type Description 

Thermal eut out built in the 
tubular heater cold zone. 

1:TCO 
2 : Silicone filling insulation 

3: Tubular heater wall 
4 : Ceramic insulator 

5: Tubular heater connector 

Thermal eut-out inside 
dedicated pocket. 

1:TCO 
2: Silicone electrical insulation 

boot 
3: Pocket wall 

4 : Shrinkable sleeve 
5: Anti-tear grommet 

Advantages 

- Low cost 
-Acceptable response 
time in case of a slow 

temperature rise. 
- Can be mounted in ail the 

tubular heater of a tank 

- Fast response time. 
- Replaceable. 

- Positioning close to the 
heating zone of tubular 

heaters allows adjusting the 
response time and avoiding 

subsequent overheating . 
This is the solution we 

recommend for heaters of 
this catalogue 

Disadvantages 

- Low cost 
-Acceptable 

response time in 
case of a slow 

temperature rise. 
- Can be mounted in 

all the tubular 
heaters of a tank 

- Requires an 
additional pocket 

foreach TCO 
- Higher cost. 
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E-6 Dry run condition, thermal eut out response time vs 

thermowell distance with tubular heater, for 5W/cm 2 and 1 OW/cm 2 

Dry run detection conditions are characterized by a very fast rapid rise in temperature of the tubular heaters, of about of 400°C per 
minute for 1 0W/cm2 heaters. Under these conditions, the response time is critical in order to prevent the temperature of the heating 
elements reaches over 800°C, (destruction appears at about 840°C) or that the tank surface reaches the maximum temperature of the 
thermal insulation (usually 150°C). For a detection done in accordance with these criteria, the distance between the thermowell of the 
TCO and tubular heater tube must be as small as possible, and thermal conductivity must be improved, for example by reducing the wall 
thickness to 5/10 mm for stainless steel thermowell tubes. To take advantage of the thermal convection currents, it is important that the 
thermowell is situated vertically above the tubular heater. 
Maximum temperature overshoot allowed for TCO opening at 122°C is limited to 175°C, because the melting of the internai insulation of 
the TCO may allow an electrical contact between the two conductors and reauthorize heating. 
Maximum temperature on TCO wiring must not exceed 200°c (FEP insulation), because the melting of the wire insulation may allow an 
electrical contact between the two conductors and reauthorize heating. 

Response times higher than 2 minutes at 1 0W/cm 2 or 4 minutes at 5W cm 2 cause a temperature rise of the upper tank wall up to 150°C 
(tests carried out at 25°C ambient temperature). Tests described below intend to determine the position limits. 

Test description 
Tests carried out on 9mm inner diameter, wall thickness 0.5mm, stainless steel thermowell 
positioned above a single 5W/cm2 or 1 0W/cm 2 surface load tubular heater, at a variable distance 
D. The measured time is the time ta ken for a thermal eut out calibrated at 122°C to trigger when 
the resistance is powered. 

( 
l 
r 

' \ 

l i 

Thermal eut out is electrically insulated by a silicone boot whose temperature resistance is higher 
than 220°C. TCO temperature is measured by a thermocouple located inside the silicone boot. 

C 
\ 

D(mm) 

0 

2 

5 

10 

Pocket 
Material 

Ss304 

Cu 

SS304 

Cu 

SS304 

Cu 

SS304 

Cu 

Trip time 
(min:sec) 

5W/cm 2 

Tubular heater 
surface 

temperature 

TCO temperature 
overshoot after 

trigging 
Comments 

-Acceptable response lime, 
- Very low overheating of the tubular heater 

surface. 
- TCO overheat temperature out of li mit. 

- Wires temperature out of li mit 

-Acceptable response lime, 
- Very low overheating of the tubular heater 

surface. 
- TCO overheat temperature out of limits. 

- Wires temperature out of li mit 

-Acceptable response lime, 
-Very low overheating of the tubular heater 

surface. 
- TCO overheat temperature out of li mit. 

-Acceptable wires tempe rature 

-Acceptable response lime, 
-Acceptable overheating of the tubular heater. 

- TCO overheat temperature al high limits. 
-Acceptable wires tempe rature 

-Acceptable response lime, 
-Very low overheating of the tubular heater 

surface. 
- Acceptable TCO overheat temperature. 

-Acceptable wires tempe rature 

-Acceptable response lime, 
-Acceptable overheating of the tubular heater 

surface. 
- Acceptable TCO overheat temperature. 

-Acce table wires lem erature 
-Acceptable response lime, 

- Very low overheating of the tubular heater 
surface. 

- Acceptable TCO overheat temperature. 
-Acceptable wires tempe rature 

- Response lime al high limit, 
-Acceptable overheating of the tubular heater 

surface. 
- Acceptable TCO overheat temperature. 

-Acceptable wires tempe rature 
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D(mm) 

0 

2 

5 

10 

Pocket 
Material 

SS304 

Cu 

SS304 

Cu 

SS304 

Cu 

SS304 

Cu 

Test conclusions 

10W/cm2 

2.10 812 

2.16 832 

2.24 823 

2.32 

2.30 830 

2.35 833 

Comments 

-Good response time, 
-Acceptable overheating of the tubular 

heater surface . 
- TCO overheat temperature out of limits. 

- Wires temperature out of limits. 

-Acceptable response time, 
-Acceptable overheating of the tubular 

heater surface . 
- TCO overheat temperature out of limits. 

- Wires temperature out of limits 

- Response lime al high limit, 
- Overheating of the tubular heater 

surface at high li mit. 
- TCO overheat temperature at high limit. 

-Acceptable wires temperature 

- Response time at high limit, 
- Overheating of the tubular heater 

surface at high li mit. 
- TCO overheat temperature out of limits. 

- Wires temperature out of limits 

- Response time at high limit, 
- Overheating of the tubular heater 

surface al high li mit. 
- TCO overheat temperature at high limit. 

-Acceptable wires temperature 

- Response time at high limit, 
- Overheating of the tubular heater 

surface out of li mit. 
- TCO overheat temperature at high 

limits. 
-Acceptable wires temperature 

- Response time at high limit, 
- Overheating of the tubular heater 

surface at high li mit. 
- TCO overheat temperature at high limit. 

-Acceptable wires temperature 

- Response lime al high limit, 
- Overheating of the tubular heater 

surface at high li mit. 
- TCO overheat temperature at high 

limits. 
-Acceptable wires temperature 

Reduction of the distance with the tubular heater reduces the response time, but increases overheating on the fuse and wires. 
lncreasing the distance between tubular heater and TCO allows to remain within acceptable overheating limits for the TCO and its 
wires. The impact of the material of the pocket is not very important, and surprisingly the copper pocket have a slightly higher 
response lime than stainless steel, probably because it dissipates quicker over the entire surface the heat received on a side. ln a first 
approach it may be considered that distances between 5 and 10 mm are acceptable under test reserves in the final configuration. 

http://www.ultimheat.com


2-44Cat23-2-  www.ultimheat.comContact us

Technical introduction
E-7 Results of dry run tests made on heaters with and without thermal fuse 

Without thermal eut out 
Tested in dry run conditions, without thermal eut out, in the most critical conditions, with a tubular heater watt density of 1 0W/cm2 , and 
other security systems disconnected, the surface temperature of the heating elements can reach 1000°C in less than 2 minutes 30 
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seconds, and the tank wall can reach 550°C in 5 minutes. Heating is switched off only when the tubular heater resistive wire is burned. ~ 
The response lime and the surface temperatures are variable parameters depending on the internai configuration of the tank, its volume, _ê 
the total power and the number of tubular heaters. ..,. 
Without TVO, heating will stop only when the resistance heating wire is melled by overheating, or when a current leakage appears lhat '§: 
triggers the GFCI al 
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Tests made on liquid heater dia. 125mm, with 3 tubular heaters of 1 kw each, surface load 5W/cm2 , with 20mm NBR-PVC foam thermal 
insulation, and aluminized jacket. 
ln these conditions, the foam ls lgnlted ln less than 3 minutes. 
1: Tubular heater surface temperature 
2: Surface temperature of the stainless steel tank wall (upside position) 
3: Surface temperature of the outside of thermal insulation 
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Tests made on liquid heater dia. 125mm, with 3 tubular heaters of 2kw each, surface load 1 0W/cm2 , with 20mm NBR-PVC foam thermal 
insulation, and aluminized jacket. 
ln these conditions, the foam ls lgnlted ln less than 3 minutes. 
1: Tubular heater surface temperature 
2: Surface temperature of the stainless steel tank wall (upside position) 
3: Surface temperature of the outside of thermal insulation 
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With thermal eut out. 

·;;; ln the same test with a thermal eut-out, the maximum temperature depends mainly on its position compared to the tubular heaters, then 
15 from the installation position and, to a lesser extent, on its functioning temperature "Tf" . The TCO must especially bear continuously and 
0 without fa Ise tripping the temperature of the liquid flowing into the tank. The permanent temperature than thermal fuse can support is 
·;:: defined by the handling temperature parameter "Th" specified on its data sheet. For a thermal fuse with a 122°C "Tf" rated temperature, 
_e this value is 94 ° C. This "Th" value was selected because it exceeds the normal operating temperature of a water heater, and the nominal 
~ trigger value is above the thresholds of the other safety devices. 

-:E The response times and the surface temperatures reached may vary depending on the internai configuration of the tank, its volume, its 
"§: thermal insulation, as well as the total power and the number of tubular heaters. Thus qualifying tests are necessary for each 
-c configuration. 
w The tests described hereunder were carried out with a thermal fuse with "Tf"= 122°C, and "Th"= 94 °C. 
~ lt is mounted in a stainless steel thermowell dia. 10mm, wall thickness 0.5 mm located at 3-4 mm vertically from the upper heating 
o element. 
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0 Tests made on liquid heater dia. 125mm, with 3 tubular heaters of 2kw each, surface load 5W/cm2 , with 20mm NBR-PVC foam thermal 
~ insulation, and aluminized jacket.122°C thermal eut-out. 
~ 1: Tubular heater surface temperature 
Vl 2: Surface temperature of the stainless steel tank wall (upside position) 
~ ::::i 3: Surface temperature of the outside of thermal insulation 
-i;; TCO switches off power in 25 minutes. 
~ Stainless steel wall temperature does not exceed 320°C 
~- There is no foam ignition 
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~ Tests made on liquid heater dia. 125mm, with 3 tubular heaters of 2kw each, surface load 1 0W/cm2 , with 20mm NBR-PVC foam thermal 
E insulation, and aluminized jacket.122°C thermal eut-out. 
w 1: Tubular heater surface temperature 
.e, 2: Surface temperature of the stainless steel tank wall (upside position) 
0 3: Surface temperature of the outside of thermal insulation 
~ TCO switches off power in 169 minutes . 
;il Stainless steel wall temperature does not exceed 400°C 
al There is no foam ignition 

CO 
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F-Surface mounting thermostats 

F-1 Surface mounting thermostat mounting solutions 
ln heater applications, dise thermostats are often used as high-temperature safety of the liquid flowing in the heater. Mounted on the 
outer wall, their mounting method is critical for proper and fast temperature measurement. 
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·.:::: 
C. This assembly has to meet requirements about thermal conductivity, ensure good contact with the surface and avoid the risk of galvanic 

corrosion. ~ 
As the fiat face of the thermostat measures the temperature by contact with the tank wall, it is important to have an efficient heat transfer, _ê 
and thus thermal contact grease is recommended. . ..... 
As a general rule, the surface thermostat must be installed in the upper side of the tank, at a place where there is no risk of air §: 
accumulation al 

Type 

A 

Description 

Thermostat with fiat 
bracket, mounted by 
studs spot welded on 
surface. 

Thermostat with fiat 
bracket, slipped under a 
stainless steel spot 
welded bracket 

Thermostat with 
extended cup bracket, 
pushed on surface by two 
screws on a stainless 
steel bracket spot welded 
on tank. 

Thermostat with 
extended cup bracket, 
pushed on a copper cup 
TIG welded through the 
surface, and secured by 
two screws on a stainless 
steel bracket spot welded 
on tank. 

Thermostat without 
bracket, inside an epoxy 
filled deep drawn copper 
cup TIG welded through 
the tank wall. 

Advantages 

The cheapest solution 

- Easy and quick assembly 
- Cheap. 

4 points spot welding in of 
the stainless steel flange 
ensures welding safety. The 
two clamping screws on the 
thermostat flange ensure a 
good thermal contact, which 
remains constant as the 
result of the flexibility of the 
thermostat bracket. 
This is the preferred solution 
used on heaters of this 
catalogue 

- Fast temperature response 
time, 
- Can be used as a dry run 
safety if the distance with 
tubular heater surface is 
equal to or less than 5mm 

- The fastest temperature 
response time 
- Waterproof, including the 
manual reset version 
- Can be used as a dry run 
safety if the distance with 
tubular heater surface is 
equal to or less than 5mm 

Disadvantages 

- Mounting on cylindrical surfaces is 
possible, but the thermal contact is 
only on one line. 
- Stud solder strength is difficult to 
check in production. If only one stud 
breaks, the thermostat does no 
measure anymore the temperature. 
- Mounting on cylindrical surfaces is 
possible, but thermal contact is only 
on one line. 

- Difficult or impossible to use on non­
fiat surfaces. 
- Thermostat may slip out of the 
bracket. 

- Mounting on cylindrical surfaces is 
possible, but thermal contact is only 
on one line. To improve thermal 
contact, we recommend stamping a 
fiat surface at the thermostat place. 

- Quite expensive. 
- Pressure resistance reduced, as the 
copper wall will distort faster than the 
tank. 

- Quite expensive. 
- Pressure resistance reduced, as the 
copper wall will distort faster than the 
tank. 
- Thermostat cannot be removed or 
changed. 
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F-2 Dise thermostat sealing solutions 

~ ln heater applications, dise thermostats are mounted on the outer wall, where they may be subject to possible risks of condensation. 
o Their connections may also have to be protected against accidentai contact, especially for manual reset models. 
·g_ The introduction of water into the body of a dise thermostat may cause carbonization and possibly inflammation of its plastic body . 
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Description 

Unprotected. 

Epoxy seals 
around 

terminal and 
bracket 

crimping. 

Epoxy 
potting. 

Overmolding 

Epoxy 
potting with 

manual 
reset. 

Simple 
silicone 

boot. 

Silicone boot 
with securing 

ring. 

Advantages Disadvantages 

- No protection against accidentai 
contacts 

-Approved for use in pollution 

The cheapest solution. degree 2 in 250V ("Only non-
conductive pollution occurs except 

that occasionally a temporary 
conductivity caused by 

condensation is to be expected"). 

- No protection against accidentai 
contacts 

-Approved for use in pollution 

-Good protection against water ingress inside 
degree 2 in 250V (Only non-

conductive pollution occurs except 
the thermostat that occasionally a temporary 

conductivity caused by 
condensation is to be expected) . 
- Not available in manual reset 

models. 

-Good protection against condensation and -Medium price. 
water drops. -Not available on extended cup 

-Good protection against accidentai bracket thermostats. 
contacts. 

-Good protection against condensation and 
water drops. -Cheaper than epoxy potting . 

-Good protection against accidentai -Not available on manual reset 
contacts. thermostats. 

-Available on thermostats without bracket, 
with fiat bracket and with extended cup 

brackets 

-Good protection against condensation and - Medium cost. 
water drops. Not available on dise thermostat 

-Good protection against accidentai with extended cup bracket 
contacts. 

- Economical solution - The boot can be moved du ring 
- Good protection against condensation. handling and lose its 

- Good protection against accidentai contact. effectiveness. 
-Can be used also for manual reset models . - Not recommended for protection 

-Available for all thermostat brackets models against water drops. 
- The cable diameter must be 

respected. 

-Low cost. 
- Good protection against condensation 

- Very good protection against accidentai 
contact, it is impossible to remove the boot - Not recommended for protection 

during handling against water drops. 
-Can be used also for manual reset models. 
-Available for dise thermostats with fiat or 

- The cable diameter must be 

extended cup brackets 
respected. 

The preferred solution used on heaters of this 
catalogue 
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F-3 Thermal response time when liquid temperature is rising, 

upon dise thermostat surface mounting solutions 

1: angential surface monting 2: Flattened surface mounting 3: Copper cup surface 
mounting 

4: Extended copper cup surface 
mounting 

ln normal operating condition the temperature of liquid flowing through the heater is stable because it is controlled by a thermostat. 
Security devices like temperature limiters do not have to trip. To find best temperature limiter positions and mountings, it is important to 
measure their response times when overheating occurs. 
Therefore we conducted tests in two different operating conditions corresponding to two possible failures. 
The starting conditions for all tests are: 
Water at 50 ° C, thermostat calibrated at 70 ° C in the upper position of the tank in a horizontal position. 
- The first series corresponds to a slow temperature rise of around 0.4 °C and 0.6 °C per minute, which can be likened to a failure of the 
main control system temperature of a 6 kW and 9 kW heater when the liquid circulates in a loop with 125 liters of water. These tests were 
made with a 3 speed circulating pump, to simulate the ope ration of various pumps. lt may be noted that the response time increases 
with the water flow, as internai water convection in the heater decreases when speed increases. This important parameter is to be 
considered in the development of a device. Note: the theoretical time to rise the temperature from 50°C to ?0°C is 50 min at 0.4 °C per 
minute and 33 minutes 20 seconds at 0.6°C /min. 
- The second se ries corresponds to a fast temperature rise of 20°C and 30°C per minute corresponding to the water temperature raising 
in a 6 kW and 9 kW heater dia. 125mm x 310mm, with an internai volume of 3.5 liters, in case of sudden flow interruption. 

Response time with 0.4°C and 0.6°C/minute temperature rise with a water flow of 20L/min 

°C/min N°1 N°2 N•J N°4 
0,40 3min 50s 5min 10s 3min 40s 3min 30s 
0,60 4min 5min 20s 3min 50s 3min 30s 

Response time with 0.4°C and 0.6°C/minute temperature rise with a water flow of 30L/min 

°C/min N°1 N°2 N•J N°4 
0,40 14min 30s 15min 30s 8min 20s ?min 50s 
0,60 12min 20s 13min 40s 9min 40s 9min 10s 

Response time with 0.4°C and 0.6°C/minute temperature rise with a water flow of 40L/min 

°C/min N°1 N°2 N•J N°4 
0,40 33min 40s 39min 20s 31 min 30s 24min 20s 
0,60 30min 40s 32min 20s 26min 30s 22min 20s 

Response time at 20 and 30°C/ minute temperature rise, as it happens in case of a dead stop of flow. 

°C/min N°1 N°2 N•J N°4 
20 1min 20s 1min 42s 1 min 12s 1 min 6s 
30 1 min 4s 1min 22s 54 s 51s 
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F-4 Thermal response time in dry run conditions 
upon thermostat surface mounting solution 

~ ln some configurations, a dise thermostat mounted on a wall, can detect dry running before the tubular heater deterioration and before a 
o dangerous overheating of the heater walls. Different mounting solutions have been tested. The distance between the sensitive part of 
·g_ the dise thermostat (the cup) and the outer wall of the tubular heater is a critical parameter. Thermal contact is of course the solution that 
~ reacts faster, but this configuration is not feasible because it would request that tubular heater touch the tank wall. That's why we 
o developed an extended copper cup which provides direct thermal contact between the heating element and thermostat while allowing 

-:E proper spacing with the tank wall. 
"§: Tank surface temperatures must remain compatible with the type of thermal insulation possibly used, as well as other nearby 
~ combustible materials. 
~ We considered that 800°C was the maximum allowable temperature on the surface of the tubular heater and 150°C the maximum 
15 surface temperature allowable on the tank wall. 
E These values are generally not exceeded when the dry run trip time is less than 2 minutes. 
w Tests herebelow were made in the most unfavorable conditions, with a 1 0W/cm2watt density tubular heater. Thermostats are positioned 

..c vertically above it. Dise thermostats are set at an usual temperature for water heaters: 90°C 
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Distance between tank wall at thermostat place and tubular heater: 0mm (thermal contact) 

Type 

Flat bracket 

0 
Extended cup on 

fiat surface 

0 

Flat copper insert 

Extended copper cup 

1 :34 

1 :34 

Tubular 
heater 

surface 
temperature 

687 

700 

Internai 
surface 

temperature at 
dise thermostat 

place 

137 

140 

160 

Tubular 
heater 

overshoot 
tempe rature 

695 

705 

707 

n erna 
temperature 
overshoot at 

dise 
thermostat 

place 

162 

176 

167 

Comments 

Average result for all 
parameters 

The best response time, 
almost a third faster than other 
solutions, allowing the lowest 

heater overheating. 
Overshoot of the thermostat 
after tripping is compatible 

with its operation. This 
solution can be used as dry 

run safety, but it is technically 
difficult to implement. 

This solution slightly limits the 
thermostat overheating after 
tripping because the copper 

cup dissipates heat 

As the temperature sensitive 
part of the thermostat is away 
from the wall of the tank, its 
implementation is possible 

without contact of the tubular 
heater with the tank wall. 

However, the direct thermal 
contact with the tubular heater 

limits the use of the 
thermostat toits application 
as dry run detection because 

in normal operation the 
thermostat detects a water 
temperature flawed by the 
surface temperature of the 

tubular heater. ln this case, it 
is the technical solution with 
the dry run fastes! response 

time 
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Type 

@ 
Flat bracket 

Extended cup on 
fiat surface 

@ 
Flat copper insert 

Extended copper cup 

Distance between tank wall at thermostat place and tubular heater: 10mm 

Tubular 
Internai 
surface Tubular 

Trip time heater temperature heater 
surface at dise overshoot 

tempe rature thermostat temperatur 
place 

2:00 791 139 791 

124 

2:12 821 150 821 

2:18 794 825 

Internai 
tempe rature 
overshoot a 

dise 
thermostat 

place 

148 

183 

180 

Comments 

Acceptable results, but the 
longest heat transfer due to 

poor contact between the wall 
and the thermostat increases 

the response time and 
overheating that are at the 

limit 

The shortest response time 
and lowest overheating. 

This solution is the preferred 
technical solution for heaters 
of this catalog, because it can 
detect both an abnormal rise 

in the temperature of the water 
and dry operation, provided 
that its location is correctly 

set. 

Significant overheating of the 
tubular heating, which 

exceeds 800°C. 

Longer response time 
becausetheincreaseinthe 

distance to the wall due to the 
extended cup limits heat 

reflection by the wall. 
Very good heat transfer 

reduces the tripping 
temperature but significant 

overheating of the resistance 
and the wall. 
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G-Wall mounting solutions for liquid heaters 

~ Apart from some applications of online in let and outlet heaters held in place by hydraulic connections, it is necessary to hang them on a 
o wall to avoid excessive stresses such as th ose that may occur du ring transport or because of the weight of the device. 
"§_ A number of solutions exist. 
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G-1 Studs or bolts mounting 

Drawing Feature Advantages Disadvantages 

- Random and 
L - Costless and safe uncontrollable welding 

J - No sognificant heating du ring capacitor resistance 
- Wide tolerances of 

: 0 t 2mn- MS stud 
sischarge welding positionning - Easy passage through insulation - Wide tolerances of 

l - Available on all heater diameters spuareness 

- Welding on the tank 
body causes a big 
overheating due to the 
wall thickness 

L 5 Tim differences.Great risk of - ]· - The cheapest further corrosion. 
• - Easy passage through insulation - Wide tolerances of 

r 1= Hex 1 <111rn 
Boulon MS - Available on all heater diameters positioning 

- Wide tolerances of 

• squareness 

G-2 Precise positioning of brackets and accessories 

·-g_ To ensure accu rate positioning of accessories, like wall mounting brackets, thermostats .. , we developed a stamped studs positioning. 
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Accessories are automatically centered on the studs, whose position is fixed by the deep drawing die of the tank body. No positioning 
error is then possible. 

1: Positioning holes in the accessory 
2: drawn on the tank wall 
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0 

Drawing 

1 

~mm 

35mm 

~ -2111m cc::= 
10mm 

05.2mun 
.., ..... (X2) 

G-2 Leg mountings 

Feature Advantages 

- Costless and safe 
- No significant heating du ring capacitor 
discharge welding. 
- Double welding point increase the reliability of 
the fixing 
- Easy passage through insulation up to 12mm 

M5 miniature - Screw mounting through the in the supporting 
bracket wall 

M5 miniature 
bracket with 

legs 

Legs with 
hose clamp 

Plain legs 
welded on 

flanges 

- Excellent positioning accuracy by the 
embossments in the body of the tank 
- Very low angular positioning tolerances 
- Enables mounting feet (see below) 
- Available on all heater diameters 
This is the recommended solution for heaters of 
this catalog 

- No significant heating du ring capacitor 
discharge welding. 
- Double welding point increase the reliability of 
the fixing 
- Easy passage through insulation up to 12mm 
- Excellent positioning accuracy by the 
embossments in the body of the tank 
- Very low angular positioning tolerances 
- Removable feet reducIhg transportation volume 
and cost 
- Available on all heater diameters 

- No welding on the tank 
- Can be adjusted at any position 
- Removable feet reducing transportation volume 
and cost 
- Available on all heater diameters 

- No significant heating du ring capacitor 
discharge welding. 
- Double welding point increase the reliability of 
the fixing 
- High mechanical strength 
- Available on all heater diameters 
- Can be used wIth any·insulatIon ttiIckness 

Disadvantages 

- Not really fitted for 20mm 
thickness insulation 

- Low mechanical strength 

- Not recommended on 
heaters with insulation 
foam 
- Hose clamp is expensive 
in large diameters 

- No possible adjustment 
- Costly 
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Type 

® 

H-1 Terminal protections after end sealing 

Features 

Standard M4 terminal 
1: lnsulation against moisture ingress. 
2: Ceramic insulator provides 
mechanical strength, centering, and 
compliance with air and tracking distance 
requested by standards. 
3: Tankwall 
4: TIG welding between tank wall and 
heater tube 

Standard M4 terminal for highly polluted 
micro-environments .. 
1: lnsulation against moisture ingress. 
2: Ceramic insulator provides 
mechanical strength, centering, and 
compliance with air and tracking 
distance requested by standards. 
3: Tankwall 
4: TIG welding between tank wall and 
heater tube 

Terminal with spot welded wire, 
protected by dual layer shrinkable tube. 
Melting internai layer. 

Silicone boot on terminal and wire. 

Silicone boat on terminal and wire, resin 
potted. 

Ali tubular heater connections fully 
potted together with epoxy, wire or cab le 
output. 

Ali tubular heaters connections fully 
potted together with epoxy, on built-in 
connection block. 

Advantages 

standard in all heaters of this catalogue, 
allows to use these terminais on the following 
pollution degrees : 
250V: Pollution degree 4 
(The pollution generates persistent 
conductivity caused by conductive dus! or by 
rain or snow.) 
400V: Pollution degree 3 
(Conductive pollution occurs or dry non­
conductive pollution occurs which becomes 
conductive due to condensation which is to be 
expected.) 

Upon EN 60335-1, annex M, the 5mm 
distance, standard in all heaters of this 
catalogue, allows to use these terminais on 
the following pollution degrees: 
250V: Pollution degree 4 
(The pollution generates persistent 
conductivity caused by conductive dust or by 
rain or snow.) 
400V: Pollution degree 3 
(Conductive pollution occurs or dry non­
conductive pollution occurs which becomes 
conductive due to condensation which is to be 
ex ected. 

- Water drip ingress rough protection 
- Protects against accidentai contacts 
- Cheap solution 

- Easy installation. 
- Provides an IP44 to IP54 water ingress 
protection (upon models) 
-Mainly used as protection against accidentai 
contacts 
-Exists for M4 screw terminais, 6.3 Quick 
connect terminais and vertical wire weld 
terminais 

-Redu ces generally the moisture absorption 
rate of the heating element. 
-Allows to reach an IP66 sealing. 

-Ensures IP67 sealing 
-Divides by 10 the moisture absorption rate of 
all heating elements 
- ln devices having 3 and more heating 
elements, this solution is less expensive !han 
individual heating element sealing 

-Ensures IP67 sealing, connection block 
excluded. 
- IP44 cover with M20 cable gland available 
for connection block 
-Divides by 10 the moisture absorption rate of 
all heating elements 
-Allows a standardization of heaters, 
independent of wiring and cab les 

Disadvantages 

- No protection against 
accidentai contact 
- 5mm length must be strictly 
respected after terminal 
wiring 
- No protection against water 
ingress 

-No protection against 
accidentai contact 
-5mm length must be strictly 
respected after terminal 
wiring 
-No protection against water 
ingress 

- Do no! provide any 
additional protection against 
moisture. resistance of the 
heating elements 
- Straight output only. 
- Breaking of spot welding, 
which is the critical point of 
this assembly can cause a 
short circuit. 
- Unsecured protection 
against water ingress 

- Do not provide any 
additional protection against 
moisture. 

-Avail able only on side outlet 
terminais. 
- Factory assembly only. 

- Factory assembly only. 

- Factory assembly only 
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H-2 Terminal temperature rise vs protection and power 

The terminais of the heating elements are heated by the Joule effect by the current flowing through the m. The resistance of these 
terminais depends on the electrical resistivity of the metal used, the current intensity, and inversely proportional to the cross section. 

Resistivity table of the most common mate rials used in the manufacture of tubular heater terminais 

Material Purecopper 63% copper brass Pure Nickel Steel 
Resistivity (Ohm*mm2/m) 0,017 0,067 0,087 0, 1 

Comparative values of the resistance in milliohms of different types of terminais according to 
their material (Calculated for a length of 20mm) 

Material 
Terminal style 

Pure copper 63% copper brass Pure Nickel Steel 
M4 screw (dia. 3.3mm cross section) 0,040 0, 157 0,20 0 234 

Dia. 3mm rod 0,048 0, 190 0,25 0 283 
M3 screw (2.5mm cross section) 0,069 0,273 0,35 0 408 

6.35x0.8mm fast-on terminal 0,067 0 266 0,35 0 397 
Dia. 2mm rod 0, 108 0,427 0,55 0 637 

Comparative value of the dissipated power with a 16Amps intensity (Watts) 
Material 

Terminal style 
Pure copper 63% copper brass Pure Nickel Steel 

M4 screw (dia. 3.3mm cross section) 0,010 0,040 0,052 0 060 
Dia. 3mm rod 0,012 0,049 0,063 0 072 

M3 screw (2.5mm cross section) 0 018 0 070 0 091 0 104 
6.35x0.8mm fast-on terminal 0 017 0 068 0 088 0 102 

Dia. 2mm rod 0,028 0, 109 0, 142 0 163 

304SS 
0,73 

304SS 
1 7 
2 1 
30 
29 
46 

304SS 
0 437 
0 529 
0 762 
0 742 
1 190 

The largest temperature rises are those of stainless steel terminais. This metal being for other technical reasons the one selected as 
the standard for the construction of the heaters, we measured the terminais self-heating in the most common cases 

1 

Ch art of the terminal temperature rise for a 16A intensity depending on the model and their protection 

oc 
25 

2.0 

0 

5 

- ·1 
- 2 

3 
4, 

o .... ___ ...,_ _____________ _. ___ --.1-------
min. 5 110 

2 3 4 

15 20 25 

1: M4 terminal, without cap 
2: M4 terminal with silicone boot 
3: M4 terminais with silicone resin potted boot 
4: dia 3.5mm terminal with spot welded wire and shrinked 2 wall 
sleeve 

H-3 Heating element configurations upon the operating voltage 

The heaters can be equipped from one to 6 tubular heaters. The number of them depends on the requested power, number of phases of 
the power supply, and the number of power stages needed by the temperature regulating system. The number of heating elements is 
also limited by the size of the heater. 
Typically, less than 3500Watts systems can be supplied with 230 Volt single phase, and the higher power ratings, preferably with a three­
phase 400 Volt. 
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H-4 Main wiring diagrams 

N 

IL 

IR1 
N N 

R R2 

l L 

1 2 

R o--
N 

R2 R:i 
s 

'1 

L T 
N 

11 2 

~~ 
IR 

s 
Ri 1 

T 1 
T 

IN O-------_J 

1 2 

1 

T o======'......J1 ~----~ 
N n=====;;;;;;!.. _____ .J 

2 

Only one heating element, 230V power supply 

Two heating elements, 230V power supply (circuit1 ): this 
allows a one or two power stages (or three power stages 
if R1 and R2 are different), but the connection 400V is 
impossible. lt can be connected in serial for use in 11 SV 
(circuit 2) 

3 heaters, wired in 400 volts: this arrangement does not 
allow a 230V single phase power supply of but allows two 
power stages, by switching from star wiring (circuit 1) to 
triangle (circuit 2) . 

3 heaters, wired in 400 volts: this arrangement does not 
IR! allow a 230V single phase power supply of but allows two 

power stages, by switching from star wiring (circuit 1) to 
triangle (circuit 2). 

6 heaters, wired in 230V: this arrangement allows a 
single phase 230V connection with up to 6 power stages 
with a parallel connection (circuit 1) and a three-phase 
400V connection with one or two power stages by star 
wiring (circuit 2). 
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H-5 Mounting possibilities of heating elements depending 

on the size of the tank and the supply voltage 

230V single phase 400V, 3 phase 
230V single phase with 
commutation to 400V 

Only one Two power Onlyone Two power Onlyone Two power 
power stage stage power stage stages power stage stages 

Only one Two tubular 3 tubular 6 tubular 3 tubular heaters 6 tubular heaters 
tubular heater heaters heaters heaters. wired in 230V wired in 230V 

Tank dia. from Tank dia. from Tank dia. from 76 Tank dia. 125 Tank dia. from 76 Tank dia. 125 
70 to 140mm 76 to 140mm to 140mm or 140mm to 140mm or 140mm 

H-6 Wires comparison 
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When used in heaters of this catalogue, cab les must meet specific constraints, they are: f 
-An insulation class matching the supply voltage: UL hook up wires are divided into 300V and 600V classes. Voltages are measured a 
between the core conductor and earth. ~ 

!~~hc~~:~~~~~2c~~rEa~~f~:;::~~~~~~ ~~:~~:~:1:~~~~!1e:0~\~; ~~~~:ec~:r~i,UFo~~~:a~=~= i~~~fst~:t~~;g~~~t=~o~t:i~~~::~~:~; is ~ 
the class 05 (300-500V), but the class 07 (450-750V) can also be used. Sc 
NB: The rated voltage of the cab le must be at least equal to the nominal voltage of the installation. .._ 
-Temperature résistance: Depending on the type of insulation selected, the maximum temperature may range from 70°C (standard PVC) .E 
to 200°C (FEP) or even to 250°C {high temperature silicone). This parameter is important for resistance to ignition and flammability ~ 
tests, but also because a cable with a high holding temperature admits a greater intensity for the same gauge. ~ 
- lnsulation resistance to accidentai piercing (abrasion resistance): Silicone is fragile, the insulation can be pierced by nails or hits t 
du ring handling and incorporation, then it may be necessary to choose cables with an additional protection braid like H05SS-K. This l 
increases the size of the wiring harness, but also the cost. FEP and ETFE have the best resistance to accidentai insulation piercing. "' 
- Cable outside diameter: lt is the result the thickness of insulation needed to meet the insulation standards corresponding to the power 2 
supply voltage. FEP and ETFE have very low thicknesses, allowing more compact wiring. Silicone and PVC, less efficient electrical {l 
insulators, may request wall thicknesses up to more than 3 times greater. 
- The potting resins ability to bond to cab les: combinations of the different wire insulating materials and potting resins are not all 
effective, and some do not provide any protection against water ingress. 
PVC and XLPE have the best bonding with epoxy, and silicone bonds correctly only on silicone resins. 
- Fire behaviour, halogens: 
When applications request a good fire resistance, and halogen free, only XPLE and silicone can be used 

H-7 lnsulation material tensile strengths 
(Considered as an indicator of the sensitivity to accidentai eut of insulation layer) 

Silicone PVC XLPE FEP ETFE 

(Standard: EN-50525-2-41) Polyvinylchloride Cross linked Fluorinated ethylene Ethylene 
(Standard: EN-50525-2-11) polyethylene propylene tetrafluoroethylene 

4 N/mm 2 10 N/mm 2 18 N/mm 2 23 N/mm 2 42 N/mm 2 
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H-8 Wire pull strengths vs potting material and wire insulation material 

0 ln the technical solutions of sealing wires by potting, it is important that the bonding between the wire insulation and the potting resin is 
·g_ effective to avoid water ingress . 
..., Sorne standards also request a minimum value for cables and wires pull tests. 
~ We therefore conducted tests between different kinds of wire insulations and resins to define the best solutions. The wires have been 

-:E degreased before filling without any other surface treatment. Polting lhickness is 5mm. Average values measured on 5 samples for each 
"§: combination. 
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Resins 

Silicone#1 
Silicone#2 

Silicone insulated Cross linked polyethylene 
insulated wires 

3:! The values are highly variable upon combinations, with ratios from 1 to 40. 
So - The PVC wire pull-out strength is fair or poor with most silicone resins, but excellent with all epoxy resins 

FEP insulated 

.._ - The pull-out strength of silicone insulated wires can be very good, fair or poor, depending on the silicone resin used, but il is average in 
.E w all cases with all the epoxy resins. 
ro - The pull-out strength of the cross linked polyethylene insulaled wires is the best in all combinations . 
.l'.l - The pull-out strength of the FEP insulaled wires is bad with all silicone resins, and average to good with epoxy resins. 
al * : The breakage of the wire or of ils insulation occurred al this value, outside the resin filling 
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H-9 Comparison of hook up wires insulation thickness (average values in mm) 
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lnsulation material 

FEP (ETFE) section <1.5mm 2 (AWG15) 
FEP (ETFE) section ?1.5 mm 2 (AWG15) 

XLPE (UL3266) section <AWG14) 
XLPE (UL3266). sectionAWG14~AWG10 

XLPE (UL3271) 
PVC /H05V-Kl ,s; 1 mm 2 

PVC /H07V-Kl ,S1.5mm 2 

PVC fUL 1007= 300V UL 1015= 600Vl 
PVC /H07V-K) >1.5mm 2 <1 0mm 2 

Silicone H05S-Kl ,S1.5mm 2 

Silicone H05S-K 1.5mm2 

Silicone H05S-K 2.5mm2 

Silicone UL3212 (600V -50+150°C) 
Silicone UL3251 (600V -50+250°C) 

300V (HAR= H0S .... ) 450V (HAR= H07 ... ) 300V (UL) 600V (UL) 

0.30 0.33 0.51 
0.35 0.33 0.51 

0.4 
0.5 

0.79 
0.6 

0.7 
0.4 0.79 

0.8 
0.8 
0.9 
1 

1.14 
1.2 

http://www.ultimheat.com


2-58Cat23-2-  www.ultimheat.comContact us

Technical introduction
H-10 Comparison of stranded wires used in internai wiring of equipment 

AWG 
Equivalent in 

Standard lnsulation 
Composition Outside Temperature 

Rated voltage mm• (Qty and diameter) diameter range 
22 0.33 UL1330 FEP 19x0.15 1.8 -80+200 600V 
?0 0 5 UL1330 FEP 19x0.19 ? _/Ul+?n0 600V 
18 0.8 UL1330 FEP 19x 0.235 ? '< _s:rn+200 600V 
17 1.02 UL1330 FEP 19x0.26 2.38 -80+200 600V 
16 1.30 UL1330 FEP 19x0.30 2.R -80+200 600V 
15 1.53 UL1330 FEP 19x0.32 2.7 -80+200 600V 
13 2.5 UL1330 FEP 19x0.41 ::l 1 ::l -80+200 600V 
12 3.31 UL1330 FEP 19x0.48 3.52 -80+200 600V 
22 0.33 UL1331 ETFE 19x0.15 1.8 -80+150 600V 
20 0.5 UL1331 ETFE 19x0.19 2 -80+150 600V 
18 0.8 UL1331 ETFE 19x 0.235 2.3 -80+150 600V 
17 1.02 UL1331 ETFE 19x0.26 2.38 -80+150 600V 
16 1.30 UL1331 ETFE 19x0.30 2.6 -80+150 600V 
15 1 '-"1 UL1331 ETFE 19x0.32 ? 7 _/ln+150 600V 
1::l ? 5 UL1331 ETFE 19x0.41 '< 1 '< _s:rn+150 600V 
12 3.31 UL1331 ETFE 19x0.48 ::l '-? -80+150 600V 
22 0 "I'< UL1332 FEP 19x0.15 1 ,ti_ -80+200 300V 
20 0.5 UL1332 FEP 19x0.19 1 n5 -80+200 300V 
18 0 8 UL1332 FEP 19x 0.235 1.87 -80+?00 300V 
17 1.02 UL1332 FEP 19x0.26 ? nR -80+200 300V 
16 1.30 UL1332 FEP 19x0.30 2 ?5 -80+200 300V 
15 1.53 UL1332 FEP 19x0.32 2.35 -80+200 300V 
13 2.5 UL1332 FEP 19x0.41 2.8 -80+200 300V 
12 3.31 UL1332 FEP 19x0.48 3.2 -80+200 300V 
22 0.33 UL1333 ETFE 19x0.15 1 .iUi -60+150 300V 
20 0.5 UL1333 ETFE 19x0.19 1 R!ii .tm+1!iin 300V 
18 nA UL1333 ETFE 19x0.235 1 R7 .Rn+1!iin 300V 
17 1.02 UL1333 ETFE 19x0.26 2.nA -60+150 300V 
16 1.:-m UL1333 ETFE 19x0.30 2 7!. -60+150 300V 
15 1.'-:-1 UL1333 ETFE 19x0.32 7 su. .Rn+1~n 300V 
13 2.5 UL1333 ETFE 19x0.41 7R -60+150 300V 
12 3.31 UL1333 ETFE 19x0.48 3? -60+150 300V 

(20) 0.5 VDE7673 FEP 19x0.185 1.59 -80+180 300V 
(18) 0.75 VDE7673 FEP 19x0.23 1.82 -80+180 300V 
17 1 VDE7673 FEP 19x0.26 1.96 -80+180 300V 

(15) 1.5 VDE7673 FEP 19x0.32 2.15 -80+180 300V 
(13) 2.5 VDE7673 FEP 19x0.40 2.73 -80+180 300V 

11 4 VDE7673 FEP 37x0.375 3.4 -80+180 300V 
22 0.:-1:-1 UL3266 XLPE 17x0.16 1 '-R -40+125°c 300V 
20 n,;; UL3266 XLPE 26x0.16 1 7~ .An+1?'-°C 300V 
1R nR 111 :-17RR Yl.PE 1"-n ?'-.A 1 OA .An+1?'-0 r. 300V 
16 1.30 UL3266 XLPE 26x0.254 2."-ln -40+12s0 c 300V 
14 2 UL3266 XLPE 41x0.254 ? AR .An+1?'-°C 300V 
12 3.31 UL3266 XLPE 65x0.254 3.37 -40+125°c 300V 
22 0.33 UL3271 XLPE 17x0.16 ? ':l'- -40+125°C 600V 
20 0.5 UL3271 XLPE 26x0.16 2.'-'- -40+125°C 600V 
18 0.8 UL3271 XLPE 16x0.254 2.75 -40+125°C 600V 
16 1.'<0 UL3271 XLPE 26x0.254 ::l 10 -40+125°C 600V 
14 2 UL3271 XLPE 41x0.254 3.50 -40+125°C 600V 
12 3.31 UL3271 XLPE 65x0.254 3.Q5 -40+125°C 600V 
20 0.5 H05V-K PVC 16x0.2 2.2 -40+70 90 300/500V 
18 0.75 H05V-K PVC 24x0.2 2.4 -40+70 90 300/500V 
17 1 MU:OV-K l""Vv ~;,i,xo.2 2.5 -40+70 90 y 

15 1.5 H07V-K PVC 30x0.25 3.1 -40+70 90 450/750V 
13) 2.5 H07V-K PVC 49x0.25 3.7 -40+70 90 450/750V 

(11 4 H07V-K PVC 56x0.3 4.4 -40+ 70 (90) 450/750V .,,.,, n ...... I11_101!i PVC 17X0.16 7 "'"' .An+1n,;; ...... v 

?n n~ UL 1015 PVC 26x0.16 2 .... .An+1n~ 600V 
18 nR UL 1015 PVC 16x0.254 7 7~ .An+1n~ 600V 
1A 1 ".ln 111.1015 PVC 7Rvn '>l:A 3 1n .An+1n,;; 800V 
1.4 ? Ill 1015 PVC 41vn '.)11;;,l 3 ~n .An+1n1: ennv 
12 3.31 UL 1015 PVC ,..,_,. ,.., .. 3 QI;; .An+1n~ Annv 
22 0.33 UL1007 PVC 41x0.254 1 .6 -40+105 300V 
20 0 5 UL1007 PVC 65x0.254 1 8 -40+105 300V 
18 0.8 UL1007 PVC 41x0.254 ? 1 -40+105 300V 
16 1.30 UL1007 PVC 65x0.254 2.4 -40+105 300V 
14 ? UL1007 PVC 41x0.254 ? 7 -40+105 300V 
12 ::l ::l 1 UL1007 PVC 65x0.254 '< '< -40+105 300V 
20 0.5 H05S-K Silicone 20x0.18 2.52 -50+180 300/500V 
18 0.75 H05S-K Silicone 30x0.18 2.73 -50+180 300/500V 
17 1 H05S-K Silicone 40x0.18 2.91 -50+180 300/500V 
15 1.5 H05S-K s111cone 30x0.254 3.40 -50+180 300/500V 
13 2.5 H05S-K Silicone 50x0.254 4.16 -50+180 300/500V 

QJ 
u 
·s; 
-c 
ra .... 
0 

·.:::: 
C. 
..... 
::::J 
0 

..r::. ..... -~ 
-c 

QJ 
~ 
-c 
0 
E 
QJ 

..c 
C 
ra u 

-c 
C 
ra 

-2!:-
c 
0 
QJ 
u 
C 
ra 

3:! 
::::J 
tlO .... 

.E 
QJ .... 
ra 
"' ..... 
QJ 
QJ 

..r::. 
"' ra ..... 
ra 

-c 
QJ 

"' QJ 
..r::. ..... 
C 
0 

-c 
QJ 

"' ::::J 

"' ~ 
::::J ..... 
ra 

J!! 
v,' 
C 
0 
p 
C. 

·.:::: 
u 
"' QJ 
-c 
v,' 
tlO 
C -~ 
~ 

-c 
v,' 

tî 
::::J 

-c e 
C. .... 
::::J 
0 

'+-
0 
..... 
C 
QJ 

E 
~ e 
C. 

E 
..... 
C 
QJ 
C 
ra 
E .... 
QJ 
C. 

'+-
0 
QJ 

"' ::::J 
ra u 
QJ 
ai 

http://www.ultimheat.com


2-59Cat23-2- www.ultimheat.comContact us

Technical introduction
QJ 
u 

H-10 Comparison of stranded wires used in internai wiring of equipment 
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AWG 
Equivalent in 

mm• Standard lnsulation 

Silicone 

Composition 
(Qty and diameter) 

Outside 
diameter 

Temperature 
range 
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H-11 Relative price comparison to H07-VK (1.5mm 2 wires*) 
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Ratio 

PVC* 
(H05V-K 70°) 

(0.93) 

PVC Silicone 
(H07V-K 70°) (H05S-K) 

1 1.33 

.l'.l *H05V-K is not produced for gauges higher than 1 mm2 • 
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XLPE 300V ETFE 300V FEP 300V 
(UL3398, 150°) (VDE 7994) (VDE 7623) 

1.34 2.30 2,62 

Rated voltage 

FEP 600V 
(VDE7997) 

3,20 
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H-12 Zero halogen and flame retardant cables and wires insulation 

- Two halogens, ch lori ne and fluorine, are extensively used in compounds for insulating electrical wires. Halogenaled compounds are 
normally very stable. When they burn, however, the halogens separate and become highly reactive, forming very taxie, extremely 
dangerous and corrosive gases that can significantly damage organic, inorganic and metallic materials, animais and humans. 
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- Additives are added to these plastics to prevent, delay or li mit their ignition. They are regulated by Iwo different sets of standards: ~ 
lhose that govern the design of the components in electrical equipment, to prevent them catching fire (Self-extinguishing) and those that _ê 
govern the design of the products used in the building or transportation to delay the spread of fire (flame retardants ). . ..... 
Note: halogen being excellent additives in plastics to make them self-extinguishing, some cables made with halogen-free materials §: 
(XLPE, Silicone) can have a significant content of them in low price self-extinguishing versions. al 

Standards 

Self-
extinguishing 

(UL94) 

Flame retardant 
(U L 1581-section 

1080) 
(Equivalent to 

IEC 60332-1-2) 

Halogen free 
(IEC 60754) 

PVC 

UL94-VO without 
need of additives 

UL VW-1 

22to29% 
Chlorine 

XLPE 

UL94-V0 
(Sorne UL94-V0 grades 
may contain 7 to 17% of 

halogenated flame 
retardant) 

UL VW-1 

Silicone 

UL94-HB to HL94-V0 
(Sorne UL94-V0 grades 
may contain 7 to 17% of 

halogenated flame 
retardant) 

UL VW-1 
+ High ignition point 

+ ln case offire forms an 
insulating layer SiO2 

ETFE (Tefzel) 

UL94-VO without 
need of additives 

UL VW-1 

59% Fluorine 

FEP 

UL94-VO without 
need of additives 

UL VW-1 

62-78% Fluorine 
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"' UL 94, Flammability of Plastic Materials for Parts in Devices and Appliances. 2 

The standard classifies plastics according to how they burn in various orientations and thicknesses. From lowest (least flame-retardant) -{g 
to highest (most flame-retardant), the classifications are: 
HB: slow burning on a horizontal specimen; burning rate< 76 mm/min for thickness < 3 mm and burning stops before 100 mm 
V-2 burning stops within 30 seconds on a vertical specimen; drips of flaming partiel es are allowed. 
V-1: burning stops within 30 seconds on a vertical specimen; drips of particles allowed as long as they are not inflamed. 
V-0: burning stops within 10 seconds on a vertical specimen; drips of particles allowed as long as they are not inflamed. 
5VB: burning stops within 60 seconds on a vertical specimen; no drips allowed; plaque specimens may develop a hale. 
5VA: burning stops within 60 seconds on a vertical specimen; no drips allowed; plaque specimens may no! develop a hale 

VW-1 Vertical-Wire Flame Test (UL 1581) 
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This is a small-scale test conducted on a single 24-inch length of wire. The fla me source is a Bunsen burner. The fla me is applied for 15 
seconds and is then reapplied 4 more times each lime the wire ceases to burn. If the sample burns longer than 60 seconds after any 
application, or if the paper indicator flag or cation balling is ignited du ring the test, the cab le fa ils the test. The CSA (Canadian Standards "'­
Association) FT-1 test is very similar. § 
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IEC 60754 Tests On Gases Evolved Du ring Combustion Of Materials From Cables .g-
~~!l~g~~t=~~i~~~fvne~f a~~~~~t ~~ :it'i;~: r~c;i~geai! ~~~\~~~~ ~:~~~~~:~~~~~ ~~~ites~~u~~;~~d o;~~~e::!~r~~~~sae~~: ~~~?i:~~bch loric ~ 
or hydrofluoric acid. -c 
The level of hydrochloric or hydrofluoric acid measured in the test solution must be less than 5 mg/g. ~ 
Part 2: Determination of degree of acidity of gases for materials by measuring pH and conductivity. c 
- Gases produced after 30 minutes burn lime are captured, absorbed into a test solution and analysed for pH and conductivity. '§: 

~ The pH value of the test solution should not be less than 4.3. -c 
The conductivity value of the test solution should not exceed 10 µS/mm. 
For a cable to be classified as halogen free, it must pass bath parts of IEC 60754. 
Note: Other similar standards can be used for testing halogen in cables, NF C 32-070, test C1. 

IEC 61034-2 Measurement of smoke density of cab les burning under defined conditions. 
A minimum light transmission value, expressed as a percentage light transmittance, is recorded du ring a fire in a 3 m3 area. 
The recommended minimum light transmission value is greater than 60%. 
Note: NF C 32-073 is equivalent to IEC 61034-2 
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H-13 Temperature rise of an electrical wire vs electrical 
intensity and ambient temperature 

. g According to the International Electrotechnical Commission, the (continuous) current-carrying capacity, (Ampacity in US) "is the 
o.. maximum value of electric current which can be carried continuously by a conductor, a device or an apparatus, under specified conditions 
~ without its steady-state temperature exceeding a specified value". (IEV-826-11-13).The specified value is the maximum temperature 
_g printed on wire insulations or specified on their data sheets . 
..., ln the internai wiring of appliances, the temperature the wire will reach is the result of its self-heating by Joule effect, the internai 
"§: temperature of the device where the driver is located, and cooling due to eventual convection currents. 
~ The maximum acceptable internai temperature of the finished equipment is a parameter determined by the integrator, usually based on 
~ Standards requirements. 
15 The wire gauge and its type of insulation choice will be the consequences of this maximum allowable temperature. 
E The informational table below gives the overheating of single wires depending on the intensity, the gauge, the insulation style and ambient 
w temperature. lt is intended to be a preliminary selection guide. When the cables are wired in beams, intensity reduction coefficients must 
~ be applied. lt is possible for it to use those recommended by EN60204-1 (1998) standard, for installation type E: 
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Amps reduction coefficient based on the 
number of circuits with load 

2 1 4 1 6 1 9 

0.88 1 0.77 1 0.73 1 0.72 

PVC insulation XLPE insulation 

oc "C 

30 30 

2.0 20 

10 10 

0 0 
0 2 4 6 8 ilO 12 A 10 2 4 ,fj, 8 

Silicone insulation FEP insulation 

il(: C - ·0.5mm2 

30 3,0 - 0.75mml! 
- 1mm'l! 

20 2.0 

10 1.,, 
Q 0 
0 2 ,4 6 8 111 12 A ,o, 2 4!, 6 8 

H14 Earthing ru les requested by standards 

111 12 A 

110 12 A 

i ihhee~~ !r:ir~~t~ ~~~~~~~eE~b~6g3a~k~~s5~:~~~~~~r:~rthing devices. They all aim to ensure the safety of people. The most important of 

e 1-AII parts of the earthing terminal intended for the connection of external conductors shall be such that there is no risk of corrosion 
!:- resulting from contact between these parts and the copper of the earthing conductor or any other metal in contact with these parts. Parts 
~ providing earthing continuity, shall be of metal having adequate resistance to corrosion. If these parts are of steel, they shall be provided 

..... at the essential areas with an electroplated coating having a thickness of at least5 microns. Parts of copper or copper alloys containing at 
~ least 58 % copper for parts that are worked cold, and at least 50 % copper for other parts, and parts of stainless steel containing at least 
fü 13 % chrome are considered to be sufficiently resistant to corrosion. 
E 2-The voltage drop between the earthing terminal of the appliance or the earthing contact of the appliance in let and the accessible metal 
~ partis measured. The resistance calculated from the current and this voltage drop shall not exceed 0.1 Ohm. 
e 3-Thread-cutting (self-tapping) screws and thread rolling screws shall only be used for electrical connections if they generate a full form 
o.. standard machine screw thread. However, thread-cutting (self-tapping) screws shall not be used if they are likely to be operated by the 
E user or installer. 
1= 4-At least two screws must be used for each connection providing earthing continuity unless the screw forms a thread having a length of at 
~ least half the diameter of the screw. 
ra 5-Screws and nuts shall be secured against loosening if they make electrical connections or connections providing earthing continuity. 
E Spring washers, Iock washers and crown type locks as part of the screw head are means that may provide satisfactory security 
~ 6-Terminals for the connection of external equipotential bonding conductors shall allow the connection of conductors having nominal 
'ë cross-sectional areas of 2.5 mm2 to 6 mm2 and shall not be used to provide earthing continuity between different parts of the appliance. lt 
w shall not be possible to loosen the conductors without the aid of a tool. 
~ 7-Electrical connections and connections providing earthing continuity shall be constructed so that contact pressure is not transmitted 
~ through insulating material that is liable to shrink or to distort unless there is sufficient resiliency in the metallic parts to compensate for 
~ any possible shrinkage or distortion of the insulating material. Ceramic material is not liable to shrink or to distort. 
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H-15 Earthing terminais of heaters 

Ali earthing terminais are in stainless steel and were designed to meet the specifications above. ln particular, they are provided with 
stainless steel screws and spring washers, and have a sufficient thread length. To ensure additional safety conditions, logically deduced 
from the spirit of the standard, the fixing by spot welds has al least Iwo distinct and separate points. 
Earthing screws lightening torques: M4: 1.2 Nm, M5: 2 Nm. 

Type 

Thread 

Fixing 

Features 

Terminal 
resistance 
measured 

under 
screw 
head 

._ ~ TT - 1 • • 1 

- L· I 
-· - .~;.;:r::::r---,- -:::::::::::::: 
" 11 ~ , >rn I 
, .. ! .~: ... , , . 1 -. - , 

1- 1. L'r.-11 1 

J~■ , -

M4 

2 welding spots 

Can be used for 
earthing or for wall 
mounting. 11 mm 
height allows ils 
use with 10mm 

thickness 
insulation foam. 
Mounting on fiat 

part of tank. Il has 
2 hales for precise 

positioning on 
protruding studs. 

Can be used on all 
tank diameters 

1.3 milliohm 

-. ::: i.11 11 _ .•:.'n1i'l1 

! ;,.11_..f~~ ' 
- - ~•4 i.aud 

M4 

2 welding spots 

Can be used for 
earthing or for wall 

mounting. 7mm 
height allows ils 

use with 5 or 6mm 
thickness 

insulation foam. 
Mounting on fiai 

part of tank. lt has 
2 hales for precise 

positioning on 
protruding studs. 

Can be used on all 
tank diameters 

0.7 milliohm 

~ : 1 

L ,1··•,. : 11u,· 
1:.= .!: ni 1 ' -~ -·- -·-- [ . ~ ... u+ ·.,· 

' 1 

•.:• Il ·: 11 ·. , 

M4 

2 welding spots 

Can be used for 
earthing or for wall 

mounting. 7mm 
height allows ils 

use with 5 or 6mm 
thickness 

insulation foam. 
Mounting on fiat 

part of tank. Il has 
2 hales for precise 

positioning on 
protruding studs. 

Can be used on all 
tank diameters 

1.2 milliohm 

M5 

2 welding spots 

Can be used for 
earthing or for wall 

mounting. 7mm 
height allows ils 

use with 5 or 6mm 
lhickness 

insulation foam. 
Mounting on fiat 

part of tank. Il has 
2 hales for precise 

positioning on 
protruding studs. 

Can be used on all 
tank diameters 

0.6 milliohm 

M5 

3 welding spots 

Il has a hook and a 
M5 thread for 
mounting s 

stainless steel 
mechanical 

protection caver 
on heating 

element 
terminais. Must 

be mounted on the 
flange with tubular 

heater outputs. 
Can be used on 
dia 100,125 and 

150mm 

0.4 milliohm 

H-16 Cover for wiring mechanical protection 

0 9.2mm 05.2mm 

1 

36mm 

1 

• • 

•oooo LI 00000 

CJ 
4.5mm 10mm 

M5 

3 welding spots 

Il has a hook and a 
M5 lhread for 

mounting s 
stainless steel 

mechanical 
protection caver 

on heating 
element 

terminais. Must be 
mounled on the 

flange with tubular 
heater outputs. 
lt has 2 hales for 

precise 
positioning on 

protruding studs. 
Can be used on 
dia 100,125 and 

150mm 

0.4 milliohm 

To protect the electrical terminais against shocks, a stainless steel caver may optionally be mounted on the output flange. Il is fixed by a 
screw and a hook in the ground terminal. Il does not provide protection against water drops. 
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I-Control and safety devices 
1-1 Electronic temperature controllers, thermostats, 

temperature limiters, thermal cutouts 
·g_ These components meet different functions, and provide additional safety levels . 
..., Their combinations are multiple and usually left to the choice of the integrator, as well as their set points. 
~ Their positioning inside the heaters of this catalogue, is decided, by testing in the most adverse conditions to provide the best reaction . 
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- Electronic temperature controllers: 
They are intended to control the tempe rature of liquid flowing in the heating loop. The point where they 
measure the temperature is usually located near the liquid outlet after reheating or sometimes in a 
location of the circuit located outside the heater. 
They can contrai the heating in one, Iwo, or sometimes three power stages. 
They are sometimes equipped with a high temperature alarm. 
These components are usually not incorporated into the body of the heater, but a pocket is usually 
provided for mounting the temperature sensor 

- Adjustable bulb and capillary thermostats: They are intended to control the temperature of liquid 
circulating in the heating loop. The place where they sense the temperature is usually located nearthe 
liquid outlet. They have no specific action if for some reason the temperature they control is exceeded due 
to failure of the unit. These components can be on request incorporaled into the connection box of the 
heater, and a pocket is usually provided for mounting their bulb. 
ln domestic appliance applications like storage water heaters, the thermostat is usually set so that the 
tempe rature of the water inside the tank is around 60°C, to redu ce the risk of limestone deposit, and burn 
wounds, and in drinking water applications, to avoid bacteriological growth(legionella). 
For domestic water heaters, the maximum set temperature cannot exceed 80°C . 

Dise thermostat temperature limiters: they are intended to detect a high liquid temperature in the heater . 
Therefore they are positioned al the top, but where il is not likely to be an air pocket. They are mounted on 
the external wall of the tank. They will trig at a factory preset value, in response to a temperature increase 
of the wall. They will automatically reset when temperature drop. 
We recommend protecting these thermostats against water ingress by a silicone cap or an epoxy potting, 
that also prevent accidentai hand contact with live terminais. 
ln devices oflhis catalog, we favorthermostats wilh cables soldered to the terminais, allowing to achieve 
a good seal. 
Dise thermostat manual reset temperature limiters: they are intended to detect an ab normal high liquid 
tempe rature in the heater. Therefore, like the automatic reset models, they are positioned at the top, 
where it is not likely to be an air pocket. They are mounted on the external wall of the tank. They will trig al 
a preset value, in response to an abnormal temperature increase when the flow decrease or stop, and 
when the temperature control device has failed. They are usually single pole but 2 poles and 3 poles exist. 
When triggered, it is possible to reset the using a button located between the Iwo electrical terminais. 
Access to this button must be protected, because il is possible to touch live terminal with fingers. 
We recommend protecting these thermostats against water ingress by a silicone cap or an epoxy potting, 
that also prevent accidentai hand contact with live terminais. Silicone caps that we have developed allow 
manual reset wilhout need to remove !hem. 
ln devices ofthis catalog, we favorthermostats with cables soldered to the terminais, allowing to achieve 
a good seal. 

- Bulb and capillary temperature limiters: they are intended to detect an abnormal high liquid temperature in 
the heater. Therefore they are positioned al the top, but where il is not likely to be an air pocket. Their sensor 
must be mounted in a pocket. The electrical body can be mounted inside the connection box. They have only 
a ma nuai reset action. They are fail-safe, this means that they will trig if their bulb or capillary leaks or is 
broken. They will trigger al a preset value, in response to an ab normal temperature increase when the flow 
decreases or stops, and when the temperature contrai device has failed. 
They are not normally included in the heaters of this catalogue, but can be installed on request 

Thermal cul outs (TCO): They are intended to cul off the heating element power supply when dry run occurs. 
They are usually positioned in a pocket near the tubular heater which emerges first of the liquid. 
They can also be incorporated inside the sheathed tubular heater cold zone. Their response lime must be 
short enough that the heater power is turned off before the risk of fire. 
They cannot be reset and must be replaced when they have triggered . 
This thermal eut out is mandatory in some domestic product safety standards, such as EN60335-2-xx. 

a. Note on manu al reset thermostats and fuslble thermal eut out 
0 These devices are prescribed by safety standards, usually in the EN60335-2-xx se ries, which the integrator must refer according toits application. Eg 
QJ EN 60335-2-21 (related to storage water heaters) specify, in§ 24.101: Thermal eut-outs shall be non-self-resetting. They shall have a trip-free switching 
~ mechanism or be located so that they can only be reset after removal of a non-detachable cover. 
~ The same standard also specify in §24.102: The operating temperature of the thermal eut-out of a closed water heater shall ensure that the water 
~ temperature cannot exceed 99 °Cor that the thermal eut-out operates before ils temperature exceeds 110°C 
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1-2 Temperature sensors 

Temperature sensor locations 
Liquid heaters can be equipped with temperature sensors. They are not normally included in the heaters, but may be installed on 
demand. 
Depending on the type of temperature sensor, and its use, the diameter and the position of the thermowell will be different. 

The sensor can be used: 
- To sense the cold in let temperature, then it is close to the in let fitting 
- To sense the hot outlet temperature, then it is close to the outlet fitting. 
Sorne electronic contrais measure both temperatures to calculate the instantaneous power by simultaneously measuring the liquid flow. 
We have developed "add-on" nipples with sensor thermowells for mounting on existing heaters. 
This solution is however more costly than the incorporation of thermowells in the body of the heater du ring ils production assembly. 
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Comparison of different types of temperature sensors in the normal operating temperature range of liquid heaters 
(between 0 and 120°C). 

Features Thermocouple (J, K, E) RTD (Pt100, Pt1000) Thermistor (NTC) 

lnterchangeabilitv Good Excellent Poor to fair 
Usual orobe diameters 2 to 6mm 4 to 6mm 4 to 6mm 

Long term stability Fair Good Poor 
Accuracv Poor in the ranoe 20-1 oo•c Hioh to excellent Medium 

Repeatability Poor in the ranqe 20-1 oo•c Excellent Fair to aood 
Simplicity of output signal Complicated conversion Medium Easy 
conversion to electronic 

Response time Medium to fast (upon diameter) Medium Medium to 
fast (uoon diameter) 

Linearitv Fair Excellent Poor 
Self heating No Very low to low High 

Lead effect Special compensated Pt100: 3 wire connection is Low (connection with 
on measurement wires are needed recommended.Pt1000: 2 wires are enough 2 wires only) 

Low in class B Low to very low upon 
Cost Low Medium in class B requested accuracy 

and interchangeability 
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1-3 Flow switches 

Magnetic miniature flow switch 

Magnetic flow switch with built-in power relay 

Magnetic flow switch mounting kit for liquid heater 

Magnetic flow switch with buit-in power relay 
mounting kit, for liquid heater 

e Flow switches: These devices are preset to open a contact when the flow in the circuit drops below a critical value, for example as a 
~ result of locked or of failure of the external circulation pump. 
::::i Opening of lhis contact switches off the heating elements. These devices corne in Iwo forms: with a paddle controlling a micro-switch 
~ (system requiring a flexible gasket between the paddle and the switch), or with a paddle controlling a reed switch by the action of a 
~ magne! (Through wall detection, without need of a gasket) 
c These devices are usually mounted on a 3/4 "fitting, with gasket seal. 
~ Although manufacturing the Iwo types of flow switches, for applications in heaters, we prefer to use magnetic flow switches, because 
~ they do no! have through-wall mechanism, avoiding in this way the most corn mon source of leaks in medium temperature applications 
e and relatively high pressure. 
o.. ln general, the models using a reed switch and magne! have limiled switching rating of less !han one amp and less !han 20W, and need a 
E power relay to operate the power circuit. 
1= ln some models, the power relay is incorporated in the sensor head and allows switching up to 16A 250V (SPOT) 
~ Flow switches are no! part of the normal equipment of heaters of lhis cala log, but can be added by use of tees with flow switches that can 
ra be screwed upstream of the heater on the in let filting. (see accessories al end of lhis catalogue) 
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J- Thermal insulation 

J-1 Thermal insulation Foams 

As ail the components of a heating circuit, heaters dissipate a part of their energy in heat exchange with the environ ment. The thermal 
insulation is intended to li mit the lasses that affect the circuit performance. 
Most of applications of heaters of this catalogue, especially when mounted in air conditioning circuits, bring additional constraints to 
ensure their safe operation and longevity. 
These are in particular: 
- Flexibility allowing them to wrap around the tanks. 
-A long-term low shrinkage rate at temperatures up to 80°C to prevent the insulation is torn by thermal shrinkage. 
- Temperature resistance to avoid their auto-ignition during overheat when dry running on devices with thermal fuse (Test show the 
continuous temperature resistance must be greater than 105°C). 
- They must resist to condensation (liquid water), which occurs when installed in a reversible heat pump refrigerant circuit which can be 
cold du ring hot season. (This requests closed cells foams with less than 7% water porosity) 
-An active chlorine content below 10 ppm to prevent corrosion under insulation of stainless steel tanks. 
There are two types of flexible closed cell foam insulation used in the heater insulation meeting these specifications. NBR-PVC foam and 
EPDM foam 
Both foams are flexible, closed cell type and have a good temperature resistance. 
There are many other types of closed cell foams, but some are not flexible (phenolic, PIR, PUR) or do not have a sufficient temperature 
resistance (neoprene, polystyrene, polyethylene). Sorne have a superior thermal performance, but at a cost which is not compatible with 
the applications of these products (Silicones foams, from -70 to + 200°C, Viton foam, -25 to + 200°C) 

J-2 Comparison of main technical specs of both foams 

NBR-PVC High temperature EPDM foam 

Thermal conductivity at 50°C upon ~0.043 0.038 to 0.042 
EN 12667 or EN ISO 8497 (W/m.k) 

Specific gravity (Kg/ m3) 55-95 (average 75 60-120 (average 100) 

High temperature blends: -50+125°C 

Service temp range (°C) -40+105°C (-40°F + 220°F) 
(-58+260 °F) 

Standard temperature blends: -50+90°C 
(-58+194 °F) 

Low Temperature flexibility limits Flexible down to -30°C (-20°F) Flexible down to -55°C (-70°F). 

Shrinkage at elevated temperatures ~6%, 7 days at 105°C (220°F) ~6%, 7 days at 105°C (220°F) 

Flame retardant class of 
UL94-HF1 UL94-HBF not-foamed raw material (UL94) 

"Euro Class" Fire Resistance upon 
Building fire classification Class E= Combustible Class E= Combustible 

EN13501-1 (European Directive 89/106/EEC) 
EN13501-1 (European Directive 89/106/EEC) 

Tensile strenght (Kpa) ?:345 ?:400 

Water Absorption Rate(%) ~7% ~5% 

Resistant to moisture and excellent Resistant to moisture and excellent water 
water resistance. resistance. 

Not recommended on heaters where Not recommended on heaters where water 
water will drop, because continuous will drop, because continuous exposure to 

exposure to water over a long period of water over a long period of time will result in 
Water resistance time will result in water intrusion into the water intrusion into the closed cell structure 

closed cell structure and the eventual and the eventual collapse of the cells, 
collapse of the ce lis, resulting in resulting in degradation of the thermal 

degradation of the thermal conductivity conductivity property of the product. 
property of the product. 

UV resistance UV-resistant More UV-resistant than NBR. 

Chloride content< 1 0ppm Chloride content< 1 0ppm 
When used on austenitic stainless steel When used on austenitic stainless steel at 
at permanent temperature above 80°C permanent temperature above 80°C 

Corrosion initiation (180°F), in wet conditions, it is (180°F), in wet conditions, it is 
recommended that the stainless steel recommended that the stainless steel be 

be protected with a corrosion protected with a corrosion resistance 
resistance coating. coating. 

CFC-free with zero ozone-depleting. CFC-free with zero ozone-depleting. Rohs 
Environmental compliance Rohs corn pliant. corn pliant. 
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J-3 Surface protection of thermal insulation foams 

~ This protection, optional on devices, is adhesive and glued on the smooth surface of the insulating foam. lt consists of a 0.1 mm glass fi ber 
o fabric thickness coated with a 7 micron aluminum film. 
·g_ lt provides the following advantages, by order of importance in the application: 
~ - Good temperature resistance slowing the spread of fla mes (fire barrier) 
o -Air incarne barrier, limiting oxygen intake du ring ignition, thus limiting inflammation speed. 

-:E - Mechanical protection against tearing due to foam thermal shrinkages 
"§: - Protection against ingress of liquid water (drops only) 
~ - Mechanical protection against tearing du ring installation and handling 
~ - Protection against penetration of water vapor 
-c - lmproved thermal insulation 
~ Temperature resistance of fiberglass: 550°C 
w Temperature resistant aluminized film 120°C (permanent), 140 ° C (one hour) 

..c Adhesive layer max temperature: 150°C (permanent) 
~ See below comparison of the foam ignition lime belween protecled and unprotected foam (ldentical testing conditions). 
u 

"C 
C 
ro 
~ 
C 
0 

J-4 Testing reports of insulation foams critical 
features in heater applications 

~ To effectively characterize the behavior of insulating foams in heater applications, we conducted trials involving flammability according 
~ to the thickness, water absorption, shrinkage after temperature rise, the insulating performance. 
~ The increase in mass after immersion provides an overview of the percentage of closed cells which are open. 
o.o Changes in size outlines the risk of tearing the insulation and ils loss of efficiency, in normal operation, and after an abnormal 
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Weight increase as a function of the thickness, after 8 days immersion in water, new condition. 

Change in weight Change in weight Change in weight after Change in weight Change in weight after 

after immersion after immersion immersion (immersed after immersion immersion (immersed 
Thickness Material (ambient ( immersed after after 3 hours at 65°C, (immersed after after 3 hours at 120°C, 

temperature) 3 hours at 65°C) one side protected by 3 hours at 120°C) one side protected by 
aluminum foil) aluminum foil) 

5 NBR PVC 31 2% 32 6% 31 9% 31 8% 31 1% 
10 NBR PVC 33 6% 35 2% 33 8% 35 2% 33 3% 
10 EPDM 16 8% 17 3% 17 3% 22 8% 17 5% 
20 NBR PVC 34 5% 35 4% 33 9% 39 1% 36 1% 
25 NBR PVC 37% 39,5% 38,2% 36,5% 34,8% 

Shrinkage as a function of the thickness, after 8 days immersion in water, new condition. 

Change in weight Change in weight Change in weight after Change in weight Change in weight after 

after immersion after immersion immersion (immersed after immersion immersion (immersed 
Thickness Material (ambient (immersed after after 3 hours at 65°C, (immersed after after 3 hours at 120°c, 

temperature) 3 hours at 65°C) one side protected by 3 hours at 120°C) one side protected by 
aluminum foil) aluminum foil) 

5 NBR PVC 0 00% 0 00% 0 00% 0 30% 0 00% 
10 NBR PVC 0 00% 0 00% 0 00% 0 29% 0 29% 
10 EPDM 0 00% 0 00% 0 00% 0 86% 1 14% 
20 NBR PVC 0,00% 0,00% 0,00% 0 00% 0 50% 
25 NBR PVC 0,00% 0,00% 0,00% 0,49% 0,49% 

Smoking temperature and ignition temperature as a function of insulation thickness, with tempe rature rise rate of 10°C/minute . 

Time spent when Temperature of Maximum 
Thickness Material start testing until tank surface temperature Set fire lime. 

Set fire 
thermal insulation when smoke temperature. 

foam smoked. started. reached. 

5 NBR PVC 22 min 32s 305°c 320 °C No fire N/A 
5 NBR PVC+ aluminum foil 22 min 12s 227 °C 316 °C No fire N/A 
10 NBR PVC 21 min 03s 245 °C 320 °C No fire N/A 
10 NBR PVC + aluminum foil 22 min 28s 220 °C 316 °C No fire N/A 
10 EPDM 25 min 15s 240 °C 318 °C No fire N/A 
10 EPDM + aluminum foil 24 min 216 °C 316 °C No fire N/A 
20 NBR PVC 24 min 39s 233°c 317 °C No fire N/A 
20 NBR PVC+ aluminum foil 23 min 45s 219 °C 316 °C No fire N/A 
25 NBR PVC 23 min 33 s 232°c 316 °C No fire N/A 
25 NBR PVC 23 min 25s 196°C 316 °C No fire N/A 
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Temperature drop vs time of a dia. 125mm tank, from 65°C, at 20°C ambient temperature, as a function of insulation thickness (New 
insulation, with and without aluminized fiber glass coating). NBR-PVC and EPDM foams have the same results 
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K- Protection against scaling 

K-1 Anti-Scaling design rules 

·g_ The water hardness 
..., The hardness of water is defined by the total hardness, which corresponds to the presence of calcium and magnesium salts. The more the 
~ water is rich in calcium and magnesium, the more it is considered "hard". Conversely, water with low salts content is called "soft". Thus, 

-:E the importance of calcium (limestone) in water is the main criterion determining the hardness of the water. 
"§: The total hardness, TH is expressed in degrees, each degree determined by the formula: 1 degree (0 f) = 4 mg/I of calcium or 2.43 mg/I of 
-c magnesium, or 10 mg/I of limestone 
~ The waters are classified according to their TH: 
-c 0-6 degrees = very soft water 
0 6 to 15 degrees = soft water 
~ 15 to 30 degrees = moderately hard water 

..c > 30 degrees = hard water 
C 

~ Deposits 
~ These deposits commonly called tartar or lime, are the result of the change, under the affect of heat, of soluble bicarbonate salts dissolved 
ra in water, which decompose to form calcium carbonate and insoluble magnesium. The warmer the water is, the larger the deposits are. 
~ 

§ There are two scenarios in the use of heaters: 
~ - Use in a closed loop: the same liquid is successively heated (in the heater) and cooled (in the application). This is the case for example 
~ of the central heating circuit, in which the tubular heaters will calcify very little des pite the temperature, as there is no water renewing, the 

3:! deposit will stop itself when all CaCO3 content is deposed. For example, a heating circuit comprising a cubic meter of water with a 15° TH 
So will deposit a maximum of 10 grams of calcium carbonate. 
.... The temperature of the water is no! an important parameter in these applications . 
.E - Open loop application 
~ Part of the minerais in the water agglomerate when passing on the heating elements. The amount that is deposited is a function of flow 
~ rate, water hardness and temperature. The hardness is a local water parameter, as well as the relative percentage of calcium and 
tiÎ magnesium, and therefore it is no! possible to provide the weight of deposit nor, consequently, the possible du ration of use of a heater. 
jg The formation of scale on the heating elements reduces the heat transfer. When the thickening of the deposits increases, the heat 
v, exchange of the tubular heater with the water decreases and the water is less heated, but in return the internai temperature of the tubular 
19 heater increases because it cannot dissipate its heat. The consequence is that the internai temperature of the embedded nickel chrome 
.{g heating wire in the magnesia reaches 900°C, and then chemical reactions between this wire and iron particles inside the magnesia cause 
~ its rapid destruction. 

_:g ln these applications, water temperature is a critical parameter related to the product life span . 
..., Note: use of magnesium anodes or imposed current titanium electrodes has no affect on the scaling 
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K-2 Scaling deposit vs temperature 
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This figure shows the estimated percentage of minerai salts diluted in the circulating water that will deposit in contact with the hot walls 
of the tubular heater. 
One can see that the temperature range 60-65°C is the critical area where deposits start to increase. 
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L-Protection against corrosion 
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L-1 Design rules against metal corrosion 
0 Corrosion of stainless steels. 
"§_ Corrosion/oxidation is the deterioration of essential properties in a metal, due to reactions with its surroundings. ln the most corn mon 
..., usage of the word, this means a loss of an electron of metal reacting with either water or electrolytic reaction. 
~ Despite their name, stainless steels can be susceptible to corrosion. Raw material manufacturers provide for this technical data sheets 

-:E with effect of temperature conditions of use, as well as liquid and concentrations that alloys can withstand without corrosion. However, 
"§: this technical information is for raw materials, which have not been subjected to mechanical or thermal processing and have not been 
-c contaminated by the transformation process. 
~ Du ring the manufacturing process, the "stainless" raw materials will undergo a number of transformations. lt is changes occurred du ring 
-c these transformations that will be the most critical, and initiate corrosion conditions, rather than the grade of the material used. 
o Corrosion is a slow phenomenon rarely observed before the product is delivered, usually not detectable du ring the product incarne 
E reception and du ring the assembly by the integrator, but can cause considerable damage at short to medium term by leakage after 
~ installation. 

~ ~!~~~~~sbsa~~fe~I~~ ihf:o~:~~f :~li~~ ~~f~~ ~~.~t:!~ii~~ ~l~\.~i;il; ~r:r~•::~h~~~~;ii~~~;=i~~h~~~ii~;(t ~~~7~~il~-~~pc~i~~:.0 ~~geenn;~~;ms a 
-g stainless steel is able to "self heal" itself, it is necessary that a finished product, goes through a process upon the completion of its 
ra manufacturing process. The process is called "passivation" 
~ 

§ There are nine separate types of corrosion, that may have impacts on stainless steel. 
w 1. Crevice Corrosion 
~ This is a corn mon problem with stainless used in seawater applications, because of the low PH of sait water. Chlorides pit the passivated 
~ surface, where the low PH saltwater attacks the exposed metal. Lacking the oxygen to re-passivate, corrosion continues. This corrosion 
::::i is most corn mon in oxygen restricted crevices, such as interstices between 2 parts. 
;:° 2. Pitting (Also see Galvanic Corrosion) . 
.E Stainless that had its passivation penetrated in a small spot becomes anodic, with the passivated part remaining cathodic, causing pit 
~ type corrosion. lt can be initiated by steel or iron particles embedded in the surface du ring the manufacturing process. 
~ 3. lntergranular corrosion. 
tiÎ At high temperature, such as encountered du ring TIG welding, the carbon forms chromium carbide, thus starving adjacent areas of the 
w chrome it needs for its own corrosion protection. 

-{;; 4. Chloride stress corrosion. 
19 Chlorides are probably the single biggest enemy of stainless steel. ln most environments, the PPM are so low that the affects on stainless 
.{g are minimal. ln extrema environments, such as swimming pools, the affects can be extrema and potentially dangerous. 
w 5. Galvanlc Corrosion 
~ Placing 2 dissimilar metals in a electrolyte produces an electrical current. The current flows from the anodic metal and towards the 

-:E cathodic metal, and slowly removes material from the anodic metal. Seawater makes a good electrolyte, and thus, galvanic corrosion is a 
§ corn mon problem in this environment. 
-c 6. Corrosion under lnsulatlon. 
~ Although it is not in direct contact with the liquid flowing into the heater, the outer wall thereof is usually covered with a thermal insulator. 
::::i This thermal insulation can be the cause of corrosion, by the combination of penetration of condensation water, combined with ch lori ne 
~ releases from the insulation. This type of corrosion is possible on the heater in normal use, in particular in air conditioning applications 
.3 involving periods of refrigeration 
ra 7. Selective Leaching 
~ Fluids will remove metal du ring a de-ionization or de-mineralization process. This type of corrosion never happens in standard 
~- applications of heaters of this catalogue. 
o 8. Erosion Corrosion 

·-g_ This corrosion happens when the velocity of an abrasive fluid removes the passivation from a stainless. Stainless steels can operate at 
·5 high flow rates, up to around 40m/s without breakdown of the surface film. Flow rates of greater than 1 m/s are preferred in raw waters and 
l(l greater than 0.6m/s in cleaner waters to avoid deposit build up. 
-c This type of corrosion never happens in standard applications of heaters of this catalogue. 
~ 9. General corrosion 
c This type of corrosion occurs when there is an ove ra li breakdown of the passive film. The entire surface of the metal will show a uniform 
"§: sponge like appearance. This corrosion is the result of contact with highly concentrated halogens (like Fluorine, ch lori ne, bromine). They 
~ penetrate the passive film of stainless and allow corrosion to occur. This type of corrosion never happens in standard applications of 
~- heaters of this catalogue. 
tî -5 Our manufacturing process has been completely analyzed and developed to be sure that any step in the production and assembly does 
e not modify the characteristics of the raw mate rial corrosion resistance 
o.. Moreover, after all the assembly ,immediately before electrical wiring, all heaters are passivated, rinsed with deionized water and dried 
~ to remove any trace of invisible contamination that might have existed. 
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L-2 lntergranular corrosion QJ 
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lntergranular corrosion, is a form of corrosion where the boundaries of crystallites of the mate rial are more susceptible to corrosion than ·.:::: 
their insides. _e 
Stainless steel intergranular corrosion is the result of the precipitation of the Chrome carbide (Cr23C6, Cr7C3) that occurs, after a i5 
certain heat treatment (600-700C), like it happens du ring TIG welding or high temperature brazing. These carbides whose chromium .5 
content is very high (95%), locally deplete the matrix of chromium. lts content may go down to under the 10.5% level, which is the '§: 
minimum to develop the passive layer of stainless steel. Thus, in areas surrounding the carbide, stainless steel loses the ability to be 
resistant to corrosion. These areas, usually located some mm each side of the TIG welding seam (But that can cover the entire heater 
on tanks brazed at high temperature in vacuum ovens), will become more sensible to corrosion and are described as "sensitized". 
However, the precipitation of chromium carbides occurs in austenitic alloys having a percentage of carbon greater than 0.03%. 
lntergranular corrosion, however, can only develop later in these sensitized areas when the environ ment with ch lori ne, chlorides and 
the like. 
304L (X2CrNi18-9 or 1.4307) and 316L (X2CrNiMo17-12-2 or 1.4404) alloys have been developed to li mit this corrosion. (The Lat the 
end means "Low Carbone"). Sorne other alloys have a better resistance, improved by ad ding a few percentage of Titanium, like 316Ti 
(X6CrNiMoTi17-12-2 or 1.4571 ). 
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L-3 Contamination by iron oxides during the process 

15 Du ring the manufacturing process, particles of iron or steel from tool, dies or equipment may become embedded in the stainless steel. If 
0 not avoided during production or not removed, these particles may corrode, produce rust spots and/or contaminate the heater, and initiate 
·;:: pitting corrosion. Passivation will remove free iron from the heater. 
o.. .... 
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L-4 Corrosion by Chlorine and Chlorides 

This corrosion occurs especially when the liquid contains ch lori ne and chlorides. Named chloride stress corrosion, it occurs at places 
where the metal has been subjected to heat or mechanical stress. The susceptibility to this corrosion is usually assessed on the basis of 
chloride content, pH and temperature. 
Heaters in this catalogue have numerous welded seams for fittings and heating elements. They are mostly used to heat water at 

~ temperature between 50 and 80°C, and this water may have unknown additives like glycol, but also sludge with, steel, copper, plastic, 
c zinc particles. Water used is generally tap water. 
~ The following chemical must be considered in the tap water, for their corrosive action: Free ch lori ne and chloride 
-c Free ch lori ne is the most corrosive ingredient. 
~ Free chlorine is the amount of ch lori ne present in water as dissolved gas (CI2), hypochlorous acid (HOCI), and/or hypochlorite ion (OCI-) 
~ that is not combined with ammonia or other compounds in water. 
§ When sodium hypochlorite (NaOCI, also named bleach) is added to water (well water, drinking water, swimming pool water, etc.) to kill 
w bacteria, it will generate: 
~ - Chlorine gas (CI2), a very patent oxidizer (reason it kills bacteria) and therefore high levels of Ch lori ne may accelerate chloride 
ra corrosion of stainless steels. But ch lori ne quickly bubbles out of the solution. 
~ - Hypochlorous acid (HOCI), in various proportions, depending on the pH of the solution 
o.o - Hypochlorite ·1ons (OCI-) ·in var"1ous proporflons, depend·ing also on the pH of the soluflon. lt is aggressive to stainless steels, acting in a 
~ similar way to wet ch lori ne gas. 
w Tap water has usually a free ch lori ne level from 0.2 to 1 mg/litre. (2 to 1 0 ppm). 
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ro Chloride and specially ions Cl-, found in salts of sodium (NaCI), potassium (KCI), and calcium (CaCl2).Pitting and crevice corrosion 
require the presence of chlorides and, for a given chloride level, the more highly alloyed stainless steels are ,the more resistant they are. 
Crevice corrosion tends to occur at lower chloride levels and temperatures than pitting. Such attack is usually localized creviced areas or 
contaminated by iron or iron oxides . 
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No health-based guideline value is proposed for chloride in drinking-water. 
Tap water usually has a chloride level lower than 50 mg/liter (50 ppm), but can reach 250mg/liter in some areas (At this level, tap water is 
"salty"). 

Free Ch lori ne level 

<2ppm 

<5ppm 

L-5 Recommended stainless steel grades vs 
free chlorine and chloride percentage 

Chloride level (ppm), at 

Chloride level (ppm), severe conditions, e.g. very tight crevices, 

Ambient temperature, low pH, high temperatures (80-100°C), low 
flow rates or risk of local concentration of PH>6 
higher chloride levels by deposits or dead 

zones 
<50 ppm 
<250 nnm 

<100oom 
<200ppm 

200-1 000ppm 

Recommended stainless 
steel grade 

(Low carbon for welded 
parts) 

304L,316L 
304L,316L 

316L 
304L 

304L,316L 
316L 

~ Note: The resistance of Alloys 321 to pitting and crevice corrosion in the presence of chloride is similar to that of 304 or 304L stainless 
Vl- steels. 
tî Type 316Lstainless steel is a standard mate rial used in ozone generation and for the handling of the ozonated water streams. 
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L-6 Design ru les against galvanic corrosion, 

also called Bimetallic Corrosion 
ln- line heaters may be subject to a special phenomenon which reduces their lifespan, up to the perforation of the envelope. This is 
galvanic corrosion. 
Galvanic (Bi-Metallic) corrosion is an electrochemical phenomenon that occurs when dissimilar metals are in contact in the presence of 
an electrolyte (e.g. water, sea water). This will cause additional corrosion that can occur with other phenomena and uncoupled metals, 
and its progression is usually much faster. 
A difference of potential appears between the two metals depending on both the metal and the solution. Two metals or Iwo different 
alloys in contact with the same medium generally take two different potentials. If both metals are electrically connected, their difference 
of potential generates electrochemical reactions and an electric current flow. 
The most negative metal (least noble) is positively polarized and the more positive metal is negatively biased. ln the vast majority of 
cases, this configuration is an increase of the corrosion rate of the corrodible metal most (most negative), and a decrease in the rate of 
corrosion of the least corrodible metal (most positive). 
ln in-line heaters, because the risk of water drops and condensation, it is mandatory to avoid this electrical potential as it brings very 
fast corrosion. 
The following metals must be strongly avoided to be in contact with stainless steel, lncolloy or Titanium in wet conditions: Magnesium, 
Aluminum, Cadmium and Zinc (including zinc coated metals). 

Joint conditions necessary for the appearance of a galvanic corrosion couple. 

Galvanic corrosion is a function of several different factors that need to be carefully evaluated when assessing the likelihood to have 
galvanic corrosion. 
The simultaneous requirements for bi-metallic corrosion are as follows: 
- An electrolyte bridging the two metals 
- Electrical contact between the two metals. 
- A difference in potential between the metals to enable a significant galvanic current 
- A sustained cathodic reaction on the more noble of the two metals. 
NB: If the metals are dry, bimetallic (galvanic) corrosion cannot occur. 

Electrolyte 

The conductivity of the electrolyte will also affect the degree of attack. 
When the conductivity of the electrolyte is low, the corrosion is localized to the contact zones between the two metals. 
When the conductivity of the electrolyte increases, the corroded surface increases. 

Electrical contact between metals 
If the electrical contact is prevented between the Iwo metals by interposing an insulator (aluminum oxide, phosphating, paint, oil, 
etc ... ), the current does not run and there is no corrosion 

Electrical potential difference between metals 

The higher the value, the greater the electromotive force of the phenomenon. A difference of hundreds of millivolts is likely to result in 
galvanic corrosion, but a 200-300mV difference is unlikely to be a problem. 
The galvanic corrosion potentials of various metals and alloys are listed in a table which gives the metal electrical potential values and 
are usually measured with respect to the Standard Calomel Electrode (S.C.E)"Anodic" metals such as magnesium, zinc and aluminum 
are more easily corroded metals !han "cathodic" ones (titanium, silver, gold). 
Corrosion is proportional to the potential difference between two metals. 
The values to be considered are the potentials of the metals and alloys which form the torque with respect to the medium in question. 
These potentials are experimental values and must be distinguished from the standard potentials of thermodynamic tables. 
Experimental potentials are strongly influenced by parameters such as temperature, agitation and ventilation. ln addition, some metals 
can take two different potentials when in the same environ mental conditions according to whether they are active or passive (case of 
stainless steels in contact with sea water, for example). 
These considerations show that il can be difficult to predict trends without the need for experimentation, as many parameters are likely 
to reverse the polarity of some galvanic couples. 

Area ratio of the two metals: the worst case is when a large cathode surface (the most positive mate rial) is electrically connected to a 
small anode surface (metal most negative). The corrosion rate of the most negative metal can be multiplied by 100 or by 1000. 
For instance, the assembly of a dise thermostat aluminum cup (dia 16mm) on a stainless steel tank will cause a quick corrosion of the 
cup if the necessary joint conditions are fulfilled. 

Resistance to corrosion of noble metals- Regardless of its potential, the corrosion resistance of the most noble metal significantly 
influences the behavior of bimetallic couples. If the most noble metal corrodes, ils corrosion products may, by motion, accelerate the 
corrosion of the most corroding metal. If the noble metal couple is not corroding (Gold, Platinum), il will not present a risk of galvanic 
corrosion regardless of the metal that will be associated. 
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L-7 Sorne special cases of bimetallic electrochemical 
couples including stainless steel 

0 Corrosion risks with galvanized steel and stainless steel in contact 
·;:: Galvanized steel in contact with stainless steel is not normally considered to be a serious corrosion risk, except in marine environments. 
_e However, in the heaters of this catalog, all galvanized steel and steel parts have been removed, and screws, washers, tubular heaters 
~ connectors are in stainless steel 

..c: .... -~ 
-c Galvanic corrosion between stainless steel and aluminum 
~ The corrosion potentials of the stainless steels are "cathodics" and located in the "noble" area. The corrosion potentials of aluminum are 
-c "Anodic" and located in the "non-noble" area, with a large potential difference. This means that there will be no galvanic corrosion on 
0 stainless steel when placed in contact with aluminum while aluminum will corrode. 
E Although aluminum is anodic to stainless steel, large relative surface areas of aluminum to stainless steel can be acceptable, depending 
~ on local conditions. 
~ Stainless steel fasteners in aluminum plates or sheets are normally considered safe, whereas aluminum rivets or bolts holding stainless 
u steel parts together is an unwise combination, as there is a practical risk of corrosion. 
-g Even with no insulation between the metals, there should be little risk of corrosion, in continental weather conditions. 
ra ln contrast, in a marine environ ment, severe localized pitting corrosion to the aluminum treads has been observed where un-insulated 
1 stainless steel bolts were used to secure the treads in place. 
o On the same ladder however, bolts with sound insulating washers did not show any pitting on the surrounding aluminum. 
QJ 
~ Mechanical methods of reducing galvanic corrosion between aluminum and stainless steel 
ra - lsolating the two materials by means of an electrical insulating material, like plastic, wherever practical 
~ - Avoid relatively small areas of the less noble metal (Aluminum) and large areas of the more noble metal (Stainless steel). 
;:° - The same metal or more noble (Cathodic, higher number in the table) should be used for small fasteners and bolts . 
.E -Avoid crevices in stainless steel: ln the presence of crevices, stainless steels may feature less noble potentials due to oxygen depletion 
~ within the crevice. Therefore, coupling a relatively large aluminum area with a small creviced area of a stainless steel part may result in 
ra rapid attack of the mate rial within the crevice leading to stainless steel corrosion. 
,l'.l - Exclude electrolyte from around the bimetallic junction e.g by painting. Paint bath metals where possible: if impratical, paint the most 
al noble metal 
{;; - Seal: insure that faying surfaces are water-tight. 
,::g - Apply corrosion-inhibiting pastes or compounds under screw heads or bolts inserted into dissimilar metal surfaces whether or not the 
.{g fasteners have been previously plated or otherwise treated. 
w - ln some instances, it may be feasible to apply an organic coating to the faying surfaces prior to assembly. This would be applicable to 
li'.) joints which are not required to be electrically conductive. 

-:E - Where practicatl e or where it wll not interfere with the proposed use of the assembly, the external joint should be coated externally with 
c an effective paint system. 
0 - Avoid threaded joints for materials far apart in the galvanic series 
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L-8 Electrochemical couples of various metals 

Electrochemical couples ofvarious metals, in a 2% saline solution. 
There is no appearance of significant corrosion when the galvanic couple value is less !han 300mV 
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L-9 Corrosion under insulation ~ 
C 

Corrosion under insulation is a localized corrosion occurring at the interface of a metal surface and the insulation on that surface. This can -~ 
~ be a particularly severe form of corrosion occurring beneath insulation and at concealed interfaces. If insulation is to be applied over -c 

austenitic alloy steel where the operating temperature is belween 80°C and 200°C, or in particularly aggressive atmospheres as il may be v,' 

found in marine or coastal areas, il is recommended to apply a stress corrosion barrier before the application of the insulation so as to tî 
prevent stress corrosion. -5 
Il is recommended that the insulation be protected externally by suitable waterproof covering to prevent water ingress. The presence of e 
moisture may lead to the buildup of soluble chlorides which will contribule to corrosion. ~ 
Most thermal insulations will not cause corrosion because of lheir composition, but some foam will. ::::i 

This may happen with foams having chlorinated ingredients in their composition. ~ 
lnsulation foams must have chloride content below 1 0ppm. If water or moisture ingress occurs through the external covering of the ~ 
insulation, the insulation material may actas a collecting media and create an environ ment containing chlorides, moisture and oxygen, c 
transmigrating and concentrating chlorides on hot stainless steel surfaces. If moisture is not present, the chloride sait cannai migrate, E 
and stress corrosion cracking because of chloride contaminaled insulation cannai take place ~ 
See: ASTM C692-05 Standard Test Method for Evaluating the Influence of Thermal lnsulations on External Stress Corrosion Cracking e 
Tendency of Austenitic Stainless Steel. c. 
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L-10 Corrosion aggravating factors 

~ Design mistakes 
.g 1/ Design details where chlorides or iron particles can accumulate, e.g. interstices. 
o.. 2/ Sludge deposit areas .... 
::::, 
0 
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3/ Air dead zones: Interface between liquid and air, because of degassing, air is trapped inside pipe output fittings, or on the top of the 
tank 
4/ Surface finish: Surface roughness Ra must not exceed Ra 0.5 microns . 
When Rais> 1 micron, it will exhibit deep grooves where ch lori ne ions can accumulate and destroy the passive film, thereby initiating 
corrosion. 
5/ Forming design that can create crevices in the raw material 
6/ Contact between materials that can initiate electrolytic corrosion 
7/ lnsulation material that can initiate corrosion under insulation by migration of their chloride content. 

~ 8/ Sandblasting in places where stainless steel is in contact with water 
c Wrong manufacturing process 
~ 9/Welding: not appropriate welding shield gas causing oxides 
-c 10/ Welding seams where chlorides can accumulate, e.g. roots of partial penetration welds. 
~ 11 / Edges effect: burrs on edges and edges contamination by cutting tools can initiate corrosion 
~ 12/ Iron contamination du ring manufacturing and assembly process 
c 13/ Wrong or missing passivation: Passivation solution composition, concentration, temperature and time are critical parameters that 
0 will influence the corrosion resistance QJ 
~ 14/ Wrong cleaning or degreasing. Parts that are not correctly degreased will not be correctly passivated. 
ro 15/ Dirty or wet hands in production: Finger prints may initiate corrosion due to the sweat sait content. 
~ 16/ Undetected crevices caused by metal forming due to dies misalignments. 
o.o Installation mistakes ... 

.E 
QJ ... 
ro 
Vl .... 
QJ 
QJ 

..c: 
Vl 

ro .... 
ro 

"C 
QJ 
Vl 
QJ 

..c: .... 
C 
0 

"C 
QJ 
Vl 
::::, 
Vl 

~ 
::::, .... 
ro 
~ 
Vl' 
c 
0 

·.i::; 
o.. 

ï:::: 
u 
Vl 
QJ 

"C 
Vl' 
0.0 
C -~ 
~ 

"C 
Vl' 

tî 
::::, 

"C e 
o.. ... 
::::, 
0 

'+­
a .... 
C 
QJ 

E 
~ e 
o.. 
E 
.... 
C 
QJ 
C 
ro 
E ... 
QJ 
o.. 

'+­
a 
QJ 
Vl 
::::, 
ro u 
QJ 

CO 

17/ Interface between liquid and air: air is trapped inside because the wrong installation position 
18/ Interface between liquid and air: air is trapped inside because the air bleeder is defective or not enough sensible 
19/ Fresh scratches: they have the same effect than the surface finish. 
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L-11 Summary of the ru les implemented du ring the heaters manufacturing 

operations to prevent the occurrence of corrosion 
Control method, by 

Processing Potential result on corrosion Techniques implemented to avoid statistical sampling or 
operations resistance the risks permanent production 

checking. 

- lnadequate heat treatment during manufacturing 
of rods and tubular blanks can cause inlergranular 

corrosion - Machining with carbide or ceramic tools 
- Machining operations with steel tools can cause - Reducing machining temperature by use of - Raw materials Metallographic Machining the inclusion of iron particles in the parts coolants analysis. - Prohibition of the use of slainless alloys wilh - Storage in covered plastic containers 
sulfur. (The addition of sulfur to stainless steels to 

improve machinability is common). Sulfides can act 
as initiation sites for corrosion. 

Contamination of the raw material by friction on - Purchase of plastic film protected sheets. -Analysis of the contamination by 
Raw material sheets steel or iron is causing deposits of iron particles, - Checking of transport conditions. iron oxides. 

storage which cause pitting corrosion - Storage and handling on plastic pallets - Raw materials composition 
checking 

Stamping 
Contamination of the raw material by friction on - Stamping of plastic film protected parts. -Analysis of the contamination by 
steel or iron is causing deposits of iron particles, - Storage and handling in plastic container iron oxides. 

which cause pitting corrosion 

Contamination of the raw material by friction on 
- Tools and dies in austenitic stainless steel 

Deep drawing and - Plastic film protected parts. -Analysis of the contamination by 
rolling 

steel or iron is causing deposits of iron particles, - Storage and handling in plastic container or iron oxides. 
which cause pitting corrosion stainless steel trolleys 

- Contamination by friction on steel or iron parts is 
-Analysis of the contamination by causing deposits of iron particles, which initiale - Protection by reducing gas on both sides of 

pitling corrosion. the weld. iron oxides. 
- Welding overheating modify the metal structure - Control ofwelding and cooling rates. - Melallographic analysis. 

Soudure TIG and oxidize il - Limitation oftemperature rise. - Temperature and cooling lime 
-The speed ofwelding and cooling limes are critical - Use of austenitic stainless steel or chromed checking. 
parameters to prevent crystallization al the origin of tools and dies. - Corrosion resistance checking of 

the inter-crystalline corrosion welds according to ASTM. 

Tubular heaters Stretching strong pressure cause the deep 
- Carbide stretching rollers 

-Analysis of the contamination by 
stretching inclusion of metallic particles from the rollers iron oxides. 

Airstreams cause the deposition of metal dust - Analysis of the contamination by 

Storage on production coming from the outside, from the building - Protection against dust deposits. iron oxides 

and packaging lines. structure, orfrom areas of the planlwhere are - Daily cleaning ofworkslations and floor - Permanent checking of dust rate 
manufactured steel parts. These dusts can initiale in production workshops and their 

pitting corrosion. rate of ferric parti cl es 

Assembly and hand - Friction on metal tables or hits with hand tools - Dedicated assembly lines, used only for 

causes the inclusion of iron particles. stainless steel parts assembly. - Analysis of the contamination by 
processing operations. - Worktables and tools made in stainless iron oxides 

steel or plastic 

- Friction on metal tables or hits with hand tools 
- Dedicated assembly lines, used only for 

Water leak tests causes the inclusion of iron particles. 
stainless steel parts assembly. - Analysis of the contamination 

- Worktables and tools made in stainless by iron oxides 
- Uncontrolled liquids use can bring oxides or steel or plastic 

metal particles - Use of pure water or controlled liquids 

Sand blasting (This Abrasives are usually grinded by metal wheels. - Prohibition of use of grinded abrasives use. -Abrasive sand screening with 

operation is made only - Verification of contamination of sand by magnetic trap 
Particles from the wear of the wheels can be found - Verification of non-abrasive on specific customer ferric oxides. 

request) 
in the abrasive, sometimes in high percentage. 

- Preferential sandblasting with glass beads. powders contamination by iron 
oxides 

- Friction on melal tables causes the inclusion of iron - Packing tables covered with polyethylene - Checking of iron contamination Packing particles. boards of tables with chemical spray 
- Dust contamination risk if long storage - lndividual packing with plastic film 

- Only 100% stainless steel products are 

Passivation loses ils effectiveness in the following 
passivated. 

- Soldering fillers, copper, steel, brass, tin 
cases: solders are prohibited in the passivation 

Passivation 
- The passivation solution may be contaminated bath. - Passivation chemical checking - The bath temperature may be wrong - pH, temperature and concentration are 
- Passivation lime may be too long or too short continuously monitored with automatic 

- Rinsing can be forgotten measurement devices with visual and audible 
alarm 

- Processing speed is automated. 
- Rinsing is automated 
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L-12 Protection by sacrificial magnesium anodes 

~ ln order to fight against corrosion, especially those affecting the steel and iron tanks and pipes, has been developed a technique using 
.g galvanic couples to protect against corrosion. 
o.. An anode, generally in magnesium is incorporated in the hydraulic circuit so that the electrolysis reaction, which, in presence of water, 

appears spontaneously between the magnesium and the steel walls of the tank, takes place between the most "noble" metal (steel) and 
less "noble "(magnesium). 
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Under the effect of this current, the anode dissolves slowly, magnesium is released and deposits on unprotected metal parts of the tank . 
This anode is called "sacrificial" as it gradually dissolves. This technique is widely used in storage water heater, because for reasons of 
economy, they are made of steel, covered with an anticorrosive enamel layer. This enamel is naturally slightly porous and more, 
frequent variations in temperature cou pied with slightly different expansion coefficients between enamel and metal cause micro-cracks 
of the protective layer in which the metal corrodes and eventually causes leaks. These solutions increase the lifetime, which is however 
limited to that of the anode. 
These electrodes are not needed in heaters inside stainless steel tanks, because the corrosion does not occur, if they are manufactured 
by the ru les of art. 

L-13 Protection by imposed current electrode 

~ To avoid the problem of wear of the magnesium anode, the latter may be replaced by a titanium electrode. The electrochemical reaction is 
~ then produced by a power supply which requires an electric current of a few volts to cause the deposition of certain minerais naturally 

3:! present in water, especially magnesium, on the exposed walls of the vessel and thus protect it. This protection provides the benefits to 
So last intime, but to be effective, it requires a magnesium-rich water, a proper grounding of the tank, and a permanent power supply . 
.._ lts effectiveness will be voici if any of the three is missing . 
.E To overcome the risk associated with the composition of the water,products said"hybrid electrodes have been developed combining 
~ magnesium anode and titanium electrode, but they only prolong the life of the magnesium electrode. 
~ These electrodes are not needed in heaters inside stainless steel tanks, because the corrosion does not occur, if they are manufactured 
tû by the ru les of art. 
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P=UI 

Ohmic 
resistancE 

rohmsl 
1000 
500 
265 
212 
106 
100 
90 

70 5 
52 9 
50 

42 3 
40 

35 3 
30 

26 4 
21 15 

20 
17 6 
13 

10 55 
5 
2 
1 

U=RI I= P/U 

M-Main formula 
M-1 Ohm's law 

U= P/1 I= U/R R= U/1 P= U2/R 

P= Power in watts; U=Voltage in volts; 1 = Rating in Amperes; R= Resistance in Ohms 

M-2 Table of the power in watts of an electrical heater 
versus resistance and voltage across terminais 

Power in Power in Power in Power in Power in Power in Power in 
12V 24V 48V 115V 220V 230V 240V 

0 1 0 6 2 3 13 48 53 58 
0 3 1,2 4,6 26 97 106 115 
0 5 2,2 8 7 50 183 200 217 
0 7 2 7 10 9 62 228 250 272 
1 4 54 21 7 125 457 500 543 
1 4 5,8 23 132 484 529 576 
1,6 6,4 26 147 538 588 640 
2 0 8,2 33 188 687 750 817 
2 7 10,9 44 250 915 1000 1089 
2,9 11,5 46 265 968 1058 1152 
34 13,6 54 313 1144 1250 1362 
3,6 14,4 58 331 1210 1323 1440 
4, 1 16,3 65 375 1371 1500 1632 
4 8 19,2 77 441 1613 1763 1920 
5,5 21,8 87 500 1833 2000 2182 
6,8 27,2 109 625 2288 2500 2723 
7,2 29 115 661 2420 2645 2880 
82 33 131 750 2750 3000 3273 
11, 1 44 177 1000 3723 4000 4431 
13,6 55 218 1254 4588 5000 5460 
29 115 461 2645 9680 10580 11520 
72 288 1152 6613 24200 26450 28800 
144 576 2304 13225 48400 52900 57600 

Power in 
380V 

144 
289 
545 
681 
1362 
1444 
1604 
2048 
2730 
2888 
3414 
3610 
4091 
4813 
5470 
6827 
7220 
8205 
11108 
13687 
28880 
72200 
144400 

R=U 2/P 

Power in 
400V 

160 
320 
600 
755 

1500 
1600 
1778 
2270 
3000 
3200 
3783 
4000 
4533 
5333 
6000 
7565 
8000 
9091 
12308 
15166 
32000 
80000 
160000 
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M-3 Single phase heating element wirings 

Parallel wiring Serial wiring 

u u 
r~) r- -~ 7 r<P> r(P) r(P) 

1 

T r(]P) 1 

1 
... A._..._ ...._ .... _.__._..._ ..... ... _., ..... ..._ -- ....... 

r • • • l ------- Y Y -Y v · V____..-..-..- V V ....- ------- .,. Y....- -.,, Y ------

l~ I L _; L . .·. _J 

v= -
R(P) R<P) 

Heating Quantity of Heating 
Quantity of Total Total element heating Total Total element 
elements (n) resistance (R) power (P) Watt density elements (n) resistance (R) power (P) Watt density 

(w/cm2) (w/cm2) 
2 R = r/2 p = 2p Unchanged 2 R = 2r p = p/2 Divided by4 
3 R = r/3 p = 3p Unchanged 3 R = 3r p = p/3 Divided by 9 
n R = r/n P = np Unchanged n R=Xr p = p/n D1v1ded by n2 

M-4 3 Phase heating element connections 
Delta connection Star connection 

The voltage measured at the heating element terminais 
The voltage measured at the heating element terminais is the 

is the same than the power supply nominal voltage: U= Un power supply nominal voltage divided by ✓3: U= 1. 737 
(if U= 400V, Un=230V) 

Supply 230V, 230V, 400V, 400V, Suppl 230V, 230V, 400V, 400V, voltage 3 phases 3 phases 3 phases 3 phases y voltage 3 phases 3 phases 3 phases 3 phases (U) (U) 

Heating Heating 
element element 
nominal 230V 400V 230V 400V nominal 230V 400V 230V 400V 
voltage voltage 

(Un) (Un) 

Watt density No change in Watt density No change in Watt density Watt density Watt density No change in Watt 
(W /cm2) watt density. is divided by watt density. (W /cm2) is divided by is divided by watt density. density is 

3. 3. 9. divided by 
3. 

Total power Total power is Total power is Total power is Total power Total power is Total power is Total power is Total power 

(P) 3 limes divided by 9. 3 limes (P) 1/3 of total 1 /9 of total 3 limes is 
nominal Il terminal possible possible nominal 1 /3 of total 

power of one is 1/3 of power of one power: it is power. power of one possible 
heating nominal heating the same 1/3 nominal heating power. il is 
element power of one element than one power of one element the same 
(P= 3 p) . heating (P= 3 p) heating heating (P= 3 p) than one 

element element element heating 
(P= p/3). (P=p) (P= p/3) element 

(P=p) 

Comments Solution This This is the Comments Not Not This is the 
Not without any configuration mostcommon recommended recommended most recommended technical can be used configuration. standard 

problem. as the low connection, 
power step in allows the 
a Star/ Delta) same heaters 
connection ta be used 

system. with 400V 
star 

connection or 
230V delta 
connection 

without 
power 

change 
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M-5 Calculation of the power needed to heat liquids 

Use of immersion heaters to raise Using a circulation heater to raise 
the temperature of non-circulating liquid in the temperature of liquid circulating in a 
tanks closed loop in tanks 

P = V x px cp (Tf -Ti)t3600 x t 

P = Power needed in kW 
V= Volume of liquid in m3 

1 -

p = Liquid specific gravity in kgtm3 
cp = Specific heat in kJtkg°C 
Tf = Required final temperature in °C 
Ti= Starting temperature in °C 
t = Required warm up time in hours 

J 
Te 

P = V X p X cp (Tf -Ti)t3600 X t 

P = Power needed in kW 
V= Volume of liquid in m3 
p = Liquid specific gravity in kgtm3 
cp = Specific heat in kJtkg°C 
Tf = Required final temperature in °C 
Ti= Starting temperature in °C 
t = Required warm up lime in hours 

Using a circulation heater to raise the 
temperature of a flow of liquid in a single 
pass 

t--------------

P = Q x px Cp (Ts-Te)t3600 

P = Power needed in kW 
Q = Liquid flow in m3thour 
p = Liquid specific gravity in kgtm3 
cp = Specific heat in kJtkg 0 c 
Ts = Outlet temperature in °c, 
Te= ln let temperature in °C 

M-6 Temperature rise of water in °c per hour/volume/power 
(Theoretical calculation, thermal losses not deducted) 

eirculating flow, temperature difference Storage heater volume, 
Power between in let and outlet water temperature rise 
supply 

0.5L/mi 1L/min 2L/min 3L/min 5L/min 10L/min 100L 200L 300L 500L 1000L (kW) 

AT 0 e AT 0 e AT 0 e AT 0 e AT 0 e AT 0 e AT 0 e/h AT 0 e/h AT •eth AT •eth AT 0 e/h 

29 14 7,2 4,8 2,9 1,4 5,2 2,6 1,7 1,0 0,5 
1,5 43 21 11 7,2 4,3 2, 1 7,7 3,9 2,6 1,5 0,8 
2 57 29 14 10 5,7 2,9 10 5,2 3,4 2, 1 1,0 

2,5 36 18 12 7,2 3,6 13 6,4 4,3 2,6 1,3 
3 43 21 14 8,6 4,3 15 7,7 5,2 3, 1 1,5 

3,5 50 25 17 10 5,0 18 9,0 6,0 3,6 1,8 
4 57 29 19 11 5,7 21 10 6,9 4, 1 2, 1 

4,5 32 21 13 6,4 23 12 7,7 4,6 2,3 
5 36 24 14 7,2 26 13 8,6 5,2 2,6 

5,5 39 26 16 7,9 28 14 9,5 5,7 2,8 
6 43 29 17 8,6 31 15 10 6,2 3, 1 

6,5 47 31 19 9,3 34 17 11 6,7 3,4 
7 50 33 20 10 36 18 12 7,2 3,6 
8 38 23 11 41 21 14 8,2 4, 1 
9 43 26 13 46 23 15 9,3 4,6 
10 29 14 52 26 17 10 5,2 
15 43 21 39 26 15 7,7 
20 52 34 21 10 
30 52 31 15 
40 69 41 21 
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M7- Comparison of temperature rise in °c 
per hour vs power for some liquids and solids 
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Power 
(KW) 

1 
1,5 
2 

2,5 
3 

3,5 
4 

4,5 
5 

5,5 
6 

6,5 
7 
8 
9 
10 
15 
20 
30 
40 

0.1m3 

11 7 
17,6 
23 
29 
35 
41 
47 
53 
59 
65 
70 
76 
82 
94 
106 
117 
176 
235 
352 
470 

Volume of concrete 

0.2m3 0.3m3 0.5m3 1m3 100L 

59 39 23 1 2 11 8 
8,8 5,9 3,5 1,8 17,7 
11 7 78 47 2 3 24 
14,7 98 5,9 2,9 30 
17 6 11 7 70 3 5 35 
20,5 13,7 8,2 4, 1 41 
23 15 7 94 4 7 47 
26 17,6 10,6 5,3 53 
29 19 6 11 7 59 59 
32 21,5 12,9 6,5 65 
35 23 14 1 7 0 71 
38 25 15,3 7,6 77 
41 27 16 4 82 83 
47 31 18 8 94 94 
53 35 21 1 10 6 106 
59 39 23 11 7 118 
88 59 35 17 6 177 
117 78 47 23 ** 
176 117 70 35 ** 
235 157 94 47 ** 

19 **Note: calculation not val id above boiling temperature ra 
"C 

Volume of olive oil 

200L 300L 500L 1000L 100L 

59 3 9 24 1 2 52 
8,9 5,9 3,5 1,8 7,7 
11 8 7 9 47 24 10 
14,8 9,8 5,9 3,0 13 
17 7 11 8 7 1 35 15 
20,7 13,8 8,3 4, 1 18 
24 15 7 94 47 21 
27 17,7 10,6 5,3 23 
30 19 7 11 8 59 26 
32 21,6 13,0 6,5 28 
35 24 14 2 7 1 31 
38 26 15,3 7,7 34 
41 28 16,5 8,3 36 
47 31 18 9 94 41 
53 35 21 2 10 6 46 
59 39 24 11 8 52 
89 59 35 17,7 77 
118 79 47 24 ** 
177 118 71 35 ** 
236 157 94 47 ** 

Volume of water 

200L 300L 500L 1000L 

2 6 1 7 1 0 05 
3,9 2,6 1,5 0,8 
52 34 2 1 1 0 
6,4 4,3 2,6 1,3 
7 7 52 3 1 1 5 
9,0 6,0 3,6 1,8 
10 69 4 1 2 1 
12 7,7 4,6 2,3 
13 86 52 2 6 
14 9,5 5,7 2,8 
15 10 62 3 1 
17 11 6,7 3,4 
18 12 72 36 
21 14 82 4 1 
23 15 9 3 46 
26 17 10 52 
39 26 15 77 
52 34 21 10 
77 52 31 15 
** 69 41 21 

~ M-8 Specific heat (cp, in kJ/kg°C) and specific gravity (p, in Kg/m 3 ) of main liquids 
..c: .... 
§ Specific Heat: The specific heat is the amount of heat required to change a unit mass* of a substance by one degree in temperature. 
-c (*When volume is used, it must be converted in mass with the specific gravity table) 
QJ 
Vl 
::::, 
Vl 

~ 
::::, .... 
ra 
~ 
Vl' 
c 
0 

·.i::; 
o.. 

·;:: 
u 
Vl 
QJ 

"C 
Vl' 
0.0 
C -~ 
~ 

"C 
Vl' 

tî 
::::, 

"C e 
o.. .... 
::::, 
0 

'+­
a .... 
C 
QJ 

E 
~ e 
o.. 
E 
.... 
C 
QJ 
C 
ra 
E .... 
QJ 
o.. 

'+­
a 
QJ 
Vl 
::::, 
ra u 
QJ 

CO 

Liquids 

Acetic acid 
Alcohol, ethyl, 95%,@ o•c (32°F) (ethanol) 

Ammonia, @40°C (104°Fl 
Dowtherm heat transfer fluid 

@ so·c c120°Fl 
Ethylene glycol 25% by volume 

in water, @70°C (160°F) 
Ethylene glycol 30% by volume 

in water, t@ 70°C C160°Fl 
Ethylene glycol 40% by volume 

in water,@ 70°C (160°F) 
Ethylene glycol/water, 50% by volume 

in water@ 70°C (160°F) 
Ethylene glycol, pure, @70°C (160°F) 

Freon R-12 saturated@ so•c (120°F) 

Fuel Oil min. 

Fuel Oil max. 

Gasoline 
Glycerine 

Kerosene 

Milk 

Oil, vegetable 

Olive oil 

Paraffin 
Soya bean oil 

Water, fresh @ 20°c 

Water, sea@ 20°c 

Specific heat (cp) Specific gravity (p) 

SI British/US Metric SI British/US 

kJ/(kg°C) Btu/(lb°F) kcal/(kg°C) kg/m 3 Lb/ft' 

2, 18 0,51 0,51 1048 65,4 
2,3 0,55 0,55 807 50,4 
4 86 1 16 1 16 767 47 9 

1,55 0,37 0,37 944 58,9 

3,93 0,94 0,94 1018 63,5 

3,87 0,925 0,925 1025 64,0 

3,73 0,89 0,89 1038 64,8 

3,56 0,85 0,85 1050 65,5 

2,36 0,56 0,56 1120 69,9 
1,02 0,244 0,244 1310 81,8 

1,67 0,4 0,4 809 50,5 

2,09 0,5 0,5 944 58,9 

2,22 0,53 0,53 673 42,0 

2,43 0,58 0,58 1261 78,7 

2,01 0,48 0,48 809 50,5 

3,93 0,94 0,94 1028 64,2 

1,67 0,4 0,4 921 57,5 

1,97 0,47 0,47 929 58,0 

2, 13 0,51 0,51 897 56,0 
1,97 0,47 0 47 920 57,4 

4, 19 1 1 1000 62,4 
3,93 0,94 0,94 1028 64,2 
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Technical introduction
M-9 Specific heat (cp, in kJ/kg°C) and specific gravity (p, in Kg/m 3 ) of main solids. 

Specific heat (cp) Specific gravity (p) 

Solids SI British/US Metric SI British/US 

kJ/(kg°C) Btu/(lb°F) kcal/(kg°C) kg/m 3 Lb/ft3 

Aluminum (@0°C) 0.87 0.21 0.21 2700 168 

Copper 0.39 0.09 0.09 8920 556 

Brass 0.38 0.09 0.09 7300 - 8800 455- 549 

Steel 0.46 0.11 0.11 7500 - 8100 468- 506 

Concrete 0.75- 0.96 0.18- 0.23 0.18-0.23 2200 - 2500 137-156 

M-10 Water flow for usual liquid heaters 

Domestic Domestic Central • Central • Central Main Spa Main Spa Swimming 
shower, shower, heating heating heating pump, low pump, high pool or 

small large circulation circulation circulation speed speed swimming 
pump, low pump pump spa pump 

speed medium medium 
speed speed 

• Spa heater • Spa heater 
small large 

circulation circulation 
pump pump 

L/min. 2 5 10 20 50 100 250 500 

gallons/min 0.53 1.32 2.64 5.28 13.2 26.4 65.4 132 
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Reference

9SU107A615E00000

9SU107A630E00000

9SU107E615E00E00

9SU107E630E00E00

9SU113A615E00000

9SU113A630E00000

9SU113E615E00E00

9SU113E615E00E00

9SU231A675G00000

9SU231A638G00000

9SU231B675G00E00

9SU231B638G00E00

9SU231C675G00E00

9SU231C638G00E00

9SU231E675G00E00

9SU231E638G00E00

9SU231F675G00000

9SU231F638G00000

9SU231G675G00000

9SU231G638G00000

9SUB31A696G00000

9SUB31A648G00000

9SUB31B696G00E00

9SUB31B648G00E00

9SUB31C696G00E00

9SUB31C648G00E00

9SUB31E696G00E00

9SUB31E648G00E00

9SUB31F696G00000

9SUB31F648G00000

9SUB31G696G00000

9SUB31G648G00000

9SU331A675G11000

9SU331A638G11000

9SU331B675G11E00

9SU331B638G11E00

9SU331C675G11E00

9SU331C638G11E00

9SU331E675G11E00

9SU331E638G11E00

9SU331F675G11000

9SU331F638G11000

Alphabetical list

Reference

9SU331G675G11000

9SU331G638G11000

9SU331A675G11000

9SU331A638G11000

9SU331B675G11E00

9SU331B638G11E00

9SU331C675G11E00

9SU331C638G11E00

9SU331E675G11E00

9SU331E638G11E00

9SU331F675G11000

9SU331F638G11000

9SU331G675G11000

9SU331G638G11000

9SU431A675G11000

9SU431A638G11000

9SU431B675G11E00

9SU431B638G11E00

9SU431C675G11E00

9SU431C638G11E00

9SU431E675G11E00

9SU431E638G11E00

9SU431F675G11000

9SU431F638G11000

9SU431G675G11000

9SU431G638G11000

9SUD31A6B4G11000

9SUD31A657G11000

9SUD31B6B4G11E00

9SUD31B657G11E00

9SUD31C6B4G11E00

9SUD31C657G11E00

9SUD31E6B4G11E00

9SUD31E657G11E00

9SUD31F6B4G11000

9SUD31F657G11000

9SUD31G6B4G11000

9SUD31G657G11000

9SU531C690Y11E00

9SU531C645Y11E00

9SU531D690Y11000

9SU531D645Y11000

Reference

9SU531E690Y11E00

9SU531E645Y11E00

9SU531F690Y11000

9SU531F645Y11000

9SU531G690Y11000

9SU531G645Y11000

9SUE31C6C9G11E00

9SUE31C665G11E00

9SUE31D6C9G11000

9SUE31D665G11000

9SUE31E6C9G11E00

9SUE31E665G11E00

9SUE31F6C9G11000

9SUE31F665G11000

9SUE31G6C9G11000

9SUE31G665G11000

9SU631C6R0Z22E00

9SU631C690Z22E00

9SU631D6R0Z22000

9SU631D690Z22000

9SU631E6R0Z22E00

9SU631E690Z22E00

9SU631F6R0Z22000

9SU631F690Z22000

9SU631G6R0Z22000

9SU631G690Z22000

9SU731C6R0Z22E00

9SU731C690Z22E00

9SU731D6R0Z22000

9SU731D690Z22000

9SU731E6R0Z22E00

9SU731E690Z22E00

9SU731F6R0Z22000

9SU731F690Z22000

9SU731G6R0Z22000

9SU731G690Z22000

9SU831C690Y22E00

9SU831C645Y22E00

9SU831D690Y22E00

9SU831D645Y22E00

9SU831F690Y22000

9SU831F690Y22000

Reference

4RSFMD055C0B8051

4RSFMD065D0B8051

4RSFMD075D0B8051

4RSFMD08SD0B80S1

4RSFMD090D0B8051

49SFMD040CAB8051

49SFMD055DAB8051

49SFMD060DAB8051

49SFMD070DAB8051

49SFMD075DAB8051

49SFMD095DAB8051

8L0070105AO61001

8L0080105AA61001

8L0080105AO61001

8L0080105AA61001

8L0090115AO61001

8L0090115AA61001

8L0100120AO61001

8L0100120AA61001

8L0110135AO61001

8L0110135AA61001

8L0120145AO61001

8L0120145AO61001

8L0130155AO61001

8L0130155AA61001

8L0150175AO61001

8L0150175AA61001

820060090AI61001

820060090AA61001

820070100AI61001

820080110AI61001

820090120AI61001

820110140AI61001

820130160AI61001

820150180AI61001

5MA3SPF070F18500

5MA3SPF077F18500

5MA3SPF084F18500

5MA3SPF091F18500

5MA3SPF096F18500

5MA3SPF106F18500

5MA3SPF109F18500

Reference

5MA3SPF121F18500

5MA3SPF129F18500

5MA3SPF139F18500

5MA3SPF152F18500

5MA3SPF165F18500

5MA3SPF169F18500

5MA3SPF182F18500

5MA3SPF188F18500

5MA3SPF216F18500

5MA3SPF227F18500

5MA3SPF240F18500

R1X671034G35N200

R1X671234G35N200

R1X671034G35N200

R1X672650G35N200

R1X671550G35N200

R1X671034G35N200

R1X672650G35N200

R1X671550G35N200

RAX671034G31N00E

RAX671234G31N00E

RAX671034G31N00E

RAX67265QG31N00E

RAX67155OG31N00E

RAX671034G31N00E

RAX672650G31N00E

RAX671550G31N00E

6R1T34208510S

6R1T34208510T

6R1T34268514S

6R1T34268514T

6R1P3419S

6R1P3419T

69SUPAM38N

69SUPAA38B

69SUSS0338B

69SUSL7040S

69SUSL8570S

69SUSL7040V

69SUSL8570V

69SUFRG18300B100

69SUFRG18300L100

69SUFRG18300V100
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Standard liquids 
heaters
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Standard liquids heaters
1 
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Standard liquids heaters
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70mm diameter, length 70mm, 1" fittings 

_0_1a_m_•_t_•_r_(m_m_) ___ t_a_n_k_l•_n_11_t_h_(_m_m_) __ -+-_M_o_u_n_t_1n_11 ____ Tu_bu_1_a_r_h_•_•t_•_r_Q_ty _____ M_a_x_1_m_u_m_p_o_w_a_r ___ TY_P_e_--1 -

Vartlcal or 1500w (1 0W/cm•) 70 70 horlzontal 1 3000w (20W/cm•) 

Vertical (A) 

A 
11mm 

1"8SPP 

2 

01omm 

Tubular heater dia.: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 1. 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1" BSPP cylindrical 
Outlet diameter: Male 1" BSPP cylindrical 
Centre line in let outlet: coaxial 
Air vent thread: 3/8 BSPP (on horizontal model) 

Horizontal (E) 

142mm 

9SU107 

Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 60 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of the catalog). 
Wall mounting brackets (3): one MS bracket. Can also be used for grounding . 
Accessorles: see end of this catalog 

E Standard products, 304L stainless steel tanks, 316L sheathed heaters 
~ e 
o.. 
E 
.... 
C 
QJ 
C 
ra 
E .... 

References 

9SU107A615E00000 
9SU107A630E00000 
9SU107E615E00E00 
9SU107E630E00E00 

Style Surface load (W/cm2 ) 

A 10 
A 20 
E 10 
E 20 

Heating element Qty of heating Voltage 
dia. elements 
8 1 230V 
8 1 230V 
8 1 230V 
8 1 230V 

~ Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
'+-
a 
QJ 
Vl 
::::, 
ra u 
QJ 

c:a 

Power 

1.SkW 
3kW 

1.SkW 
3kW 
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Standard liquids heaters

70mm diameter, length 130mm, 1" fittings 

- Dlamatar (mm) 

70 

Tank langth (mm) 

130 

Vertical (A) 

Tubular heater dia.: 8mm 

Mountlng 

Vartlcal or 
horlzontal 

Tubular heater material: 316L (lncolloy 800 optional) 
Quantlty of tubular heaters: 1. 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1" BSPP cylindrical 
Outlet diameter: Male 1" BSPP cylindrical 
Centre line in let outlet: coaxial 
Air vent thread: 3/8 BSPP (on horizontal model) 

Tubular haatar Qty 

1 

Maximum power 

1500w (5W/cm•) 
3000w (1 0W/cm•) 

Horizontal (E) 

Type 

9SU113 

Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 120 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of the catalog). 
Wall mounting brackets (3): one MS bracket. Can also be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, 316L sheathed heaters 

References Style Surface load (W/cm 2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU113A615E00000 A 5 8 1 230V 1.SkW 
9SU113A630E00000 A 10 8 1 230V 3kW 
9SU113E615E00E00 E 5 8 1 230V 1.SkW 
9SU113E630E00E00 E 10 8 1 230V 3kW 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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76mm diameter, length 313mm, hairpin tubular heaters, 1" fittings 

Dlameter (mm) Tank length (mm) Mountlng Tubular heater Qty Maximum power Type -
l-------+-------------+-----+-----------+-----------1--------l 

78 313 

.. 

G 

Vertlcalor 
horlzontal 

Vertical (A, B, C) 

.. 

Horizontal (E, F, G) 

F 

3 3.75kW (3x1.25 kW, 5W/cm•) gsu231 
7.5kW 3x2.5kW, 10W/cm• 

C 
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1" BSPP cylindrical 
Outlet diameter: Male 1" BSPP cylindrical 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU231A675G00000 A 10 8 3 230-400 3x2.5 
9SU231A638G00000 A 5 8 3 230-400 3 X 1.25 
9SU2318675G00E00 B 10 8 3 230-400 3 x2.5 
9SU2318638G00E00 B 5 8 3 230-400 3 X 1.25 
9SU231 C675G00E00 C 10 8 3 230-400 3x2.5 
9SU231 C638G00E00 C 5 8 3 230-400 3 X 1.25 
9SU231 E675G00E00 E 10 8 3 230-400 3 x2.5 
9SU231 E638G00E00 E 5 8 3 230-400 3 X 1.25 
9SU231F675G00000 F 10 8 3 230-400 3x2.5 
9SU231F638G00000 F 5 8 3 230-400 3 X 1.25 
9SU231 G675G00000 G 10 8 3 230-400 3x2.5 
9SU231 G638G00000 G 5 8 3 230-400 3 X 1.25 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

76mm diameter, length 313mm, 
helicoil tubular heaters, 1" fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type -1-------J.------------+-----+---------+----------t--------l 
4.BkW 

78 313 Vertlcalor 
Horlzontal 

Vertical (A, B, C) 

Horizontal (E, F, G) 

3 (3x1 .& kW, 5W/cm•) 
9.&kW 3x3.2kW 1 OW/cm• 

C 
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1" BSPP cylindrical 
Outlet diameter: Male 1" BSPP cylindrical 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, helicoil 316L sheathed heaters 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SUB31 A696G00000 A 10 8 3 230-400 3x3.2 
9SUB31 A648G00000 A 5 8 3 230-400 3x 1.6 
9SUB318696G00E00 B 10 8 3 230-400 3 x3.2 
9SUB318648G00E00 B 5 8 3 230-400 3 X 1.6 
9SUB31 C696G00E00 C 10 8 3 230-400 3x3.2 
9SUB31 C648G00E00 C 5 8 3 230-400 3x 1.6 
9SUB31 E696G00E00 E 10 8 3 230-400 3 x3.2 
9SUB31 E648G00E00 E 5 8 3 230-400 3 X 1.6 
9SUB31 F696G00000 F 10 8 3 230-400 3x3.2 
9SUB31 F648G00000 F 5 8 3 230-400 3x 1.6 
9SUB31 G696G00000 G 10 8 3 230-400 3 x3.2 
9SUB31 G648G00000 G 5 8 3 230-400 3 X 1.6 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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80mm diameter, length 313mm, hairpin tubular heaters, 
1 "1/4 fittings 

Dlameter (mm) Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 
1--------+----------t-------+---------+-----------+----------l 

80 313 

G 

Vertlcalor 
horlzontal 

Vertical (A, B, C) 

Horizontal (E, F, G) 

F 

3 
3.75kW(3x1.25kW,5W/cm•) ggu331 
7 .5kW (3 x 2.5kW, 1 OW/cm•) 

C 

-
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 Ox8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU331A675G11000 A 10 8 3 230-400 3x2.5 
9SU331 A638G 11000 A 5 8 3 230-400 3 X 1.25 
9SU3318675G11EOO B 10 8 3 230-400 3 x2.5 
9SU3318638G11EOO B 5 8 3 230-400 3 X 1.25 
9SU331C675G11EOO C 10 8 3 230-400 3x2.5 
9SU331 C638G11 EDO C 5 8 3 230-400 3 X 1.25 
9SU331E675G11EOO E 10 8 3 230-400 3 x2.5 
9SU331 E638G11 EDO E 5 8 3 230-400 3 X 1.25 
9SU331F675G11000 F 10 8 3 230-400 3x2.5 
9SU331F638G11000 F 5 8 3 230-400 3 X 1.25 
9SU331 G675G 11000 G 10 8 3 230-400 3x2.5 
9SU331G638G11000 G 5 8 3 230-400 3 X 1.25 

Power values are the maximum possible values for a given surface load. lt is possible to redu ce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

80mm diameter, length 313mm, 
helicoil tubular heaters, 1 "1/4 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 
1----------1-----------1------+--------+----------+----------l 

80 313 

A 

Vertlcalor 
horlzontal 

Vertical (A, B, C) 

Horizontal (E, F, G) 

3 
10.2 kW (3 x 3.4 kW 5W/cm•) 
5.1 kW(3x 1,7 kW, 10W/cm•) 9SUC31 

C 

-
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 Ox8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, helicoil 316L sheathed heaters, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SUC31A6A2G11000 A 10 8 3 230-400 3x3.4 
9SUC31A651G11000 A 5 8 3 230-400 3x 1.7 
9SUC3186A2G11EOO B 10 8 3 230-400 3 x3.4 
9SUC318651 G11 EOO B 5 8 3 230-400 3 X 1.7 
9SUC31C6A2G11EOO C 10 8 3 230-400 3x3.4 
9SUC31 C651 G11 EDO C 5 8 3 230-400 3x 1.7 
9SUC31E6A2G11EOO E 10 8 3 230-400 3 x3.4 
9SUC31 E651 G11 EOO E 5 8 3 230-400 3 X 1.7 
9SUC31F6A2G11000 F 10 8 3 230-400 3x3.4 
9SUC31 F651G11000 F 5 8 3 230-400 3x 1.7 
9SUC31 G6A2G 11000 G 10 8 3 230-400 3 x3.4 
9SUC31 G651G11000 G 5 8 3 230-400 3 X 1.7 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

88mm diameter, length 313mm, 
hairpin tubular heaters, 1 "1/4 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 
1-------+-------------+------+-----------+-----------+--------l 

88 313 Vertlcalor 
Horlzontal 

Vertical (A, B, C) 

Horizontal (E, F, G) 

F 

3 
3.75kW(3x1.25kW,5W/cm•) ggu431 
7 .5kW (3 x 2.5kW, 1 OW/cm•) 

C 

" .. 1 

-
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU431A675G11000 A 10 8 3 230-400 3x2.5 
9SU431A638G11000 A 5 8 3 230-400 3 X 1.25 
9SU4318675G11E00 B 10 8 3 230-400 3 x2.5 
9SU4318638G11 E00 B 5 8 3 230-400 3 X 1.25 
9SU431C675G11E00 C 10 8 3 230-400 3x2.5 
9SU431C638G11E00 C 5 8 3 230-400 3 X 1.25 
9SU431E675G11E00 E 10 8 3 230-400 3 x2.5 
9SU431 E638G11 E00 E 5 8 3 230-400 3 X 1.25 
9SU431F675G11000 F 10 8 3 230-400 3x2.5 
9SU431F638G11000 F 5 8 3 230-400 3 X 1.25 
9SU431G675G11000 G 10 8 3 230-400 3x2.5 
9SU431G638G11000 G 5 8 3 230-400 3 X 1.25 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

88mm diameter, length 313mm, 
helicoil tubular heaters, 1 "1/4 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 
1-------J.------------+-----+---------+----------t--------l 

88 313 Vertlcalor 
horlzontal 

Vertical (A, B, C) 

Horizontal (E, F, G) 

F 

3 
5. 7kW (3 x 1.lkW, 5W/cm•) 

11,4kW(3x3.BkW, 10W/cm•) 9SUD31 

C 

-
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 Ox8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SUD31A684G11000 A 10 8 3 230-400 3x3.8 
9SUD31A657G11000 A 5 8 3 230-400 3x 1.9 
9SUD318684G11EOO B 10 8 3 230-400 3 x3.8 
9SUD318657G11 EOO B 5 8 3 230-400 3 X 1.9 
9SUD31 C684G11 EOO C 10 8 3 230-400 3x3.8 
9SUD31 C657G11 EDO C 5 8 3 230-400 3x 1.9 
9SUD31E684G11EOO E 10 8 3 230-400 3 x3.8 
9SUD31 E657G11 EOO E 5 8 3 230-400 3 X 1.9 
9SUD31F684G11000 F 10 8 3 230-400 3x3.8 
9SUD31F657G11000 F 5 8 3 230-400 3x 1.9 
9SUD31G684G11000 G 10 8 3 230-400 3x3.8 
9SUD31G657G11000 G 5 8 3 230-400 3 X 1.9 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
QJ 
u 
·;;; 
"C 
ra .... 
0 

·;:: 
o.. .... 
::::, 
0 

..c: .... -~ 
"C 
QJ 
~ 
"C 
0 
E 
QJ 

..c 
C 
ra u 

"C 
C 
ra 
~ 
C 
0 
QJ 
u 
C 
ra 

3:! 
::::, 
0.0 .... 

.E 
QJ .... 
ra 
Vl .... 
QJ 
QJ 

..c: 
Vl 

ra .... 
ra 

"C 
QJ 
Vl 
QJ 

..c: .... 
C 
0 

"C 
QJ 
Vl 
::::, 
Vl 

~ 
::::, .... 
ra 
~ 
Vl' 
c 
0 

·.i::; 
o.. 

·;:: 
u 
Vl 
QJ 

"C 
Vl' 
0.0 
C -~ 
~ 

"C 
Vl' 

tî 
::::, 

"C e 
o.. .... 
::::, 
0 

'+­
a .... 
C 
QJ 

E 
~ e 
o.. 
E 
.... 
C 
QJ 
C 
ra 
E .... 
QJ 
o.. 

'+­
a 
QJ 
Vl 
::::, 
ra u 
QJ 

c:a 

Dlameter (mm) 

100 mm diameter, length 313mm, 
hairpin tubular heaters, 1 "1/4 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type -1-------J.------------+-----+---------+----------t--------l 
100 313 Vertlcalor 

Horlzontal 

Vertical (C, D) 

Horizontal (E, F, G) 

3 
4,5kW (3 x 1.5kW, 5W/cm•) 
9kW (3 x 3 kW, 1 0W/cm•) 9SU531 
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Standard liquids heaters

-
Diameter of the heater: 10mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 31 GL sheathed heaters, dia 10mm, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU531C690Y11E00 C 10 10 3 230-400 3x3 
9SU531C645Y11E00 C 5 10 3 230-400 3x 1.5 
9SU531D690Y11000 D 10 10 3 230-400 3x3 
9SU531D645Y11000 D 5 10 3 230-400 3 X 1.5 
9SU531E690Y11E00 E 10 10 3 230-400 3x3 
9SU531E645Y11E00 E 5 10 3 230-400 3x 1.5 
9SU531F690Y11000 F 10 10 3 230-400 3x3 
9SU531F645Y11000 F 5 10 3 230-400 3 X 1.5 
9SU531G690Y11000 G 10 10 3 230-400 3x3 
9SU531G645Y11000 G 5 10 3 230-400 3x 1.5 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

100 mm diameter, length 313mm, 
helicoil tubular heaters, 1 "1/4 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 
1-------+-------------+------+-----------+-----------+--------l 

100 313 Vertlcalor 
Horlzontal 

Vertical (C, D) 

Horizontal (E, F, G) 

3 
8.45kW(3x2.15kW, 5W/cm•) gsuEa1 
12,BkW (3 x 4.3 kW, 10W/cm• 

-
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Standard liquids heaters

-
Diameter of the heater: 8mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/4 BSPP cylindrical (1" optional) 
Outlet diameter: Male 1 "1 /4 BSPP cylindrical (1" optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 Ox8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, helicoil 316L sheathed heaters, 1 "1/4 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SUE31C6C9G11EOO C 10 8 3 230-400 3x4.3 
9SUE31 C665G11 EDO C 5 8 3 230-400 3 X 2.15 
9SUE31 D6C9G11000 D 10 8 3 230-400 3 x4.3 
9SUE31D665G11000 D 5 8 3 230-400 3 X 2.15 
9SUE31E6C9G11EOO E 10 8 3 230-400 3x4.3 
9SUE31 E665G11 EDO E 5 8 3 230-400 3 X 2.15 
9SUE31F6C9G11000 F 10 8 3 230-400 3 x4.3 
9SUE31F665G11000 F 5 8 3 230-400 3 X 2.15 
9SUE31G6C9G11000 G 10 8 3 230-400 3x4.3 
9SUE31G665G11000 G 5 8 3 230-400 3 X 2.15 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

125 mm diameter, length 313mm, 
hairpin tubular heaters, 1 "1/2 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 

1--------+-----------+-----+----------+-------------------------f--------l 9kw (3 x 2kW + 3 x 1 kW, 5W/cm•) 
125 313 Vertlcal or 

Horlzontal 3or8 

Vertical (C, D) 

Horizontal (E, F, G) 

18kw (3 x 4kW + 3 x 2 kW 10W/cm•) 9SU631 -
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Standard liquids heaters

-
Diameter of the heater: 10mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 or 6. The 6 heater version allows two stages in three-phase connection. 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/2 BSPP cylindrical (1 "1/4 optional) 
Outlet diameter: Male 1 "1 /2 BSPP cylindrical (1 "1/4 optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters, 1 "1/2 fittings 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU631C6R0Z22E00 C 10 10 6 230-400 3x4+3x2 
9SU631C690Z22E00 C 5 10 6 230-400 3x2+3x1 
9SU631D6R0Z22000 D 10 10 6 230-400 3x4+3x2 
9SU631D690Z22000 D 5 10 6 230-400 3x2+3x1 
9SU631E6R0Z22E00 E 10 10 6 230-400 3x4+3x2 
9SU631E690Z22E00 E 5 10 6 230-400 3x2+3x1 
9SU631F6R0Z22000 F 10 10 6 230-400 3x4+3x2 
9SU631 F690Z22000 F 5 10 6 230-400 3x2+3x1 
9SU631G6R0Z22000 G 10 10 6 230-400 3x4+3x2 
9SU631G690Z22000 G 5 10 6 230-400 3x2+3x1 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Standard liquids heaters
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Dlameter (mm) 

140 mm diameter, length 313mm, 
hairpin tubular heaters, 1 "1/2 fittings 

Tank length (mm) Mountlng Tubular heater Qty Maximum power Type 

1--------+-----------+-Vi-e_rt_l_c_a_l o-r--+-------+--=,,.,..kw___,,(=3-x....,2,.,..k=w,.,..+----=-3-x"""1,...,k-=-w=,....,5=w=,,....c-m""'•),-+--------l 
140 313 Horlzontal 3 or I 18kw (3 x 4kW + 3 x 2 kW 10W/cm• 9su731 

Vertical (C, D) 

Horizontal (E, F, G) 

-
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-
Diameter of the heater: 10mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 or 6. The 6 heater version allows two stages in three-phase connection. 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1/2 BSPP cylindrical (1 "1/4 optional) 
Outlet diameter: Male 1 "1 /2 BSPP cylindrical (1 "1/4 optional) 
Centre line in let outlet: 200 mm. 
Air vent thread: 3/8 BSPP (on models where it exists) 
Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 M5 feet, 170mm center line distance, for wall mounting on 3 different sides. M5 brackets that are 
not used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters 

References Style Surface load (W/cm2 ) 
Heating element Qty of heating Voltage Power 

dia. elements (V) (kW) 
9SU731C6R0Z22E00 C 10 10 6 230-400 3x4+3x2 
9SU731C690Z22E00 C 5 10 6 230-400 3x2+3x1 
9SU731D6R0Z22000 D 10 10 6 230-400 3x4+3x2 
9SU731D690Z22000 D 5 10 6 230-400 3x2+3x1 
9SU731E6R0Z22E00 E 10 10 6 230-400 3x4+3x2 
9SU731E690Z22E00 E 5 10 6 230-400 3x2+3x1 
9SU731F6R0Z22000 F 10 10 6 230-400 3x4+3x2 
9SU731 F690Z22000 F 5 10 6 230-400 3x2+3x1 
9SU731G6R0Z22000 G 10 10 6 230-400 3x4+3x2 
9SU731G690Z22000 G 5 10 6 230-400 3x2+3x1 

Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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140 mm d iameter, length 313mm, hai rpi n tubu lar heaters, 1 "1 /2 fitti ngs, 
With built-in tubular heat exchanger 

1-D_l_am_e_te_r_(_m_m_)+-__ Ta_n_k_le_n_g_th_(m_m_) __ 1--M_o_u_n_t_ln_g--+-___ Tu_b_u_1a_r_h_•_•_te_r_Q_t_Y __ -+-__ M_a_x_lm_u_m_p_o_w_e_r_--+ __ TY_P_e_---1 -

140 313 Vertlcal 3 4,5kw (3 x 1,5 kW, 5W/cm•) 
Horlzontal 9 kw (3 x 3 kW, 1 OW/cm•) 

Vertical (C, D) 

Diameter of the heater: 10mm 
Tubular heater material: 316L (lncolloy 800 optional) 
Quantity of tubular heaters: 3 
Body material: 304L stainless steel (316L optional) 
Material fittings: 304L stainless steel (316L optional) 
ln let connection: Male 1 "1 /2 BSPP cylindrical (1 "1/4 optional) 
Out let diameter: Male 1 "1 /2 BSPP cylindrical (1 "1/4 optional) 
Air vent thread: 3/8 BSPP (on models where it exists) 

Horizontal (F) 

Tubular heat exchanger: dia. 10 x 8.6mm 316L stainless steel tube, heat exchange surface 4000 cm 2 

9SUB31 

Thermowell (1 ): 304L stainless steel dia. 1 0x8.5 mm, length 260 mm for thermal eut-out (See thermal eut-out sub assembly models at 
the end of this catalog). Copper thermowell is available on request. This thermowell can also be used for a thermostat bulb or a 
temperature sensor. 
Dise thermostat mounting bracket (2): 1 bracket for thermostat with extended cup (see thermostat models at the end of this catalog). 
Wall mounting brackets (3): 3 x 2 MS feet, 170mm center line distance, for wall mounting on 3 different sides. MS brackets that are not 
used for wall mounting can be used for grounding. 
Accessories: see end of this catalog 

References 

9SU831C690Y22E00 
9SU831C645Y22E00 
9SU831D690Y22000 
9SU831D645Y22000 
9SU831F690Y22000 
9SU831F645Y22000 

Standard products, 304L stainless steel tanks, hairpin 316L sheathed heaters, 
SUS 316L tubular heat exchanger, 1 "1/2 fittings 

Style Surface load (W/cm 2 ) 
Heating element Qty of heating 

dia. elements 
C 10 10 3 
C 5 10 3 
D 10 10 3 
D 5 10 3 
F 10 10 3 
F 5 10 3 

Voltage Power 
(V) (kW) 

230-400 3x3 
230-400 3 X 1.5 
230-400 3x3 
230-400 3 X 1.5 
230-400 3x3 
230-400 3 X 1.5 

~ Power values are the maximum possible values for a given surface load. lt is possible to reduce the power by reducing the surface load. 
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Because of permanent improvement of our products, drawings, descriptions, features used on these data sheets are for guidance only and can be modified without prior advice ~ 
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Dise thermostats with condensation protection, 
types 4RS and 495 

D 

L 

Automatic reset Manual reset 

Vl- These thermostats were developed for use on the bodies of heaters, in conditions where condensation or drops of water are likely. 
§ The thermostat body is covered with a flexible silicone cap, allowing eventual manual reset without risk of manual contact with live parts. 

·-g_ ln order to avoid tearing of the cap by handling, it is held in place by a stainless steel flange. The cup of the thermostat is made of stainless 
·5 steel to avoid the risk of galvanic corrosion between the body of the heater and thermostat, in a hum id environment. They are designed to 
l(l contrai the liquid temperature, and their use as a dry run safety is not recommended. 
-c When used as a safety device, when they have triggered, it is mandatory to find and repair the failure of the heating circuit before to 
Vl' 

~ Protective cap: black silicon (1) 
-~ Electrlcal ratlng: 1 0A 250V ( 16A on request, contact us) 
~ Action: Contact opens by temperature rise. Available in ma nuai reset (3) or automatic reset by temperature drop. 
-c Automatic reset models can be made in an alarm version, with close on temperature rise contact. 
Vl- Open temperatures: 20 to 150°C according to specifications. The most common versions used in heaters are shown in the table below. 
-g Connectlng cable: FEP insulation, two conductors, AWG18, under heat shrink sleeve. (Other dimensions and insulation on request) 
-c Cable length: 500mm standard, other length on request. 

~ ~~~
1~t~;:/ ~i:!~~1:~~\~:i~~1:~~!%) ,s:i~gned to receive two M3 screws, 24mm distance, for fixing on the installed heater brackets 

~ Mountlng on the body of tanks: it is recommended to use thermo-conductive grease between thermostat cup and tank. 
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References 

4RSFMD055C0B8051 
4RSFMD065D0B8051 
4RSFMD075D0B8051 
4RSFMD085D0B8051 
4RSFMD090D0B8051 
49SFMD040CAB8051 
49SFMD055DAB8051 
49SFMD060DAB8051 
49SFMD070DAB8051 
49SFMD075DAB8051 
49SFMD095DAB8051 

Main references 

Open temperature (°C) Close temperature (°C) Cable length (mm) 

131±3°c Manual reset 500mm 
149±4°c Manual reset 500mm 
167±4°C Manual reset 500mm 
1a5+4°C Manual reset 500mm 
194+4°c Manual reset 500mm 
104±3°c 86°c 500mm 
131+4°C 113•c 500mm 
140+4°C 122·c 500mm 
158±4°c 140°c 500mm 
167±4°C 131 ·c 500mm 
203±4°C 1a5•c 500mm 
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SPNC manual reset high limit, fail safe 
Type 8L 

Plastic cap (black) 

26mm 
28rnm 

0 

E 

t2lillm 

Resetbutto~n--~·~---

6.3.)li0.8mm(x2) 

[I] 
Applications: Protection against the overheating of the heaters due to an abnormal rise of the liquid temperature due to a flow failure. The 
mounting of the bulbs can be made inside standard dia. 8.5mm pockets, or in an additional thermowell added on request. The thermostat 
body can be installed in a protective cover of the heating element outputs, or remotely in a separate contrai cabinet. They are resettable 
after tripping, but a prier full audit of the circuit is essential to find the cause of overheating and correct it before restarting. 

Housing dimensions: 43 x 35 x 29 mm (without terminais) 
Bulb and capillary: stainless steel, capillary length 250mm or 1500 mm, 150 mm long PVC sleeve on capillary. Capillary minimum 
bending radius 5 mm. 
Temperature sensing element: liquid filled bulb and capillary. 
Terminais: 6.35 x 0.8 quick connect terminais (M4 screws also available on request), 
Adjustment: fixed setting, sealed 
Manual reset: fail safe, fixed setting, front access reset button 
Fail safe contact action by low temperature: Temperatures under -10°C (14 °F) will trigger the manual reset. 
Mounting: Front bushing, M10 x1 thread 
Rating: 16A250/400VAC 
Contacts: SPST (snap action contact) 
Max ambient temperature on body: 150°C (302°F) 

Main references 

Calibration Minimum resettable Capillary Bulb Bulb length 
Reference diameter temperature (°C/°F) temperature (°C/°F) length (mm) (mm) (mm) 

8L0070105AO61001 70+8°C/158+8°C 52°C/125.6°F 1500 6 77 
8L0080105AA61001 70±8°C/158±8°C 52°C/125.6°F 250 6 77 
8L0080105AO61001 80±8°C/176±8°C 52°C/125.6°F 1500 6 77 
8L0080105AA61001 80+8°C/176+8°C 52°C/125.6°F 250 6 77 
8L0090115AO61001 90+8°C/194+8°C 60°C/140°F 1500 6 77 
8L0090115AA61001 90±8°C/194±8°C 60°C/140°F 250 6 77 
8L0100120AO61001 100+8°C/212+8°C 70°C/158°F 1500 6 77 
8L0100120AA61001 100±8°C/212±8°C 70°C/158°F 250 6 77 
8L0110135AO61001 110±8°C/230±8°C 75°C/167°F 1500 6 77 
8L0110135AA61001 110+8°C/230+8°C 75°C/167°F 250 6 77 
8L0120145AO61001 120+8°C/248±8°C 75°C/167°F 1500 6 77 
8L0120145AA61001 120+8°C/248+8°C 75°C/167°F 250 6 77 
8L0130155AO61001 130+8°C/266+8°C 80°C/176°F 1500 6 74 
8L0130155AA61001 130+8°C/266±8°C 80°C/176°F 250 6 74 
8L0150175AO61001 150±8°C/302±8°C 95°C/203°F 1500 6 74 
8L0150175AA61001 150±8°C/302±8°C 95°C/203°F 250 6 74 

Max 
tempe rature 

on bulb (°C/°F) 

105°C/239°F 
105°C/239°F 
105°C/239°F 
105°C/239°F 
115°C/239° F 
115°C/239° F 
120°C/248°F 
120°C/248°F 
135°C/275°F 
135°C/275°F 
145°C/293°F 
145°C/293°F 
155°C/311°F 
155°C/311°F 
175°C/347°F 
175°C/347°F 

QJ 
u 
'> 
""C 
ra .... 
0 

·.:::: 
C. 
..... 
::::J 
0 

..r::. ..... -~ 
""C 

QJ 
~ 
""C 
0 
E 
QJ 

..c 
C 
ra u 

""C 
C 
ra 

-2!:-
c 
0 
QJ 
u 
C 
ra 

3:! 
::::J 
tlO .... 

.E 
QJ .... 
ra 
"' ..... 
QJ 
QJ 

..r::. 
"' ra ..... 
ra 

""C 
QJ 

"' QJ 
..r::. ..... 
C 
0 

""C 
QJ 

"' ::::J 

"' ~ 
::::J ..... 
ra 

J!! 
v,' 
C 
0 
p 
C. 

·.:::: 
u 
"' QJ 

""C 
v,' 
tlO 
C -~ 
~ 

""C 
v,' 

tî 
::::J 

""C e 
C. .... 
::::J 
0 

'+-
0 
..... 
C 
QJ 

E 
~ e 
C. 

E 
..... 
C 
QJ 
C 
ra 
E .... 
QJ 
C. 

'+-
0 
QJ 

"' ::::J 
ra u 
QJ 
ai 

http://www.ultimheat.com


5-5Cat23-2- www.ultimheat.comContact us

Option and accessories
QJ 
u 
·;;; 
"C 
ra .... 
0 

·;:: 
o.. .... 
::::, 
0 

..c: .... -~ 
"C 
QJ 
~ 
"C 
0 
E 
QJ 

..c 
C 
ra u 

"C 
C 
ra 
~ 
C 
0 
QJ 
u 
C 
ra 

3:! 
::::, 
0.0 .... 

.E 
QJ .... 
ra 
Vl .... 
QJ 
QJ 

..c: 
Vl 

3 pole manual reset high limit, fail safe 
Type 82 

Manual reset button 

73.Stnm 

14mm 

,{l 

l 
L~1. L1 L2 L2 

L3 
1.3 

~ Applications: Protection against the overheating of the heaters due to an abnormal rise of the liquid tempe rature due to a flow failure. The 
-c mounting of the bulbs can be made inside standard dia. 8.5mm pockets, or in an additional thermowell added on request. The thermostat 
~ body can be installed in a protective caver of the heating elements outputs, or remotely in a separate contrai cabinet. They are resettable 
~ after tripping, but a prior full audit of the circuit is essential to find the cause of overheating and correct it before restarting . .... 
c Housing dimensions: dia. 45 x 44.3 mm 
~ Capillary: copper, capillary length 250mm or 900 mm, 150 mm long PVC sleeve on capillary. Capillary minimum bending radius 5 mm. 
~ For technical reasons, we do not recommend to use capillary lengths longer than 900 mm. 
::::i Bulb: copper, dia. 6 mm 
~ Temperature sensing element: Liquid-filled thermostatic assembly whose boiling causes tripping of the contact. Therefore, unlike liquid 
::::i filled systems, these thermostats are sensitive to atmospheric pressure, and their reaction time is slower. 
'l;; Terminais: 6.35 x 0.8 quick connect terminais 
~ Adjustment: fixed setting 
~- Mounting: Backside legs, 2 M4 screws, hales distance 60 mm 
o Manual reset: fail safe action, center button 

·-g_ Rating: 3x16A250VAC, 3x10A400VAC 
·5 Contacts: three pales, open on temperature rise (snap action contact), double break. 
l(l Max ambient temperature on head: 150°C (302°F) 
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Reference 

820060090Al61001 
820060090AA61001 
8200701OOAl61001 
82008011OAl61001 
820090120Al61001 
820110140Al61001 
820130160Al61001 
820150180Al61001 

Calibration 
temperature (°Cl°F) 

60+5°C/140±5°F 
60+5°C/140+5°F 
70+5°C/158+5°F 
80+5°C/176±5°F 
90+5°C/194+5°F 
11 o+5°c1230+5°F 
130±6°C/266±6°F 
150± ?°C/302± 7°F 

Main references 

Minimum 
resettable 

temperature {°C/°F) 
20°C/68°F 
20°C/68°F 
30°C/86°F 

4o•c1104 °F 
5o•c1122°F 
?0°c1158°F 
9o•c1194°F 
110°C/230°F 

Capillary Bulb length Max 
temperature length (mm) (mm) on bulb (°C/°F) 

900 50 90°C/194 °F 
250 50 90°C/194 °F 
900 50 100°C/212°F 
900 50 110°C/230°F 
900 50 120°ct248° F 
900 50 14o•c12a4 ° F 
900 60 15o•c1320°F 
900 60 180°C/356°F 
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Wired thermal fuses, for insertion into 8.5 mm I.D. thermowells 
Type 5MA3-F 

01 .9mm 

38mm 6mm 
46.3mm 

Applications: protection against overheating of liquid heaters when dry run condition occurs. 
These thermal eut outs are designed to fit the pockets with 8.5 ID mounted in standard in the liquid heaters. lt may be possible to replace 
them when they have triggered, but it requires a prior full audit of all components of the heater because the important overheating due to 
lack of water may have damaged other components 

Fusible pellet: organic compound 
Mechanism: movable pellet actuated of a spring released by the fusion of the pellet 
Protection: by electrical insulation silicone boot, dia. 8mm 
Locking in the pocket: by silicone grommet 
Nominal current rating: 16A250V 
The nominal current rating is the maximum current the fuse can carry without opening or deteriorate when subjected to a temperature 
known as the "holding temperature" (Th) for a limited time 
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Holding temperature (Th): the fuse must not open or be destroyed when subjected to a temperature equal to Th-6 °C for a period of 168 "' 
hours under nominal voltage and current ~ 
Rated functioning tempe rature (Tf): lt is the opening temperature of the fuse in a calibration oven, when subjected to a current less than ~ 
1 O mA, when temperature rises at a speed of 0.5 to 1 ° C /min.The opening temperature must not be lower than Tf-1 O °Cor above Tf un der J!! 
these conditions. This is the operating temperature Tf which is printed on the fuse and the external protective sheath of the leads. 
Maximum temperature (Tm): it is the maximum temperature withstood by the fuse after opening without losing its insulating and 
mechanical properties. 
This feature is critical in liquid heaters application, to determine the right position of TCO to avoid its destruction and re­
energization of the electrical circuit by high temperature overshoot. 

lnsulatlon voltage between open contacts: ~ 500V 

lnsulatlon reslstance between open contacts: ~ 0.2 MO@ 500V 
Lead lengths: 500 mm. 
Leads: FEP 300V primary insulation, 1 mm2 gauge (AWG18), in a polyolefin sheath. 
ln red: standard temperatures available from stock 

Main references 

Reference 
Rated functioning Holding temperature °C/°F (Th) temperature °C/°F (Tf) 

5MA3SPF070F18500 73°C/163.4°F 45°C/113°F 
5MA3SPF077F18500 79°C/174.2°F 52°C/125.6°F 
5MA3SPF084F18500 85°C/185°F 57°C/134.6°F 
5MA3SPF091F18500 94°C/201.2°F 66°C/150.8°C 
5MA3SPF096F18500 99°C/210.2°F 71 °C/159.8°F 
5MA3SPF106F18500 108°C/226.4 °F 77°C/170.6°F 
5MA3SPF109F18500 113°C/235.4°F 84 °C/183.2°F 
5MA3SPF121F18500 122°C/251.6°F 94°C/201.2°F 
5MA3SPF129F18500 133°C/271.4°F 101 °C/213.8°F 
5MA3SPF139F18500 142°C/287 .6°F 114°C/237.2°F 
5MA3SPF152F18500 157°C/314.6°F 127°C/260.6°F 
5MA3SPF165F18500 167°C/332.6°F 130°C/266°F 
5MA3SPF169F18500 172°C/341.6°F 145°C/293°F 
5MA3SPF182F18500 184 °C/363.2°F 156°C/312.8°F 
5MA3SPF188F18500 192°C/377 .6°F 164 °C/327 .2°F 
5MA3SPF216F18500 216°C/420.8°F 189°C/372.2°F 
5MA3SPF227F18500 227°C/440.6°F 190°C/374°F 
5MA3SPF240F18500 240°C/464 °F 190°C/374°F 

Maximum 
temperature °C/°F (Tm) 

115°C/239°F 
125°G/257°F 
125°G/257°F 
140°C/284°F 
140°C/284°F 
145°C/293°F 
150°C/302°F 
175°C/34 7°F 
175°C/34 7°F 
185°C/365°F 
195°C/383°F 
205°C/401 °F 
215°C/419°F 
225°G/437°F 
245°C/4 73°F 
280°C/536°F 
295°C/563°F 
305°C/581 °F 
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Paddle fiow switches,reed switch,cable connection 
Type R1X 

-{;; 1: Paddle; 2: Plastic body and plastic¾" BSPP union nut 3: Cable 
ra 
1a These devices are designed to be mounted on 1 ", 1" ¼ and 111 1/2 pipes on a 18mm length, ¾" BSPP male fitting. They are compatible with 
~ the applications of liquid heaters of this catalog. 
li'.) Their low electrical switching rating obliges to use them in electronic circuits, or contactor coils. Their function is to allow the energization 

-:E of the heater when the flow is sufficient, and to stop heating if the flow drops below a specified value. The detection thresholds are variable 
c and are set according to applications and equipment. 
0 

"C 

~ Main uses: Recommended mounting position is on horizontal pipes, but can be mounted in any other position, with a small drift in the 
; calibration value. 
~ Functional principle: Balanced magnetic paddle mounted perpendicular to the flow and activating a reed switch through the wall. The 
.3 return of the paddle is made by magnetic action, without spring. No seal or liquid can pass between the piping system and the electrical 
] contact. Must not be used for water containing magnetic parti cl es or high viscosity liquids, which black the movement of the paddle. 
v,' Adjustment: Fixed setting, not adjustable by user 
c Paddle shaft: Titanium, providing an outstanding corrosion resistance, and improved mechanical life . 
. g Main housing material: PPO, fi ber glass reinforced for improved pressure and temperature resistance, usable with potable water . 
. §- Paddle: PPO, 12 mm width 
u Pipe mounting: Fiber glass reinforced union nut, ¾ BSPP, mounting on¾ BSPP male fitting with gasket. Recommended torque: 7±1 Nm 
li'.J Gasket: NBR 
-c Electrical rating: Max 1A, Max 70W, Max 250V, resistive load. Use on inductive circuits reduces electrical rating. We recommend to 
~ protect the reed switch with a contact protection device when used in inductive loads 
c Electric contact type: Normally open, closes by flow rise 
-~ Liquid compatibility: For use with clean water and liquids without magnetic particles and without chemical incompatibility with PPO and 
~ -c titanium 
v,' Nominal pressure at 20°C: 1 MPa (Pn10) 
tî Liquid temperature range: 5 to 100°C (no frost conditions inside the pipe) 
-5 Ambiant temperature range: 5 to B0°C 
e lngress protection: IP65 
~ Calibration tolerances: +/-15% (on paddle operating force at the end of paddle 1) 
::::i Electrical connection: 2 xAWG24 (0.2mm2 ) cable, PVC insulation, TB0°, style UL2464. 
~ Installation Instructions: Check carefully the paddle orientation: The arrow on the housing must be exactly parallel to the pipe, and in the 
o flow direction. 
1= Accessorles: 3/4" stainless steel fitting for pipe welding 
~ Options (MOQ apply): cable with connector or terminais, other cable length, nickel plated ¾" BSPP union nut, waterproof plastic 
~ connection box. 
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-
Main references, with 2 meter cable* 

Configurations 

27mm (1 "), paddle A 1 27mm (1"), paddle B1 36mm (1"1/4) paddleA1 36mm (1"1/4) paddleA1+2 

Close on 22.5 L/min 25 L/min 46 L/min 23 L/min flow rise 
Open by 19 L/mi 22.5 L/min 43.5 L/min 20.5 L/min flow decrease 

References R1X671034G35N200 R1X671234G35N200 R1X671034G35N200 R1X672650G35N200 

Configurations 

36mm (1"1/4) paddle C2 42mm (1"1/2) paddleA1 42mm (1"1/2) paddleA1+2 42mm (1"1/2) paddle C2 

Close on 30 L/min 65 L/min 33 L/min 40 L/min flowrise 
Open by 27.5 L/min 63 L/min 31 L/min 37.5 L/min flow decrease 

References R1X671550G35N200 R1X671034G35N200 R1X672650G35N200 R1X671550G35N200 

• Calibration force set at 7 gr measured at the end of paddle N°1 or at an equivalent length position on other models. 
(= the middle of the possible adjustment span). Average values for indication only. Exact value must be specified on order. 
Standard tolerances ±15% 

QJ 
u 
·s; 
""C 
ra .... 
0 

·.:::: 
C. 
..... 
::::J 
0 

..r::. ..... -~ 
""C 

QJ 
~ 
""C 
0 
E 
QJ 

..c 
C 
ra u 

""C 
C 
ra 

-2!:-
c 
0 
QJ 
u 
C 
ra 

3:! 
::::J 
tlO .... 

.E 
QJ .... 
ra 
"' ..... 
QJ 
QJ 

..r::. 
"' ra ..... 
ra 

""C 
QJ 

"' QJ 
..r::. ..... 
C 
0 

""C 
QJ 

"' ::::J 

"' ~ 
::::J ..... 
ra 

J!! 
v,' 
C 
0 
p 
C. 

·.:::: 
u 
"' QJ 

""C 
v,' 
tlO 
C -~ 
~ 

""C 
v,' 

tî 
::::J 

""C e 
C. .... 
::::J 
0 

'+-
0 
..... 
C 
QJ 

E 
~ e 
C. 

E 
..... 
C 
QJ 
C 
ra 
E .... 
QJ 
C. 

'+-
0 
QJ 

"' ::::J 
ra u 
QJ 
ai 

http://www.ultimheat.com


5-9Cat23-2- www.ultimheat.comContact us

Option and accessories
QJ 
u 
·;;; 
"C 
ra .... 

Paddle flow switches, with built-in 16A SPDT relay and connection box, 
Type RAX 
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1: Paddle; 2: Plastic body and plastic¾" BSPP union nul 
3: PA66 cable gland; 4:Miniature set point adjustment dial 
5: Pilot ligth 

M16:o:1 .5 
(04.&-010mmJ 

~ These devices are designed to be mounted on 1 ", 1" ¼ and 1 "1/2 pipes on a 18mm length, ¾" BSPP male fitting. They are compatible with 
..., the applications of liquid heaters of this cala log. 
§ Their built-in 16A 250V power relay allows !hem to switch direclly the power of liquid heaters up to 3500W, 230V. Their function is to allow 
-c the energization of the heater when the flow is sufficient, and to stop heating if the flow drops below a specified value. The delection 
~ thresholds are variable and are set according to applications and equipment. 
::::, 
Vl 
~ Main uses: Recommended mounting position is on horizontal pipes, but can be mounled in any other position, with a small drift in the 
.3 calibration value. 
ra Functional principle: Balanced magnetic paddle mounted perpendicular to the flow and activating a reed switch through the wall. The 
~ return of the paddle is made by magnetic action, without spring. No seal or liquid can pass between the piping system and the electrical 
~-- contact. Must not be used for water containing magnetic partiel es or high viscosity liquids, which black the movement of the paddle . 
. g Adjustment: Fixed selting. If needed, il can be slighlly modified in the fields by professional installer 
o.. Paddle shaft: Titanium , providing an outstanding corrosion resistance, and improved mechanical life. 
·5 Main housing material: PPO, fiber glass reinforced for improved pressure and temperature resistance, usable with potable water. 
l(l Paddle: PPO, 12 mm widlh 
-c Pipe mountlng: Fi ber glass reinforced union nut, ¾ BSPP, mounting on¾ BSPP male fitting with gasket. 
~ Recommended torque: 7±1 Nm 
c Gasket: NBR 
-~ Electrical rating: Power relay,SPDT16A Resistive, 230V. 
~ Power supply: 230V is standard. Other voltages (115VAC, 24VAC or DC) on request 
Vl- Pilot light: red (green in option), connected on the power relay contact that closes by flow rise. 
tî Electrical connection: on 5 x 2.5mm2 screw connection black. Connectors available on request. 
-5 Liquid compatibility: For use with clean water and liquids without magnetic particles and without chemical incompatibility with PPO and 
e titanium 
o.. Nominal pressure at 20°c: 1 MPa (Pn10) 
~ Liquid temperature range: 5 to 100°C (no frost conditions inside the pipe) 
~ Ambiant temperature range: 5 to 80°C 
o lngress protection: IP65 
1: Calibration tolerances: +/-15% (on paddle operating force at the end of paddle 1) 
~ Electrical connection: 2 xAWG24 (0.2mm2 ) cable, PVC insulation, T80°, style UL2464. 
~ Installation instructions: Check carefully the paddle orientation: The arrow on the housing must be exactly parallel to the pipe, and in the 
e flow direction 
o.. Accessories: 3/4" stainless steel fitting for pipe welding 
E Options (MOQ apply): nickel plated ¾" BSPP union nut 
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Main references* 

- Configurations 

27mm (1"), paddleA1 27mm (1"), paddle B1 36mm (1"1/4) paddleA1 36mm (1"1/4) paddleA1+2 

Close 
22.5 L/min 25 L/min 46 L/min 23 L/min on flow rise 

Open byflow 
19 L/mi 22.5 L/min 43.5 L/min 20.5 L/min decrease 

References RAX671034G31N00E RAX671234G31N00E RAX671034G31N00E RAX672650G31N00E 

Configurations 

36mm (1"1/4) paddle C2 42mm (1"1/2) paddleA1 42mm (1"1/2) paddleA1+2 42mm (1"1/2) paddle C2 

Close 30 L/min 65 L/min 33 L/min 40 L/min on flow rise 

Open byflow 
27.5 L/min 63 L/min 31 L/min 37.5 L/min decrease 

References RAX671550G31N00E RAX671034G31N00E RAX672650G31N00E RAX671550G31N00E 

* Calibration force set at 7 gr measured at the end of paddle N°1 or at an equivalent length position on other models. (= the middle of 
the possible adjustment span). Average values for indication only. Exact value must be specified on order. Standard tolerance ±15% 
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Flow-switch accessories 

Loose nut tees for mountings on heaters 
with 1 "BSPP male fittings. Allow to easily 
add a flow switch in a circuit . 
Flow switch fitting: 3/4 "BSPP male, 
compatible with RAX series and R1X 
Nuts: forged brass, captives 
Body: stainless steel, TIG welded. 
Bore: 20mm 
Distance between sealing surfaces {L): 
85mm 

Reference in 304L 6R1T34208510S 
Reference in 31 GL 6R1T3420851 DT 

Loose nut tees for mountings on heaters 
with 1 "1/4 BSPP male fittings. Allow to 
easily add a flow switch in a circuit. 
Flow switch fitting: 3/4 "BSPP male, 
compatible with RAX series and R1X 
Nuts: forged brass, captives 
Body: stainless steel, TIG welded. 
Bore: 26mm 
Distance between sealing surfaces {L): 
85mm 
Reference in 304L 6R1T34268514S 
Reference in 316L 6R1T34268514T 

Fittings for weldings on pipes. Allow to add 
a flow switch in a circuit after drilling 
existing pipes. 
Flow switch thread: 3/4 "BSPP male, 
compatible with RAX and R1X series 
Material: stainless steel. 
Hole drill diameter: 21,5mm 

Reference in 304L 6R1P3419S 
Reference in 31 GL 6R1P3419T 
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Hydraulic safety options 

6.5mm 

@J 
211'1'1 
Flat 

-

31&-SSPP 

5Amrr 

J) 2;m 

Manual air bleeder (air vent) * 
Fits 3/8" female fittings used in standard heaters. 
To be assembled with fiat fi ber gasket or with NBR 
O-Ring. If it is used at the same time than a relief 
valve, a second fitting must be added on standard 
tanks. 
Material: Brass, nickel plated 
Thread: 3/8"BSPP 

Reference in nickel 
plated brass 69SUPAM38N 

Automatic air bleeder (air vent)* 
Fits 3/8" female fittings used in standard heaters. 
To be assembled with fiat fi ber gasket. If it is used 
at the same time than a relief valve, a second fitting 
must be added on standard tanks. 
Material: Brass 
Thread: 3/8"BSPP 

Reference in nickel 
plated brass 

Relief valve* 

69SUPAA388 

Fits 3/8" female fittings used in standard heaters. 
To be assembled with fiat fi ber gasket. If it is used 
at the same time than an automatic or manual 
air vent, a second fitting must be added on 
standard tanks. 
Calibration: 3Bars 
Material: Brass 
Thread: 3/8"BSPP 

1 Reference in brass 1 69SUSS033881 
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*These components are not made by our company. The installation of equivalent products supplied or specified by the customer is possible. ~ 
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Various options 
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3:! OEM type heater 
::::, 

::0 The options presented on this page concern only standard components. For OEM products, many other opportunities exist for tanks, 
.E fittings, mounting systems, types of wirings ,etc ... We will be glad to answer ail requests accompanied by specifications. 
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Gauge Color 

AWG18 black 

AWG18 blue 

AWG18 yellow/ green 
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Usual model references 

lnsulation 

FEP, 300V, 180° 

FEP, 300V, 180° 

FEP, 300V, 180 

Screwfeet 
These feet are fixed by a screw on the mounting 
brackets welded on standard tanks. They allow 

to space tanks from the mounting wall. They 
corne in two basic sizes 
Material: Stainless steel 304 or 201 

A B SS References 
70 40 304 69SUSL 7040S 
85 70 304 69SUSL8570S 
70 40 201 69SUSL 7040V 
85 70 201 69SUSL8570V 

Foot clamp 
These feet, which are identical to the series above 
are fixed by a clamp on the tanks. They allow to 
space tanks from the mounting wall. They corne in 
two basic sizes. Use appropriate tank clamp 
diameter. 
References: see above (the clamp is not 
provided) 

Heating element wires 
These sub-assemblies are intended to be 
mounted on tank heating element standard screw 

2 terminais M4 (3). Silicone cap (1) provides 
protection against hand contact and 
condensation. They are equipped with cable end 
shoes (2) The wire gauge (1 mm 2 , 1.5 mm 2 , 2.5 
mm 2 , 4 mm2 orAWG18, AWG15, AWG14, 
AWG12), the type of insulation (FEP, XLPE, PVC) 
and the length and color must be specified when 
ordering 

Length References 

1m 69SUFRG18300B100 

1m 69SUFRG18300L 100 

1m 69SUFRG18300V100 
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Various options 
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Foam insulation jackets 
The NBR-PVC insulating foam cornes in standard 
in 5, 8, 10, 20 or 25mm thickness. The jacket is 
closed by an adhesive tape. The effectiveness of 
insulation depends on the chosen thickness. This 
jacket is usually factory assembled on the heater, 
but may be provided separately. Contact us for 
references based on the heater model and the 
selected thickness. 

Aluminum coated foam insulation jackets 
The adhesive aluminized sheet is glued over the 
foam jacket after assembly. The aluminized sheet 
protects against the absorption of water and 
improves the resistance to ignition. This assembly 
is made exclusively at the factory. 
The lower NBR-PVC insulating foam layer cornes 
in standard in 5, 8, 10, 20 or 25mm thickness. The 
effectiveness of insulation depends on the chosen 
thickness. Contact us for references based on the 
heater model and the chosen thickness 
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•  Mechanical thermostats •  Housings for corrosive environments
•  Mechanical safeties single & three poles •  Flow switches
•  ATEX thermostats & safeties •  Level switches
•  Flow through liquid heaters •  Pressure switches and air switches
•  Immersion heaters •  Fusible links and fire detection mechanisms
•  Heating elements for air and liquid •  Tracing equipment
•  Connection blocks •  Taylor made solutions
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