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57 ABSTRACT 
An electrical resistance tubular heating conductor of 
axially varying power distribution having a constant 
wall thickness body and an axially varying metal coat 
ing thereon is made by depositing the metal coating in 
an axial direction at a varying rate. 

5 Claims, 3 Drawing Figures 
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3.851,150 1 
ELECTRICAL RESISTANCE TUBULAR HEATING 
CONDUCTOR WITH AXIALLY WARYING POWER 

. . . . . DISTRIBUTION 

The present invention concerns a current-bearing 
heating conductor whose power distribution varies axi 
ally and which comprises a metallic tubular body of at 
least approximately constant wall thickness and pro 
vided with a metal layer of axially varying thickness, 
and further concerns a method of manufacture thereof 
and a system for the performance of the said method. 

Tests are being performed in suitable circuits for the 
purpose of investigating the heat transfer from reactor 
fuel elements to the surrounding coolant. For such tests 
it is necessary instead of the reactor fuel elements to 
use electrically heated elements which simulate as ac 
curately as possible the distribution of heat production 
such as arises in the nuclear reactor owing to the neu 
tron flow distribution. Generally, the heat production 
varies along the elements in the form of a continuous 
function, such as a cosine function. 

: The manufacture of heating tubes with axially vary 
ing power distribution has hitherto mainly applied the 
following two methods: 

1. Heating elements are built up in stairway fashion 
from individual tubular pieces joined up by welding or 
soldering. This results in a tube of discontinuously vary 
ing wall thickness. The heating power, following the 
local wall thickness distribution, is therefore also dis 
tributed in stairway fashion. This method can only give 
an approximation of the distribution required. More 
over, it is highly labor intensive and provides heating 
elements of low mechanical strength. 

2. The second method consists in machining a tube 
around its outer diameter by grinding or turning, with 
the object of achieving the varying wall thickness nec 
essary for the power distribution required. This method 
is very expensive and demands a high degree of accu 
racy in the machining process. 
The object of the present invention is to provide a 

firstclass product as well as a cheaper and simple 
method for the manufacture thereof. Accordingly, the 
heating conductor claimed hereunder is characterized 
in that the body and the metal layer are directly inter 
connected metallically. 
The invention is now to be described by way of exam 

ple with reference to the accompanying drawings, i 
which - 
FIG. 1 shows a longitudinal section through a heating 

conductor; 
FIG, 2 shows a system for the manufacture of heating 

conductors according to FIG. 1, with the principal sys 
tem units represented; 
FIG.3 shows a longitudinal section through the heat 

ing conductor of FIG. 1 which has a thin-walled protec 
tive tube thereabout. 
Referring to FIG. 1, when a cylindrical body tube 1 

of constant wall thickness 8 is provided with a layer 3 
of a good electrically conductive material, such as sil 
ver, copper or the like, in such a manner that the thick 
ness h varies along the length L, the result is a heating 
conductor of varying power distribution. Such body 
tubes may present a length of 2 meters, an inside diam 
eter of 8.35 millimeters and an outside diameter of 9.5 
millimeters, for instance, while the thickness of the 
layer 3 may be 20 microns at the end of the body tube 
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2 
and 0 micron in the middle, for instance. Viewed in 

longitudinal section, the thickness variation may follow 
a cosine function. 
The heating tube shown in FIG. 3 presents a differ 

ence of 2.54 times between the highest local power in 
the tube middle and the lowest local power at the tube 
ends. After coating, the silver layer 3' may be protected 
by providing it and the body tube 1' with a thin-walled 
tube 5 which is drawn on or hammered on. 
Such a heating element may be manufactured galvan 

ically as follows, for instance: 
A galvanizing chamber 9, preferably made of PVC, 

through which flows an electrolyte 7, such a silver cya 
nide solution, and which contains an annular silver 
electrode 11 is longitudinally moved along a body tube 
1 at a varying rate. The chamber 9 is sealed by O-rings 
10 with respect to the body tube. The rate of advance 
of the chamber 9 is determined by a frequency 
controlled drive 15 controlled by a sound tape bearing 
a previously recorded program, as later explained. The 
program is produced by tone generators. During the 
process, the tube 1 to be coated is rotated at constant 
speed by a drive 16, in order to produce a layer 3 which 
is uniformly thick around the circumference. 
Accordingly, the points where the rate of advance of 

the chamber 9 is slow receive a greater layer thickness 
o, and vice versa. 
Immediately before and behind the chamber 9, the 

tube 1 is rinsed with water from pipes 17 for the pur 
pose of removing any residual electrolyte from the sur 
face of the tube or heating conductor. The system is ar 
ranged in a collecting tank 19. 
With the galvanizing station in operation, the electro 

lyte 7 circulates through the system. For this, a pump 
27 draws the electrolyte from an electrolyte container 
25, and a pressure controller 28 fitted into the pipe 30 
serves to control the circulation quantity of the electro 
lyte 7. The return flow is effected through the return 
pipe 32 to the electrolyte container 25. The system is 
arranged on a stand 21 presenting lateral bearing sup 
ports 22 and 23 which stand in the collecting tank 19, 
as shown in FIG. 2. The electric connection is effected 
from the positive pole 34 direct to the silver electrode 
11, while the negative pole 35 is connected to the bear 
ing support 23. 
To produce the aforesaid program tape for the con 

trol of the advance rate, the program is first recorded 
on a sound tape, which is then used to control the 
chamber. For this purpose, it is necessary to calculate 
the variation of the layer thickness and the advance 
rate in accordance with the given axial power distribu 
tion of the heat medium, in particular a reactor fuel ele 
ment. The next step is to calculate the variation of the 
control frequency in correlation with time: f(t). Fi 
nally, the function f(t) found is recorded on the sound 
tape intended for control. This results in a sound tape 
bearing the control frequency correlated with time, if 
(t), which can be used to control the feed motor of the 
drive 15. Accordingly, the entire system, comprising 
electrolyte 7, chamber 9, silver electrode 11 and drive 
15, moves in a programmed fashion ensuring that the 
layer 3 is deposited to the varying thickness required. 

In principle, though, it is possible instead to provide 
a body tube 1 with a layer 3 by vacuum vapor-coating 
or by some thermal spray method. This can be carried 



3 
out with a system which is basically controllable by the 
principle described. 

I claim: . 
1. An electrical resistance heating conductor having 

an axially varying electrical power distribution, com 
prising: 
a metallic tubular body of electrical resistance mate 

rial having approximately constant wall thickness; 
and 

a metallic layer of electrical resistance material 
coated on said tubular body and metallically and 
integrally connected thereto, said metallic layer 
forming a tube and being of continuously axially 
varying thickness, largest at both ends, and having 
an axial section appearing as a smooth bent curve. 
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2. The heating conductor of claim 1, wherein said 
metallic layer is connected to said tubular body galvan 
ically. 

3. The heating conductor of claim 1, wherein said 
metallic layer is interconnected to said tubular body by 
vacuum vapor coating. 

4. The heating conductor of claim 1, further compris 
ing a protective tube located over said metallic layer. 

5. The heating conductor of claim 1, wherein the 
thickness of said metallic layer, viewed in axial section, 
appears as a cosine function. 
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