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DESIGN OF A MATERIALS TESTING EXPERIMENT FOR THE INTOR* 

M. A. Vogel and E. K. Oppermao 

Hanford Engineering Development Laboratory 
P. 0. Box 1970, W/A-106 

Richland, WA 99352 

INTRODUCTION AND SUMMARY 

The United States, Japan, USSR and the European commu
nity are jointly participating in the design of an 
International Tokamak Reactor called INTOR. In support 
of the U.S. contribution to the INTOR design, the fea
tures of an experiment for bulk neutron irradiation 
damage studies were developed. It is anticipated that 
mater1als testing will be an important part of the pro
grammatic mission of INTOR and consequently the require
ments for materials testing in INTOR must be identified 
early in the reactor design to insure compatibility. 
The design features of the experiment, called a Channel 
Test, are given in this paper. The major components of 
the channel test. shown in Figure 1, are the water 
cooled heat sink (channel module) and the specimen cap
sule. The temperature within each of the 153 specimen 
capsules is predetermined by engineering the thermal 
barrier between the specimen capsule and heat sink. 
Individual capsules can be independently accessed and 
are designed to operate at a predetermined temperature 
within the range of 50 to 700°C. The total irradiation 
volume within a single channel test is 45 liters. Fea
tures of the channel test that result in experimental 
versatility and simplified remote access and handling 
are discussed. 

Table 1. Design Values 

Pocket 

Dimensions 103 x 90 x 300 em deep 

Channel Module 

Size 101 em x 66 em** x 15 em deep 
Number of Capsule Channels - 153 
Material - Stainless Steel 
Design Temperature - 200°C 
Design Pressure - 50 psig (0.33 MPa) 
Coolant- DeiuniLeli Waler· 
Coolant Flow Rate - 0-760 1/min 
Coolant Line Size- 5 em diameter 
Total Heat Generation- 427.5 KW 

Test Specimen Capsule 

Operating Temperature - 50 to 700 °C 
Size - 5 em diameter by 15 em long 
Material - Stainless Steel 
Heat Transfer Bond - NaK 
Gap Width - 0.2-0.75 mm 
Ga!J Melila - H~O, He Ot' Ne 
Number of Thermocouples - 2 per capsule 
Numher of Tubes to Gap - 2 per capsule 
Heat Generation- 1.62 KW (10 w/cm3) 

DETAILED DESCRIPTION 

1. Test Channel. The INTOR Qllocates two 1 m x 1 m x 
2m deep pockets for testing materials. These pockets 
are located between toroidal field coils, and are 

CHANNEL MODULE-.... 

SPECIMEN CAPSULE 

TRANSFER CART 

Figure 1. Materials Channel Test - Arrangement of 
Major Components. 

vertically centered along the plasma horizontal axis. 
Each pocket provides approximately 45 liters of.test 
volume. 

The channel module (Figure 2) which fits into each 
pocket is 101 em wide by 66 em high by 15 em deep. It 
consists of a rectangular stainless steel box structure 
which is penetrated by 153 capsule channels (somewhat 
analogous to a heat exchanger tube sheet). Capsule 
channels are open at the outward facing end and closed 
at the first wall facing end. 

Figure 2. Channel Module. 

*Work <;upported by U.S. Department of Enerqy Under Contract DE-AC14-76FF02170 
**66 em dimension does not 1nclude coolant lines 
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The capsule channels are arranged in staggered rows 
arranged on a triangular pitch. Water flows upward 
inside the module, perpendicular to and outside of the 
capsule channels. Instrumented test capsules (shown in 
Figure 3) containing NaK bonded test specimens can be 
inserted in any of the 153 capsule channels. The test 
capsule outside diameter is spaced from the inside wall 
of the channels by a gas or water gap. This gap space 
becomes "sealed" when the test capsule is inserted in 
the capsule channel. 

Figure 3. Test Capsule and Capsule Channel Details. 

Neutron and gamma heat deposited in the test specimens 
is transferred by conduction via the"NaK liquid metal 
to the capsule wall, across the insulating gap, through 
the channel wall, which is cooled on the outside by the 
circulating water system. 

Two l/16 in. O.D. tubes are provided to access the insu
lating gap near the top and bottom of each of the 153 
capsule channels. These tubes can provide inert gas or 
water to the insulating gap space. Two (2) 11nes are 
provided to the gap to permit either a static or dynamic 
supply of gas or water. In addition, they allow for 
on-line changeout of gas or removal of the water. 

Two pair of thermocouple leads are connected to each of 
the 153 capsule channels and are routed between capsule 
tubes along the top front surface of the channel module. 
The electrical leads terminate in an electrical connec
tor which is positioned near the entry of each capsule 
tube. This connector becomes mated with the test cap
sule thermocouple leads when the capsule is inserted in 
the capsule tube. 

ThE:! electrical leads (306 pair of thermocouples) and 
tubes (306) are routed from the channel module, along 
the water coolant lines through stepped openings in the 
shield plug. From therE:! they are run to instrument 
cabinets located on the operating floor. 

2. CoolJnt System. The coolant syst~m is designed to 
remove heat from the pocket module structure and the 
test capsules contained within it. Various coolant 
media were considered, including helium, sodium, 
sodium-potassium alloy, lithium, heat transfer salts, 
orgMI'ic: coolant3 o.nd ~tater. 
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The main requirements for the coolJnt are: 
High heat capacity and thermal conductance 
High boiling point and a freezing point below ambient 
temperature 
Low fast neutron activation 
Compatibility with stainless steel 

Helium has low thermal capacitance and conductance, the 
liquid metals require complex environmental control and 
become very radioactive, heat transfer salts are not 
well characterized and organics decompose under irradi
ation. Demineralized water, on the other hand, will 
be available in the IMTOR facility for cooling breeder 
blankets. It is easy to pump, handle, fill and drain 
and does not result in long-lived activation {except 
for corrosion products). 

It is for these reasons that water appears to be the 
best choice and was chosen as the pocket module refer
ence heat sink. The low boiling point of water is 
somewhat a disadvantage, however, by appropriate choice 
of gas and gap size, between test capsule and capsule 
tube, test temperatures of 700°C can be achieved with
out exceeding 150°C {the boiling point of water at 50 
psig) in the water coolant. 

It was calculated for 50°C tests that water coolant 
flow rates up to 760 1/min. are required to remove heat 
from the test specimens and from the channel module. 
Lower flo~/ rates can be used for higher specimen 
temperatures. 

Figure 4 shows the predicted water cooling requirements 
for various combinations of water inlet and outlet 
temperatures for a total heat load of 427.5 KW {1 .25 
w/gm average heating in the test channel module). 
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Figure 4. Pocket Module Water Flow Rate Vs. Outlet 
Temperature (To). 

3. Test Capsule (Figure 3). Each test capsule is a 
circular stainless steel cylinder 5 em diameter by 15 
em long. Material test specimens are positioned inside 
each capsule. 

A NaK liquid metal heat transfer bond is provided 
between test specimens and capsule wall. Each capsule 
is provided with two or more Chromel-Alumel thermo
couples for measuring test specimen temperature. The 
capsule wall thickness is adjusted during fabrication 
to provide a gap between 1t and the cap~ule tube. This 
gap is sized so that when it is filled with a particu
lar insulating gas or with water it will provide the 
desired test specimen temperature. This gap can be of 
~niform width or it can be stepped along the capsule 



axis to compensate for different heating rates between 
the front and the back end of the capsule. The top of 
each capsule includes a cylindrical canopy which seals 
the gap when the capsule is inserted in the tube. A 
metal bellows with a compressible space is provided for 
thermal expansion of the NaK bond. 

4. Gap Sizing Calculations (Figures 5 and 6). Gap siz
ing calculations were made for gaps from 0 to 0.100 em 
and for water, helium and neon in the gap. 

The results indicate that the entire capsule temperature 
range of 50 to 700°C is attainable with variou~ comb~
nations of gap size and media. These calculat1ons d1d 
not include the effect of thermal radiation and there
fore the gas gaps required are underestimated _at th~ 
highest test capsule temperatur·es. 0.0175 em 1_s bel1eved 
to be the minimum practical controllable 8ap w1dth, 
about 0.100 em, convection starts addin9 to conduction 
which makes temperature prediction less reliable. 
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Figure 5. Capsule Temperature Vs. ~later Gap Size. 

To cover the entire specimen temperature range from 50 
to 700°C requires moderate, intermediate and l~w_ther
mal conductivity media in the gap. These cond1t1ons 
are satisfied by water, He and Ne. Neon was select:d 
instead of Argon because of the reduced neutron actlva
tion of Neon which will reduce radiation problems. 
Calculations were made for each of the three media for 
50, 100 and 200% of the predicted neutron heating rate. 

Figure 5 shows the test capsule temperatures vs. water 
gap size. It can be seen that the range of 50 to 100°C 
can be covered by gap sizes from 0.020 to 0.070 em for 
the 100% reference case. 

Figure 6 shows the ranges of capsule tem~eratures . 
attainable with various gas gaps for Hel·tutn alll.l Neotl 
in the gap for heating rates of 50, JOO and 200%. It 
can be seen that a 0.017 to 0.075 em gap of Helium or 
Neon is capable of attaining essentially the entire 
temperature range of 100°C to 700°C. 

TEST OPEP..AT lOti 

1. Test Specimen Temperature. The IN!OR reactor will 
be operated in a cyclic mode of approx1mately 105 
seconds on and 35 seconds off. Because of thermal mass 
of the capsu·le and the off po~o1er part uf the cycle it 
will require several minutes of cyclic operation for 
th~ cop~ule to approach the dccirod ~piclmen 
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Figure 6. Capsule Temperature Vs. Gas Gap Size. 

temperature. Once this level is established a tempera
ture reduction will occur with each cycle. 

Additional gap width will have to be provided, to com
ponents for the loss of heat from the capsule durin~ 
the down cycle, so that during the on-cycle the des1red 
temperature can be reached. 

Transient thermal analysis will be required to establish 
specimen temperature as a function of s~ecimen capsule 
thermal mass, insulating gap and operat1ng cycle. Non
cyclic operating Tokamaks or Mirror machines w1ll not 
require any gap adjustment . 

2. Test Reconstitution. The proposed test system is 
designed to permit test capsule exchange and recon~ti
tution. Exchange is provided by means of the 153 lden
tical capsule tubes any one of which can accept new 
capsules or capsules from other pos~tions. _Reconstitu
tion is provided in the capsule des1gn. Th1s is accom
plished by transferrinq the capsules from the channel 
to a shielded cask. The cask is shipped to a hot cell 
where the test specimens are removed from the capsules 
for examination. After examination the test specimens 
are inserted in new capsule hardware for reirradiation 
in the channel module. 

3. Shield Plug and Transfer Cart. _The ~hannel module, 
coolant and instrument leads are sh1elded by a stepped 
shield plug. This shield plug is made of laminated 
steel plates and will have to be water cooled at the 
forward end. 

This 16-ton shield plug is inserted and removed from 
the pocket opening by using a counterweighted transfer 
cart. 

The plug is provided with a retractable support pad 
which when retracted provides clearance, and when 
engaged provides contact between the plug an~ the floor 
of the pocket. Movement of the support pad 1s accom
plished when the plug is secured to the transfer cart. 
At this point the plug is "unweighted" and the support 
is retracted to create a clearance. Insertion will 
involve the reverse process. 



. ...; ... 
CONCLUSIONS 

The concept described, namely, numerous, small, inde
pendently temperature controllable, test capsules 
accessed from a horizontal water cooled test channel 
provides a great deal of experimental versatility with 
minimal impact on facility operations. 
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