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DESIGN, CONSTRUCTION AND OPERATION EXPERIENCE 
OP THE HE-HE INTERMEDIATE HEAT EXCHANGER 

M. ITOH 
Nuclear Power Development Division 
Ishikawajima-Harima Heavy Industries, Co., Ltd. 
Tokyo 
Japan 

1. Introduction 

The multipurpose utilization of nuclear heat is now 

attracting public attention from the viewpoint of improving 

and strengthening the energy supply structure. By the multi

purpose utilization of nuclear heat it means utilization of 

nuclear energy not merely for generating electric power but 

also as a source of process heat for steelmaking, chemical 

industry, sea water desalination, district heating, and so 

forth. Now that high-temperature heat energy is required for 

such direct use of nuclear energy, a high temperature helium 

gas cooled reactor has been brought into focus of attention 

as one type of nuclear reactor for its application. 

In Japan, the research and development of direct 

steelmaking technology using high-temperature reducing gas, 

that is, nuclear steelmaking, has been taken up since 1973 

as one of the national research and development programs by 

the Agency of Industrial Science and Technology of the Ministry 
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of International Trade and Industry (MITI). In May 1973, 

the Engineering Research Association of Nuclear Steelmaking 

(hereinafter called as "ERANS") was established as an 

organization, whose role was to implement and promote xhis 

project in the most efficient way. At present, fifteen 

business organizations including IKI and one association 

are the members affiliated with ERANS, and research and 

development work has been kept in steady progress with the 

cooperation of universities and various research organs. 

Ishikawajima-Harima Heavy Industries Co., Ltd., in 

its capacity as one member of ERANS, has been performing 

"Research and Development of High Temperature Heat Exchanger," 

as a part of "Research and Development of Direct Steelmaking 

Technology Using High-Temperature Reducing Gas." 

The general outline of the nuclear steelmaking system 

is illustrated in Fig. 1. This system is designed for 

production and heating of the reducing gas with the use of 

nuclear thermal energy and for the final production of the 

reduced iron by means of high temperature reducing gas'. 

2. Objectives of Research and Development of High-Jemperature 

Heat Exchanger 

One of the important factors to be considered for 

the utilization of nuclear thermal energy as a process heat 

is to prevent the fission product from mixing into the 

processed product. For this-reason, safety considerations 

have led to the adoption in Japan of the system generally 

known as the indirect heat exchanging process, which is 

characterized by an intermediate heat exchanging loop con

necting the nuclear reactor with the utilization systems. 

Research and development work on the high temperature 

heat exchanger has been progressing and is being directed 

to the subject matters of the intermediate heat exchanging 

system ana the main unit of the intermediate heat exchanger, 

which play important roles in the whole process, as mentioned, 

previously. 

The conditions required for the primary helium, which 

is the cooling medium ror the high temperature gas cooled 

reactor, are prescribed to be i,000°C in temperature ana 

to kg±'/cm2 in pressure at the outlet of the reactor, while 

the conditions required for the secondary helium at the outlet 

of the intermediate heat exchanger are prescribed to be 

925°C in temperature and ^5 kgi'/cm^ in pressure. This means 

that relatively high temperatures and high pressure are 

required for the system. 

The purpose of the present research and development 

project is to establish a design method, safety evaluation 

technique, and safety-securing measures to be applied to an 

intermediate heat exchanger and to the overall heat exchanging 

system, which will satisfy -hose strict operating conditions 

as mentioned above. Research and development works on the 

high temperature heat exchanger have been and are being 

carried out on each and every item listed in Fig. 2. 



The objectives of the R & D are roughly divided into 

two categories: the first concerning the development of 

high temperature heat exchanger itself, and the other the 

heat exchanging system. In order to develop an ideal type 

of heat exchanger, we have established the design criteria 

and performed a number of experimental tests on the charac

teristics and efficiency of thermal insulation, vibration, 

augmentation of heat transfer, laminarization by heating, 

and so on. In addition, repeated experiments followed on 

safety problems, which included hydrogen permeation and 

research on wear and self-welding. 

. On the basis of the results obtained from these 

basic researches, the design and construction of 1.5 KV/t 

intermediate heat exchanger had been brought to completion 

by the end of 1977. Further, the design, fabrication and 

installation &£ a high temperature helium test loop, required 

for the operation tests of these high temperature heat 

exchanging equipments, had satisfactorily been completed, 

and the operation of the test loop has started in the latter 

half of Fiscal Year 1978. 
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3. High Temperature Helium Test Loop 

The high temperature helium test loop v/as designed 

and constructed for the purpose of carrying out examinations 

of overall functions and performance of the high temperature 

heat exchange system and also for the purpose of ascertaining 

the functions of the individual equipments, which were the 

main objectives of development under the "Research and 

Development of High Temperature Heat Exchanger" Project. 

To be more specific, the individual equipments were 

designed and constructed by incorporating the results of 

various kinds of basic researches, and thereafter the 

operating tests have been conducted on those equipments 

integrated into the test loop. Figure 3 shows the flow 

diagram of th-:- high temperature helium test loop. 

The circuit system of the high temperature helium 

test loop is structured similar to that of the heat exchanging 

system of the nuclear steelmaking plant. The test loop 

consists of primary helium circuit, secondary helium circuit, 

and heat utilization system in its main circuit and the 

auxiliary system. This has been put into operation since 

the latter half of Fiscal Year 1978 throughout the year 1979, 

as was originally scheduled. 



4-. Design and Construction of Ke-He Intermediate Heat 

Exchanger 

The high -temperature heat exchanger which has been 

taken up under the present project is placed under research 

and development for the purpose of obtaining basic data 

required for the design and construction of a high temperature 

heat exchanger to be used in an experimental plant for direct 

steelmaking. This experimental plant will be connected into a 

50 MWt multipurpose high temperature helium gas cooled reactor, 

which is planned for the second stage of the project. 

As was explained previously, the He-He intermediate 

heat exchanger is to be used under, conditions of extremely 

high temperature, specifically 1,000°C in terms of primary 

helium temperature and 925°C in the secondary helium. In 

order to design a high temperature heat exchanger which will 

meet these strict requirements, as many results obtained 

from basic researches as possible have been incorporated into 

the design studies carried out from technical standpoint. 

As regards the type of intermediate heat exĉ .TJiger, 

a helical coil counterflow type has been adopted upon com

parison and evaluation made on several different types as 

straight tube type and others. Helical coil type is con

sidered to have advantages from the viewpoint of its size 

and heating surface. 
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As for the selection of the material to be used for 

the heating tube in the high temperature section, one kind 

of heat-resistant alloy was decided to be. selected from a 

list of seven such kinds of alloys which were designated as 

"candidates." Inconel 617 was the one chosen by us as a 

result of detailed examination and deliberations. Incoloy 800 

and Z\ Cr.lMo steel are used for the medium and low temperature 

zones depending on the required temperature of each tube. 

The principal specifications of the Ke-He intermediate 

heat exchanger are as stated in Table 1. 

The general arrangement of the He-He intermediate 

heat exchanger is illustrated in Fig. 4. As is shown on the 

picture, the component parts to be exposed to extremely high 

temperature are arranged along the axis of the heat exchanger; 

and the overall structure is designed so as to form the axial 

symmetry. 

For the construction of the He-He intermediate heat 

exchanger, technical investigations and preparations were 

conducted with particular attention on manufacture and 

fabrication of the heating tube bundles. The major investi

gations ares 

- examination on the necessity of the tube bending 

method to be applied to the heating tubes, and on the 

necessity of solution heat treatment; 



- examination on the welding method to be applied to 

the welding joints of the same material as well as 

of different materials; 

- trial construction of a moctaip in the scale of actual 

helical coil bundle; and 

- trial production of a supporting structure for the 

heating tube bundle. 

5. Performance Test of IHX 

The operation tests of He-He intermediate heat exchanger 

were conducted to confirm the performance of IHX at the 

rated condition with the primary helium of X,000°C at the 

inlet and the performance at the partial load condition. 

The test also confirmed the efficiencies of thermal insulation 

of the internal insulation structure and the function ana 

stability of the components. 

The total test operation time consumed and the 

start-up/shut-down frequencies as of end of October 1979 

turned out to be as follows: 

Helium circulation operation: ^,0^0 hours 

Heat-up by gas heater:- 3,509 hours 

High temperature test operation: 1,80>+ hours 
(primary helium teperature at IHX inlet above 900°C) 
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?ull load test operation: 864- hours 
(primary helium temperature at IHX inlet 1,000°C) 

Number of start-up and shut-down: 24-. 

The followings are the summary of our test results 

on the IHX. 

1) When the primary helium at the inlet of IHX was 1,000°C 

in temperature, the secondary helium was heated up to 

925°C at the outlet of IHX. It was confirmed that the 

experimental results were in good agreement with the 

estimated values, except small adjustments in the amount 

of primary helium flow. The experimental results in 

comparison with the predicted performance are shown in 

Fig. 5. The flow of primary helium had to be increased 

by 5f of the estimated value, in order to obtain a 

desired temperature at the secondary helium outlet. 

This increase by 5£t however, is regarded as a reasonable 

adjustment for the verification of the heat transfer 

in IHX. 

2) Actual heat transfer coefficient in the helical coiled 

tube bundle was proved to coincide with the experimental 

results of the basic research upon minor corrections 

on several factors. Also, the efficiency was confirmed 

on heat transfer augmentation by the radiation plates. 



3) Distribution pattern of the tube wall temperature in 

the helically coiled zone coincided with the estimated 

values as well. Unbalance of any noticeable degree was 

not recognized in the flow distribution and heat absorption 

within the tube bundle. Figure 6 shows the axial tem

perature distribution in the helically coiled zone of IHX. 

k) The tubs bundle was extracted from the shell for inspec

tion of the internals after completion of all the scheduled 

operations for fiscal year 1978. 3y the inspection it 

was confirmed that every part of the internals had been 

kept in as good condition as at the initial fabrication 

stage. Photo. 1 shows the internals of 1KX extracted 

by the crane. 

5). Good result was also attained on the efficiency of the 

internal insulation in the intermediate heat exchanger. 

Temperature distribution pattern of the insulation 

structure was very similar to that of the estimated values. 

6. Conclusion 

Starting on the basic research in 1973, we have been 

devoted ourselves to the research and development of this 

project for the past seven years up to the present stage of 

test loop operation, and the results sc far obtained have been 

to our great satisfaction, 
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The project will further proceed step by step into 

the advanced stages in the future, and we not only expect 

that our experiences up to now will be effectively utilized 

for the fulfilment of the overall project, but also hope 

that our efforts and endeavors win contribute to the 

extended application of nuclear heat energy in the world, 

Table 1. Specification of He-He intermediate heat exchanger 

Type ! Helical coil, one-through type 

No. of unit ; 1 

Tube side 

Shell side 

Fluid J . Helium 

Flow rate | 1,780 kg/h 

Temp, ent./leav. 

Press. 

Fluid 

Flow rate 

Temp, ent./leav. 

Press. 

Heat transfer 

Tube 

Helical coil 

Shell 

Material 

Size -

Number 

Pitch 

No. of layer 

Dia. max./min.-

Material 

Outside dia. 

Height 

327/925° C 

45 kg/cm2 g 

Helium 

" 1.740 kg/h 

1,000/379° C 

40 kg/cm : g 

1.32 x 1 0 ° kcal/h (1,535 kWt) 

Inconel 617, Incoloy 800, STBA24, Hastelloy X 

25.4 mm O.D. x 4.0 mm t 

30 

45 mm (trans.) x 40 mm (long.) 

3 

780/600 mm 

2-1/4 Cr • 1 Mo 

1,555 mm 

13.180 m 
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Photo. 1 Releasing operation of intermediate 
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