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The Nuclear Process Heat Project incorporates two types 

of steam generators. The primary steam generator, which 

is integrated in the prestressed concrete reactor vessel, 

PCRV and the secondary steam generator which is used in 

the intermediate circuit and located in the gasification 

plant. 

Figure 1 shows some general design criteria for the primary 

steam aenerator. 

The design of the primary steam generator can be based on 

the experience gained with the THTR steam generators, 

although there are differences regarding the boundary 

conditions. 

/// 

Design Criteria for Primary Steam Generators (figure 1) 

- Inspectability of all pressure retaining parts and 

bearing structures (or backup-structures) 

- Protection against fretting 

- Compact design i.e. small diameter 

- Height of steam generator shall not affect the height 

of the PCRV 

- Possibility of tube plugging 

- Removability (only for unexpected events) 

- lifetime of 40 a at loading factor of 80 % 

- Heat surface as small as possible (Tritium) 

- Low pressure drop on He-side (circulator-power) 

- Flow stability up to low reactor power (decay heat removal) 

- Simple fabrication 

- Possibility of transport to all possible sites in 
Western Germany 



Compared to the THTR steam generators (Figure 2), which 

have been assembled and delivered to the construction site, 
there are some additional requirements especially with 

respect to inservice inspection. On the other hand the PNP 

primary steam generator permits some facilitations with 

regard to boundary conditions and requirements, which are 

shown in figure 3. 
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Based on these facilitations the choice of the PNP steam 

generator concept permitted consideration also of less 

complicated designs. Since this steam generator does not 

include a reheater, there was a greater length available 

for the high-pressure, tube bundle. This is an important 

boundary condition which provides advantages especially for 

a straight-tube design. Since generally for a straight-

tube steam generator with greater length a smaller tube 

bundle diameter can be expected, (at an equal pressure drop on 

the gas side) there was a possibility to obtain a 

reduction in the PCRV diameter by using a straight-tube steam 

generator. In addition, it is to be expected that fabrication 

costs of a straight-tube steam generator are lower than that 

of a helicoil design. So it was decided last year to concentrate 

the activities on this type of design to obtain a state 

of know how comparable to that of the helicoil type. 

Based on preliminary thermohydraulic investigation and a 

basic study, Figure 4, a contract was placed with the company 

"Balcke Diirr" to prepare a detailed design of the straight-

tube steam generator, including manufacturing procedures and 

stress aspects. It was tried to find a concept having particularly 

good characteristics with regard to thermal behaviour by minimizing 

the differential expansion between tubes and support structures 

to obtain an uncomplicated expansion module. From various preli

minary concepts finally a concept was selected, in which the 

complete steam generator rosts on a central pipe, surrounding 

the hot-steam return pipe. 

In addition, the heating surface was subdivided into bundles 

of seven tubes each with subheaders at the feedwater side. 

In the course of the design work done by Balcke Dttrr it became 

evident that, in contrast to our proposal, this design resulted 

in an expansion zone which is feasible but presents great 

complications in fabrication. 

Based on the consideration that compared to the THTR the problem 

of hot streaks is likely to be less pronounced in the PNP steam 

generator due to the preceding steam reformer, Balcke Diirr 

proposed to design the steam generator as a "real" 

straight-tube heat exchanger, in which all tubes between life 

steam und feed water header are rigidly fixed and the expansion 

zone is transfered to the three feed water inlet tubes (Figure 5). 



Furthermore, the feed water and hot steam headers were modified 

on the basis of stress calculations and fabrication considerations, 

trying at the same time to reduce the volume of the feed water 

header. This is the state of design work obtained as a basis for the 

detailed comparison of a straight-tube and a heiicoil steam 

yenerator design, which is currently being carried out. 

Fig. 6 shows a comparison of the main design data. Major 

differences arise in the following items: 

heat surface 

number of tubes 

water / steam velocity 

tube bundle diameter 

tube bundle lenght 

It can be seen that the water inlet velocity in the straight-

tube steam generator is very low, which will possibly lead to 

stability problems, expecially in the low-load range. Due to the 

inlet and outlet flow regions required in a straight-tube steam 

generator on the gasside, the advantage of the smaller tube 

bundle diameter has hardly any effect at all. In both these 

regions of the straight-tube steam generator comprehensive 

experimental investigations must be initiated with respect to 

pressure drop and flow distribution. 

Apart from that, the following evaluation items may be taken 

for the comparison (figure 7 ) . 

Since in addition to the other topics, i.e. the design concept 

and the design data, also the behaviour during transient conditions 

and accidents is of importance, and since the state of know how 

on the general concept is not yet sufficiently comprehensive, it 

is extremely difficult to establish a real comparison of the 

concepts at the present date. 

At the moment particularly the potential of both concepts for 

transient conditions is being investigated, so that a conclusive 

Main topics for comparison of straight-tube vs. heiicoil 

steam generator (figure 7) 

- Acces for inservice inspection 

- Cavity diameter 

- Component Maight 

- Methods of wear protection 

- Fabrication costs 

- Behaviour during transient conditions 

- Accident behaviour (p.e. water ingress) 

- Load change behaviour 

- Tube plugging 

evaluation is not yetpossible. It can, however, be fundamentally 

stated that the expected advantages of the straight-tube steam 

generator have been confirmed only in part. 

For the secondary steam generator (Fig. 8) which is located in 

the gasification plant a steel pressure vessel is used. To 

minimize the dimensions a compact heiicoil tube bundle was selected. 

The main difference in the design parameters (Fig. 9) between 

the primary steam generator and the secondary steam generator 

is the low helium outlet temperature which results in a relativly 

great heat transfer surface, mainly for the economiser. 

It is a main characteristic of this design concept that all 

pressure vessel boundaries are cooled by the cold outlet helium. 

The only hot region - the steam header - is connected with the 

vessel closure by a thermal sleeve. 

Fig. 8 shows two types of tube supports, but neither may statisfy 

the special requirements of ISI and wear protection. 

The design analysis for the secondary steam generator was 

carried out also by Balcke DUrr on the basis of preliminary 

design studies performed by GHT. 



WVVttVMrtTftA Schmit durch eine Dampferzeugereinheit zum 
300-MWe-THTR-Prototyp-Kernkraftwerk 
Schmehausen, BRD 
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1 AuRnrer Abschlud 
2 Innerer Abschlul i 
3 ZwischenubertiiUer-Dampfaustritt 535°C, 49bar 
4 Dchnzone 
5 Hochdruckdampf-Austr ia 550 °C. 186bar 
B Spannbetonbchalter-Durchdringung 
7 Zvvischcnuberhitzer-Dampleintritt 365 °C 
B Speisowassereintritt 180 °C 
9 Kernrohr 

10 Haliumaustri l lZSO'C 
11 HD-1-Biindcl 
12 Dampfcrzeugcrhemd 
13 HD- l l -B i indel 
14 Zwischcnubcrhi lzcrBundcl 
15 Hotiumointritt 750 0C 

Sectional view of a steam generator unit for the 
300-MWeTHTR prototype nuclear power station 
Schmehausen, FRG 
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1 Ouior closure 
2 Inner closure 
3 Rohoaier steam outlet 535 °C. 49 bar 
4 Expansion modulus 
5 HP steam outlet 550 °C. 186bar 
6 Prostrosscd concrete vessel penetration 
7 Rehcater steam inlet 365 °C 
8 Feed-water inlet 180"C 
9 Central column 

10 Helium outlet 250 °C 
11 HP-l-bundle 
12 Outer shroud 
13 HP-l l -bundlo 
14 Reheater bundle 
15 Helium inlet 750 °C 

-13 Section d'un generateur de vapeur pour la 
centrale nucleaire prototype de 3 0 0 MWe THTR 
de Schmehausen, RFA 
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1 Fond cxtoricur 
2 Fond intcricur 
3 Sortie dn la vapour du rcsurchauffcur 535 °C, 49bars 
4 Zone de souplcssc 
5 Sortie do la vapour HP 550 "C. 186bars 
6 P6neiration du caisson en beton preconlraint 
7 Entrdc de la vapeur du resurchaulfcur 365 "C 
8 Entree de I'nau d'alinientation 180"C 
9 Tube central 

10 Sortie d'helium 250-C 
11 FaisceauHPI 
12 Chemise oxterieuro 
13 Faiscoau HPI1 
14 ,caisceau resurchauf/eur 
15 J •Hrced'h6l ium760°C F i g . 2 
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PNP PRIMARY STEAM GENERATOR 

thermal power Mj/s 

straight-tube 
design 

154,3 

helical design 

154,3 

Helium_side 

He-flow rate 

inlet pressure 

pressure loss 

inlet temperature 

outlet temperature 

max. outside tube wall temp. 

He-velocity 

water^side 

H20-flow rate 

steam outlet pressure 

pressure loss 

feed-water temperature 

steam temperature 

feed-water velocity 

steam velocity 

max. inside wall temperature 

design-data 

inner tube diameter 

outer tube diameter 

pitch 

tube length, total 

economizer 

evaporator 

superheater 

number of tubes 

heat exchanger surface 

diameter of the inner tube 

bundle diameter 

bundle height 

inclination angle 

kg/s 

bar 

bar 

°C 

°C 

°C 

m/s 

kg/s 

bar 

bar 

°C 

°C 

m/s 

ni/s 

°C 

mm 

mm 

mm 

m 

m 

m 

m 

-
m2 

m 

m 

m 

73,85 

39,8 

0,29 

695 

293 

633 

43,7 

54,67 

115 

0,27 

150 

540 

0,48 

13,4 

586 

12,4 

16 

29,5 

20,1 

8,4 

6,7 

5,0 

1018 

1029 

0,27 

1 ,096 

20,11 

73,85 

39,8 

0,28 

695 

293 

618 

21,1 

54,67 

115 

7,29 
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'540 

1,75 

48,8 

565 

12,4 
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45 

51,3 

22,0 

17,9 

11,4 

280 

722 

0,61 

1,78 

13,28 

15 

Fig. 6 
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P N P SECONDARY STEAM GENERATOR 

thermal power MJ/s 202 

Helium_side 

He-flow rate kg/s 71,1 

inlet pressure bar 40,65 

pressure loss bar 0,54 

inlet temperature °C 750 

outlet temperature °C 203 

He-velocity m/s 17,7 

water_side 

H20-flow rate kg/s 72 

steam outlet pressure bar 115 

pressure loss bar 6,5 

feed-water temperature °C 150 

steam temperature °C 540 

design-data 

inner tube diameter mm 

outer tube diameter mm 

tube length, total m 

economizer m 

evaporator m 

superheater m 

number of tubes 

heat exchanger surface m2 

diameter of the inner tube m 

bundle diameter m 

bundle height m 
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CONSTRUCTION AND PERFORMANCE TESTS OP 
A SECONDARY HYDROGEN GAS COOLING SYSTEM 

K. SANOKAWA, M. HISHIM 
Tokai Research Establishment 
Japan Atomic Energy Research Institute 
Tokai-mura, Naka-gun, Tbaraki-ken 
Japan 

1. Introduction 

With the aim of a multi-purpose use of nuclear energy, such as a direct 

steel-making, an experimental multi-purpose High-Temperature Gas-Cooled Reactor 

(VHTR)1 ',l ' is now being developed in Japan Atomic Energy Research Institute 

(JAERI). In order to simulate a heat exchanging system between the primary 

helium gas loop and the secondary reducing gas system of the VHTR, a hydrogen 

gas loop as a secondary cooling system of the existing helium gas loop was 

completed in 1977, and was successfully operated for over 2000 hours. 

The objectives of constructing the H_ secondary loop were : 

(1) To get basic knowlege for designing, constructing and operating a high-

temperature and high-pressure gas facility. 

(2) To perform the following tests ; 

(a) hydrogen permeation at the He/H2 heat exchanger (The surfaces of 

the heat exchanger tubes are coated by calorizing to reduce hydrogen 

permeation.) 

(b) thermal performance tests of the He/H- heat exchanger and the 

H2/H2 regenerative heat exchanger 


