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From the standpoint of energy saving, the future operating
temperatures of process heat and gas turbine plants will become higher.
For this purpose, ceramics is the most promissing candidate material in
strength for application to high-temperature heat exchangers. This
report deals with a servey of characteristics of several high-temperature
metallic materials and ceramics as temperature-resistant materials;
including a servey of the state-of-the-art of ceramic heat exchanger
technologies developed outside of Japan, and a study of their application
to the intermediate heat exchanger of VHTR {(a very-high-temperature gas-

cooled reactor).

Keywords: Ceramic, High-temperature, Heat exchanger, Alloy, VHIR,

Design, Strength
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2.1 TREEMHOIE

O&®D ] 1 SEKTEAT VL AMEHBMO 2 AT TONETH 505, REOAIST (Am-
erican Iron and Steel Institute) T2 Cr%% 4004, Cr-Ni%Z% 3004, Cr—Mn—Ni %
% 2004 {ECriitzisA % 500 SDHLETHK - TV B, £/ ASTM (American Society for
Testing Materials ) TREENKEL 5 SMESNTHE UK Bhsses, 2HLESEEELU
STBUVENFNOETEN,ICGRINTN S,
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AT, WMEBELE% Table 2. 1 X S ICKBI L THRODH ~7,

Table 21 Classification of alloy
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Ni B #AER
CoB M # & &
CrAm#HEE
Mok it #v & &
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2.3 MERMHMOER

(1) 7 =74 bR

7254 b RIHAEE L TRENNL SO, Cr MoMIRUBECIHTH 5, ChoiBmE
WMEv-Ts, VHTR CEREHEBOLOTIREL, Cr —Mo i T3 500 'C LI T DREMHEEK
REEMNTH D, HCr M TEIERMILSNL TV AbDICB 12 Cr#idrHD, BNILEDT
2650 CETORBETA A7+ 1 I RMHBALICIRT AMBABEELZT T6b08H 4o

7254 BB ORENL DL o T, Fo{LEES% Table 2 2R T,
21 A—RFFA R

7254 PRIZHEANT, £ ZAFF 4 P RMWESO RS SHBELSEL TV 505, Zhod
SHEIMOHVOREDE, F—RAFF4 VRAF VL RET, CORTS 26Cr —20Ni 8
i, FOBNLHEN O HARBEL{HUP T3,

FhA —RF A P RICHHET L ERANTREVLY, FrEE B0 F /L 28 & MiE
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ZhoOREHREDITDNT, ZDLERST % Table 2 310K T,
3 #BEES

TGS IOV TREO = v F VESEPL 350 b EASICE KTV, Blict — 27+
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FitshtcbDTH . (Fig.2 288R)
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2 v%&RE4 . M 252, Waspaloy, Udimet 500 73 EDE&@MFIE LI,

s =y r VEASORENL D20 T, £D{L¥H45% Table 2 5 IKRT,
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7 ) TFVEAS

Mo iRERL 26256 L 50 CT, ¥0OABL20FE Y ) - 7THEZREBOB HASSICHAEBD T
B, CTORDREARBHBIELSIEEICE -TVEIETHB, Moid480TC BLETRENL
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Chemical cemposition of nickel base alloy (2/2)

Table 2.5
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Table 2.9 Pressure vessel calculafion expressions

for various codes
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Fig. 4.6 Silicon carbide heat
exchanger subheadering
components.

Fig. 4.7 Manifolding of silicon
carbide heat exchanger
for coal-fired closed-
cyecle gas turbine
application.l)

Fig. 4.8 Finned surface geometry
for gas—~to-~gas silicon
carbide tubular heat
exchanger.l)

Fig. 4.10 Silicon carbide tube with
internal and external
extended surfaces for
high-temperature gag-to-
gas heat recovery.

Fig. 4.9 Tubular ceramic heat
exchanger embodying
secondary surfaces for
high-temperature furnace
gas heat recovery.l)



JAERI — M 84 — 080

14)

Fig. 4.11 Recuperator for

to Fig. 4.12 Heat pipe.
furnace. '

T Spli

trer

Zowe ek

Fig. 4.13 Layout of heat-pipe heét exchanger.lA)



JAERI — M 84 — 08D

iy
“_m?ﬁ:!

P,

IR I by LR

Fig. 4.14 Heat-pipe heat exchangers manufactured
in the UK (reproduced by permission of
Isoterix Ltd).14

. Flue gas— - “absarbing -

Cexit v

) Refractory
partition

| Insuiation

Hext;;;ono!
M~ array

of ceramic
~ hegt pipes .

. Flue gas Preneated
infer .- stream ' .7

Fig. 4.15 Concept of ceramic heat-pipe heat
exchanger.l



JAERI — M 84— 080

double tee K
HP, \ - HPy

#=n 4 o

T2 R

Fig. 4.16 Supporting structure for
a V-module (rigid struc-
ture on the LP—side).lS)

len
§ height
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Fig. 4.17 136-MW thermal power

compact recuperator with
multiple V-arrangement
for nuclear power plant
with helium turbine
cycle.15
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Fig. 4.23 Ceramic plate-fin counters

Fig. 4.22 Developmental ceramic
flow recuperator module.

plate-fin heat exchanger
module for vehicular §as
turbine application.1
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Fig. 4.24 Silicon carbide tubes with enhanced
surfaces.l
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