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Intermediate Heet Exchanger Design Study of
25 MW Straight-tube Hexegonal Modular Type

Masaharu OKAMOTO and Toshiyuki TANAKA

Department of High Temperature Engineering,

Tokai Research Establishment, JAERT

(Received August 23, 1983)

The helium-to-helium Intermediate Heat Exchanger(IHX),
straight-tube hexagonal modular type was designed at
General Atomic Company{(GA). which heat duty is 421 MW . For
this type IHX, at the selection of basic design, emphasis is
placed on cost reduction and size reduction. Then small
diameter tube size(ll.l mm), with wall thickness of 1.2 mm
is applied to this IHX, necessary for the compact surface
geometry. The other side. the helical-tube type IHX was
designed at JAERI. which heat duty is 25 MW. This paper
discusses the referance design of 25 MW scale IHX. with GA
type application.
The basic feature of this type IHX is as follows.
(1) Thermal stress is reduced, as & result of using small
diameter and thin wall thickness tube.
(2) The possible improvements can make for higher heat
flux, because of short length tube, compare with helical
or U-tube type.
(3) The simple tube support can use compare with helical or
U-tube tvpe.
The conclusion reached is that GA type IHX is about ons
forth compactness and one forth weight compare with helical
tube ITHX.

Keywords: Heat Exchanger., IHX, Straight Tube, Modular Type,
Design, Compactnesss Small Diameter
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Fig. 3.1 Flow Diagram of Basic Design Sequence
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Plots of number of module versus shell diameter.
As a principle number of module increase vs. in
proportion shell diameter square, but using

hexagonal medule then increase by step by step.
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33 IHX Lt &

BIEICR LEEE Va2 - VEXATMEBO BRI/ Sc D& PE L 72 25 MW THX {14
% Table 32iCmAd o

HIDIETHR~NIED  EEET AL, TV a—H 4 X, BBEE D - VEEZRORERITD
BOF— S HRELTOA Y, EHERFORBICIIIEESY, RICRIERN, "Ea2 b
OBE, S, THX HBEGEFICLLEEZLONEH, KRG Tld Table3 2 & RMARIMET 4.

Tube material

IS /repair level
Assembly locatlion
Transportation mode
ASME Code Class

Table 3.2 Intermediate heat exchanger design data

(Straight tube type)
Plant rating. MW({t) 80
Excangers per plant 2
Loop rating. MW(t) 25

Secondary Primary
Fluid Circuit Helium Helium
Fluid routing - Tube Shell
Flow per unit, keg/s 7.6867 8.528
Inlet temp, C 277 240
Inlet pressure, kg/cmZ 43 40
Qutlet temp a5 375
Pressure loss, kg/cm2 .27 0.01
Log mean temperature B1.2
difference, C
Heat duty per unit, MW 25
Flow configuration Counterflow
Type of construction Straight tube
Assembly type Medular
Tube o.d., mm 10.5
Wall thickness, mm 1.2
Tube pitich 1.37
Surface area per unit, m2 1417.0
Surface compactness, mZ:/m3 50.1
Tubes per unit 3.330
Modules per unit Q0
Effective tube length, m 12.9
Assembly diameter. m 1.b
Assembly height, m 18.0
Assembly weight, torihes 34.9
Pressure boundary, kg/cm2 46 0
Thermal density., MW,m3 0.883
Thermal flux, W/emzZ - 1.7684
kcal, /m2. hr.C 248 .5

Hastelloy ¥R
Module
Faciory
Barge,/Trailer
Section 1II



JAERI - M 83 — 150

4. £ # F ¥

AFIROBAHIRE v = VRN & EICETRIC S B0, Fa— 70, ¥z vt ERND
HEEZORTIHESN S, BEROHELR, ERNOREIELRESORE L LILAREED
EEE T B Dittus— Boelter @, (4 — 1) #{#H L7,

A

a = 0023 « ¢ q

ye(Re) e Pt (4-1)

BHEP  10* <{Re<(12 x 10°
2T a: BrEE (kcal/m’«h- T
A A #GER (keal/m+ b+ C)
d - EHRE (m)
Re: 4 /I WZH
Pr: 75 v b
AKECTHRIT 240 REESESAMOBEREA T L Aot EREEIC L L5THEL,
EEAEICA y Y2 RBLHE LG LOEZHR LD TH S,

41 WHTFEEBEEECLLEHE

EEBOEANE (4 - 1) i©, MECFERER 4145 (4-2) AR,

Q=U-A- 4t (4 -1)
(BT 3— 1 RKFE L
dtav'_— (Atl‘—dtz)//iﬂ(ﬂtl/dtzj (4*2)

dt,, ; MEEHEREES (O

dt,, 41 @ RECHAOKES HREE O
EEGEE U RHE T, BERNAOEBEEEHOHBOBICER I RAOEER TR T
2 TR, v AMEICEBADOEMTEERETIHEST 2,

42 Ao aRnECLBHE

T oAER, BAONBEBRESGCEVT, READREEZ A ¥ 7y M DR
TR APETRETHHDTH L,

WHEEEEEZICLLHETE, RECUEEOREFEOEEBSFTRESNET NS, TOA
YA REC L BHETRCOSHBHEINDE, KO, MEEHREE X 3HETE, 8
GRU D EABADBECER TS 1| STHE I 2ANEEQBERMEEIOIATO DL
BA ST CHIEHL, Ay ¥ 2RO ETREEERSARNOREARICHE > TEET
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DEBGHETE S A, DHEEOEFHFESERCIHRESI NS,

PUTFicAy vaBEie kL 2itE 3 FORBEERIAS 5,
1 FE=

Fig 41K IHX QHBEEF VAR T AN E 2 - FCREREREE F = - 7R LL TS
5, BRicRbNAEEERE L ARSI 2BETH S,

Secondary He

Primary He

Fig, 4,1 THX heat transfer model
Ty ¢ Fa— 70~ LEHE
Tg @ o= M~ ) o AR
TW : %;_7'ﬂﬁﬁr§
G, AHBE o FTR, BREZBGES
'3:_'1‘77“9{"@& L/-C((\%)o)

@ FHERES L OME
o AN 5 v 2ADBGERE (4 1) ~ (4 =5) TiRd.

Q= (T, =T %K *A (4-1)
Q) = Toow’ = Toowd' T K Cy %k W, (4-2)
Q! = (T = T))kK, * & (4-3)
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qi:(Tsomi+1_ SOI[I)XC XW (4—'4)

s

q =q (4 —5)

(4*1),(4*2)ﬁfﬁ$®%%ﬁ@%@,Cﬂ@%:—*ﬂgﬁ@}vva®ﬂﬂ
5 v 2T, Primary He #f 2% LIZEUT X Db B80S, He #/ AFAL Tk VEEsSNH2EICE
Lz &AagRT, (4-3) (4*4)iUCHﬂﬁKVIJ%Wvav;WG%wﬂv/X%m
d FEAE - TR, EREO ARG L VBB REE, BRICK SHEICE
g B LB OBEBICES, Mo ERLA,
IHX@&@@%%%%?%C&@,%xvygmﬁvt LEE NS Y ADEENRD L TEK
0 REEGE, KA Y aOHOH ABRE Toaw |, Toow' & ERFRET, TH 5o
%%@%ﬁ%%%FgﬂﬁKﬁﬁoﬁﬁﬁﬂ—Ffu(4v1)ﬁ@b(4—5)&%’ﬁmﬁ
(OTRIEL, FE—CFa—THEL~n 2y va ¥ THEL, &4 Y aHON AREE
gz, 7L COIETHARRIR (4 - 1), (4 -2) RATRENCI—ATHD, R
HIES Ay v 2 MO ZBE T, W SEAEERE T 02 > THRI AL, 20BN EAER
FT AAYICREL A v ¥ 2 BOAREERK VT (4—1), (4 -2) AZWEIBET
Wn&ﬁﬁbm®ﬂvvlwﬁéo%vvakmﬁzﬁﬁ@mwﬂvva®mmﬁxﬁ§%ﬁk
L, IRAWCn Ay Vo £ THESZ, Ty = Al woLWTHEREMEC (4-3), (4-4) K
TN TEHET B, CETE, STIGEL HEARBERECOVTRE LitEREREIC SV
THE LS, (4—5) REBELTVWEYL, £TTRIE, Fa—-7H, o 2 D
SEERrEoS s, (4-5) Rg>0T, EHRERET. Al~n Ay ¥ all20THET S,
O AOIHEABYEL . RER Ko v HOFABE, Tew' T, EEEERET,)
B B BE THAAGET 55D TH B

43 HEZOLE

ccﬁm,ﬂﬁﬁﬁﬁg%m$é$ﬁﬁﬁmﬁﬁ%%&,ﬂvv;%ﬂm;éﬁ§%%®mﬁ
B LAEBDTH S,

SR, AFREHD 25 MWIHX TEAEARE 105 mm, B & F 137, 2K 7 — o,
90 & Va2 — WDy —ATH Do

WECEIEEEICE A AT, 25 MWOERBICHY 3 HECAERSEL, 128TTmTH 2.
COEREESTA Y VaREIEBHETHET 24, EHRE A 25,002 MW &75 b iREHE iC
L AEEREIN T, CEHEEER R EEEO S REERTHHOITHL, A
g VA REFETIE, NEOHERMEICS L 555, 30 5B TH S AP H 5o

PLEDESRS S (ZREES HAOEBES SO ESGERTNE, HECEaREZICE S
HETESTHLES 2 By BHAKHIETOEY 2 - VEES A — 5 CEERMRED 7T v
M, RERCHEEESICLAHERRTH L.
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TUBE SIDE ‘—F—— SHELL SIDE

Primary He ocutlet

Secondary He inlet

Tt1 ——
Qtl
1
l Tiout
Ty? -
2
A
Ttout
1—
Ttout
i B a——
Tt i
d¢
i
Ttout
n-1
Tyout
i R
Q¢

l

Secondary He outlet

9s

Gg

1

Fig. 4.2 Caleulation model of TIHX

T
q

Subscripts
t Tube side
W Tube wall
s : Shell side
i : No of mesh

Temperature at each node
: Heat transfer rate at each node

Primary He inlet
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5. ~VANF 2—THK DI

KEE KREOHEZEEL 3V 7 MUBBINCEI T 2 2B, DOREAREEER

L EEL IHX OREH AT D TH LN, LI TRAEDERFPEATRAL T AN AN
Foa—THRHEEASRTOBERELME L, EEEY 2 - VHIBEXOREELZEENITRTH LTS
bOTHD

RO EA v RS MR ORGRBALBORE THET 2L I AICES, BE
f1£% L h $Cost —Performance & W a2 =7 cHIBRELSHRETT 56D TH 5,

PR, BHET A MCETEF — S RAKRS THD A, LITHE, 3 V7 vk, ERLL
St b 0%, BIEHEED Cost —Performance &< 7oK HbH L7 -4 ThdEL, TOlL
BaiT-1T2bDTH Do

Table 5.1 1c LEBEEMBHDY To~) H va 4 VRIHX OISR T, AXBHOHEE S
D 2 — AEITHX HREEFIE Table 32 R L7, £ LT OMBROIHXEREZ LB LI D%
Tabies2 T L foo

Yoo VBT~ AT VBOER2 BRI THZOIFLEEE Y2 — VEPHEETHES,
FE SR ARSI B—H LT 0, BB R E RS S B b S,

ANEHIERAT DA ETERERICTES,

(1) 2w bR CDOTREFE Y2 —VEIOEPH 14 THS,

@ HBZOVTHHEBEEY2 - VRO 4 TES,

@) [EEEOEBEARIZEET Y2 — AVEDI6660 slicHt L~ U a4 AR 1080 /Al (mBVE
A3FEHELTEET 2 60ELT) T, ~VAvaA VBDENNE O 1T,
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Table 5.1

(Helical tube type)

Intermediate heat exchanger design data

Plant rating. MW{t) 50
Excangers per plant 2
Loop rating. MW{L) 25
Secondary Primary
Fluid Circuit Helium Helium
Fluid routing . Tube Shell
Flow per unit, kg/s 7.6567 8.57B
Inlet temp, C 283 840
Inlet pressure, kg/cm2 43 40
Qutlet temp 905 373
Pressure loss, kg/cm2 0.381 0.023
Log mean temperature 81.2
difference, C

Heat duty per unit, MW 25
Flow configuration Counterflow
Type of construction Helical tube
Assembly type One body
Tube o.d., mm 38.1
Wall thickness, mm 4.0
Tube pitch 1.42
Surface area per unit, m2 1508 .1
Surface compactness, m2/m3 13.61
Tubes per unit 270
Modules per unit —
Effective tube length, m 55,91
Assembly diameter, m 2.6
Assembly height, m 20.87
Assembly weight, tonnes 200.0
Pressure boundary. kg/cm2 45 .0
Thermal density, MW /m3 0.227
Thermal flux. W/cm2 1.658

keal/m2 . hr.C 305.1

Tube material
ISI/repair level
Assembly location
Transportation mode
ASME Code Class

Hastelloy XR

Cne tube
Factory

Barge/Trailer

Section III
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Sumary of significant date for each ITHX type

~ 'JjJ,'Vi":L—7§2

HET VA — ES

w0 =3 il W Ny =

e T S e S e
= 2 B N ™

EREY A X

ZRE K=

LB AR
=M R
HEER
Fa—FNY FUREF
F 2= TV EVAE
Foa— TNV ELHE
F -7V FLER
v W (SMED

vz RIE

ehERE #HEE
eE®OC 2D
Assembly height
fEEEREE
(EEEHEICHT 2MEH)

h

318 mm " X5 mm

55.91 m
210 A
1508 m’
bl8 tons
T00 mm
2080 mm
128 m
384 m?
2600 mm
60 mm
250 tons
1108 m?
20,870 mm
1361 m*/m*

105 mm’ " X 1.2 mm'

12.9m
3330 &
1417 m*
124tons
600 mm
1200 mm
12.8m
108 m*
1500 mm
38 mm
34.9 tons
283m’*
16,000 mm
50.1 m*/m’

h
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6. I HXDEEKRIZHT BHERET

AABHTIREDICI V2 —MKBELT BEIFEBROIE) 28, FETEHE Va2 - H
EFHBEDNS v RS WTHIEED X P REEZIT -k, 2F 0, [HKDEY 2 — AEEDEC
S THX F 2 — 78, ¥ = IR RE D LIRS AR RS 1D, £ O RIHX £
i vy MICEDIAX DA 29 3 b3 A PFEREN L. Z0O0H D ICFENET LK
ST JHX OF HBEEARELED, 208707 -0 v=v/azx O LERIKE S, (€
Y2 — VOB E S, IHX DS BEARFEOE s JUEAEEXOE(Lit >0 T, H3H
Fig 3—9, Fig.3—11, Fig3—12 8D &)

:z%i:va@@ﬁ@ﬁﬁmu%o&%&mﬁé,@%mﬂayzﬁﬁﬁféﬁfm%ﬁ%
ik PR 2 DORFERENT LEOTH D, BATEHES D,

Fig 6.1ic L5 v 2B HOEARENER L, CORKCHDOTUTIRRERAT V2~V
OB ARIHT 5,

Process Heat
Boundary

CORE AP,

REACTOR T T
:

T ]

Q1 Q
Primary He Secondary He
Circulator Circulator

Fig. 6. Basic model for cost-balance

Q1 : Primary He Circulator Power

Q; : Secondary He Circulator Power
AP : THX Pressure Drop (Shell side)
AP, : THX Pressure Drop (Tube side)
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RCREOREER I TR AES A
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DS LT, BE -EERNSOMBERUBATERIEEED L TNEEOE 0N, K
HETRIOXOEBHEOAREE LI, 7070~y FiCH$ 2B EE BRI THXICHE L)
Sodbod LEFAL
(@) (EEHEERMhOREE T SR BL LI ENE

SEOHETHEELT D,

3 AR oghE

Fig 6.1Ic B2 707 OHAEQ, Q: 25 F kw THEH, LOTFF —REFHFOHIIC
MESHBFBRICMBINS, £ TFigbl 0ARNARBERTO A Vv FEMAEZE 2TH kw
L EABBFONEE LG W 2231, kw & LTEREL 7
4 EEHEESORTEES (AHHE, SER, HERRELELED)

AEOFETIIER L,

B) & #F
40000 B & L 720 (8000 ®Ef > 5 )

62 FFEAHE

(1} THEX = & b

THX &0 tEd, CREHETENESRCHELEsnTh, BEANCERFED 2 MEIRWE
Bl 4 s b0E LTEBE L, 6, SUEI R btfd 57— 7 BRBICEIRIO B H
AR L BB SE LN L HIC, SEHOL D ICEWFERBO L VBSREIMEIC DV TIHIEED
F— s DEBIRETH 5, SEOHEHIE 2 FRBRRELICT — 7% TiIlITRT .
EEEEOEE 2R MIEREORMERICHFIT S DL L, 20000 7M. ton & L7z,
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L LT,
9 JaoT#EHIHE

Fig 6.1 R&Gcmd 80, 7o 7HHBELTE, LK%, 2RED2EDNT Y LBREE
BHET b

HEEOFEEE LT, 1K%, 2KRFHRICIHX 2B {RFOE BRI 1kg/on® & L, Fig
BlDE VA — VAT A~ BT B AP, 4P, FMA L EOET aTD~y F& LT
Tt BhosFtEBL TR 7o 7EIEE b %L L

6.3 HERER
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versus no of module



JAERI — M 83— 150

7. B b ) Iz

R B AR O AR B T, ARG TRENETT - BB ICRITREEL EFEEY . -
A FEEHROBR (N A AR, UFa—7vy 7 088 o L, BEaEshsvi
BICRFNC B EEESN TS, L LSEIT» IR OERTHE, LTTROEHEAE TN
OREEE 245 C L LD ROEEESE SN, DERENE QL DERAREIRLLT 5,
OHZBEDY VR T H5 10BN ZRE N ) OEEEREE A E  TE 506, NITERTTET L &
b oo '

LA - R TH, BRRBOEEER T A I O0TRE, ST EIT o700, B
MBOREELERFAT 2B 3Rk 0 X NICE T 37 - S BREATKTSH 2 T LB - T,
FLTCOF -4 8RR EESLELNLLDOTHD, OEKD, SO HIEEBOEWE
PIRMEER 7 4 O E i, SRR c 8UE0 2 M icBEY 2 T -  OERMIDENERL A
IR N (A

i

#H W

1) "HTGR Process Heat Program Design and Analysis,” GA-A15405, General

Atomic Company, October 1978.

2) "VHTR Engineering Design Study, Intermediate Heat Exchanger Program,"
C00-2841, General Electric, November 1976,

) "HHEEERST A ERP RN T, RHWmES, 1981

4) "HEMCTFEE ", P.10-5
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