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A Study on the Design Optimization for Regenerative Heat Exchanger
in Nuclear Power Plant
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Abstract

The letdown flow is cooled for the purification of reactor coolant in Nuclear Power Plant
(NPP). In order to reduce the temperature of letdown flow, the regenerative heat exchanger
(RGHX) is used with non-regenerative heat exchanger in most NPP. The RGHX has an
essential function that recovers heat from the letdown flow by heating the charging flow and
reduces thermal impacts on the charging nozzle. However, the performance evaluation and
design review of RGHXs have not been performed appropriately. Therefore, the design
features of the RGHX for various NPPs are reviewed and their performances are evaluated
for selected operating modes. Based on the review results, the RGHX design improvements
are proposed for more stable operation of the letdown system.
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Shell = Tube=
A A% 180 gpm AAFZ 150 gpm
AA%E 3025 psig AASEE ¢ 2485 psig
AAE%E 550 °F AALE 650 °F
Al : Austenitic Stainless Steel Al : Austenitic Stainless Steel

dustre] Fee o8 7EA7F oy 919 AADusr|d AHEe dudrle e 2 sk
AAZA wed ATAA ot glom oo Adgt duwgtr] FEEE double pipe, shell
and tube heat exchanger, plate heat exchanger, compact heat exchanger 52 & <+ it}
7}. Double Pipe/Multitube Hairpin & 1.$}7]

Double pipe/multitube hairpin & 2$F7]%= Shell and tube #HEje] Qustr]oj} A4l
TEMA standardel = YElY A ¢t} Shell 715S dtE tube ¢toll T2 tube’} 9 X3}]
counterflows HA ¥<& F A2™ shell ¢+l 1709] tube?} $1*]3FH double pipee] it o 2] 7] €]
tubeZ} $1A38Fo] u-tube FEIZ A2 EH+= dudr|= multitube hairpin udr|o|th, o]&2
ol el Ao Felsu a7 2 AS-dE g0 ARG E Bl 9

Z [e] F'::] %E 1= e
shell side : 4,500 psi -15°F ~ 1,100°F
tube side : 21,000 psi

e =

thekst A A2 A £ o AW 25 ~ 2000 ft'e] 7] A=to] 7}l multiple
unit Al &% 7Hsskth (FaEA] 4).

1}, Shell and Tube Heat Exchanger

Shell and tube heat exchangert 7}& &3] AFE % & dudkr]el e o] process industrylt
WA 2ol Wol AlgdY. #E y]Fo® TEMAES 2 &3ta gon vdst &2 kst g
go] 9wy S A=e = 9t Shell and tube HX+= AAS 8] #a7F 7tsste= Az
Rom F stFelAE AY 7 A A = vk ey 240 psi o]k 2 400°F o] &l A
= plate heat exchangero] W3] & WAWUALS "o oz HAHo|# Ksjrf. =3 2
ATY %2 temperature effectiveness (emax = 09913 AH$-d+= FHF LT}
(Logarithmic mean temperature difference; LMTD) XA A4 (F)9] ko] 2tolA]7] wit-o A4
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Shell side : 4,500 psi -15°F ~ 1,100°F
Tube side : 20,000 psi

;q] =z w 5_7]

ggd AdR A £ glow AdWA 100 ~ 10000 ft°e] Fwdr] Aol shEsth (Fa
A 4).

t}. Plate Heat Exchanger (PHE)

Plate heat exchanger?] % Z+% gasketted PHE, brazed PHE, plate and shell heat exchanger,
plate fin exchanger, printed circuit heat exchanger %°] It} dwtxg oz PHEE 09 °]49
high temperature effectiveness® 7FA|H plate ¥Z2o] 3 E5F turbulence®| =2 #2 dAE
&5 Zer (FaEA 4).

Ay ore o WO
760 psi -15°F ~ 660°F

2}. Compact Heat Exchanger

Compact heat exchanger3® <ol A= 3 Y& dudkr]e] F/FZ plate heat exchangere] W3
o® B 5 9lrh

Plate—fin Heat Exchanger
HAdd 1,500 psi
AbE2%E 1~ 150°F

Printed Circuit Heat Exchanger
Ho ks : 1,0000 psi
AFE2% 1 ~ 1,000°F

el HES vke} o] KSNPe| AALwEry] dA =1 (AAS=E 0 3,025 psig, A%
650°F)oll A At) 7153 dudly] de= double pipe/multitube hairpin, shell and tube HXo]t}.
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KSNPe] € 37]+= hairpin FEje] k7o) §EF7F tubeF o2 5251 A7} shellF
o7 320 Tube: u-tube FElZ A Fo] o3 JaFS WA o shellZo] = vent, drain
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28 1237]¢9 AALER37]+= multi-shell Feje] dustr)oln z} dw3l7]= shell and tube
HXolth FHF7F tubeF o2 3251 FEF7) shellF 02 521 o= KSNPO ALt
s} wrtjelth. U-tube® AR83tal 2lo] tubedl A3 EAIZF 517 @ ovt shellt shell Abel,
tube$} tubeAbo]l 7} ZFZF 2 inch, schedule 1602 Hj#o 2 AZA =] lo] shelle] EFFA A2
W g weFo] &4 s S-27F vk o9 22 FHEe § W E AMGEe A 2T
7F wbA Ao A 1999 7Y, AL g9 shelld} shellS AAdE UAE wj#tol| A cracke] ¥
Asto]l W2k A 7t FEE = AFaL7E Sl
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o % 1,257 AL ugr] (Westinghouse 3 4)

dF 123719 XH*ﬁ"éJT’-%‘rﬂT‘:— hairpin FEj2] du3lr]o] ™ shelld 53 tubed 50| ok
7 (counterflow)E ©]&t}. 43k thermal cyclingdl M= AAAHES FA5aL 45 X387 ¢
g o] &Hto] flv ¢ Q—XJXJ]E A= AdE 2o §iAl AAEA ‘:} FE57F shell5 2
2 523 FHAF7L tubeF o ®E 521 ol FmEFF YA (KSNP)¥ EHO]‘:P HEHA L
KSNPET 50% A% 3w AAH ol dwsly] de+= KSNPO zﬂ/ngoaﬂ 317] 9} SAFSIT}

@ &1 123 7] AL 3t7] (Framatome 4 4)

=7 12571 AL B7]) % hairpin FEf o] dughr]o
¥ 3 tube % shell & 2% w7
or saELE AHAHGoW o
0% 8= AW AT HA F
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vk 94 234 7] AAAGsr] (CANDU )

WA GstE AEiA WaA BExe EF2RY JA4A AAFeR FaE o]
interchanger (3335-HX1) % cooler (3335-HX2)E& Ay o]2ndr] Ao =33t %
(500°F) oA 65C(149°F) = Wzt t}. Interchanger:s KSNPS AAAugt7|o] 715& 33
] coolere FE&FAu37]9 7|5S 33t} Interchangers TEMAS®] F shell & (FEU)2|
7|2 shelle] dojulgko g AWo] MHXHo| 2 shell pass7} ¥ o= LMTD

(F) %< ZA 33l temperature corssE& WA ste] 31 & R Bo] WZAZ 4 Qv 1¢
U F shell Fej= ARl ©hdo] ofe] 91 A4 leakage’} TAT F 3l He 5
Aol WAtz Age dudty] A3 7H7F ol gt

vh BWR 24 AAAugr] (GE 24

BWRo = A3 A%Eo2 RWCS (Reactor Water Clean-up System) ©] 912 RWCSo| A o] &
wekpExe]  FAZETMA] WAl g E W7 98 AAEusr] 2 nAAdasty)
(non-regenerative heat exchanger)’} Ab&%w AW Gu7]= AFodAel d&4dES Has)sh
th. BWR AL tubeZ 02 §E5, shellZ02 24571 521 y-tubed AME3E
shell-and-tube FEje] FAg A3y A 747 HE=2 AZA o] v}
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AARE, AAYEE F W shells, tubes 52 2 Abol7t glot gredtae 3
shell2 AA® 318 12579 AADws7)o)|A thi A

KSNP Al Qi 37]= tubeZoll #&=, shellFol Sd7F a2 e 1287], 94 123
71, &4 125719 ARG nr]= ojg wrjelth. 5 KSNP fouling W& F2Ask 24
AE7b dd oz A% 255 tubeF o2 33l QPR By @3 FHSE shellFel]
shlow v dudrle 2 ol B FEFE shellFol wiAste] Add FAE5 &
|

AHALS G} 122717 M A HAdRE, A2 2 9 1237 A8

719l FE2E7t b BE Aor Edr
94 234579 ALY E= ADdAHo] KSNPY 12v) ooz w9 2 dwgdrloln 4
AAAERTE 7 20 vER ok €4 2343 7] AALdudr]= PWRe Ao A
71 2 &5 WM g gEre v gl A9 sl
24 BALE AYANE7]) Fsnl
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5 fouling 7oA Frtstddnh. 18la AA FaE AREuI] (3 457]) A1E
Qg 20 diste 7t ANDwdr]e] AEe Hristden 53] KSNPO dist 4%
AdFE NFAe} vluste] Hrkel AAdS glstarA sk =3 LMTD 24 AT (F)
Aol z+ AEngr]e] AA AAANE HAESIG

AEe +dgoly 771 AAd SHAA B o 5L ¢ B2 FERXE H 22 T
=5 Yehile ARG w77t vz & ol

7} HTFS. TASC |9ust7] AA m=

HTFS.TASC Z =+ shell and tube ¥ 8 % multitube hairpin FES] G dtr]o] o)A
design, checking, simulation =2 A4tsk ¢ Qe dudr] A ZZolw HTRI ZE=9F &
A g AREE AL Yk HTFS.TASC ZE== U 4709 ALt =7 glow Zhzhel] digk 7]e
< ol e}

il

1) Design ®= @ Fojxl AAez g Fao thad AFx oM HHo w4 £ HA
HES Vlger dudrs AAF

2) Checking 2= @ AAE dusr|7t Fox dugdr] Sl &7 2319 dRsts £84% +
A=A Aste ARER AN Ade dA dde W43 eqde @AY W] v

(ratio)® e}

3) Simulation X : Fo|%A shelld % tubes JTERAOZHE dustr|e He 2 7
z1S8 Aiks

4) Thermosyphon : thermosyphon reboileroll A ¢] 4% 2 reboiler §,& 7 8j3ol A circulation

ol 4 4 2 AN

HTFS.TASC ZE=+ @ A4 714, boiling liquid, condensing vapour, =& Z%7]4] 5ol
] L
m 5

C
e #d, E£3}, ol A% % subcooled 5 o= FANAE dwdr] %5 2 A



st glom ol FHoz 3T gas industry, THA T dudtr] AA AFEEHI
AUTH
U dEAE AAEwdr] 4ot
D AFE/83sd 4%
k) Charging Letdown
c T FE&(b/hr) |ATFSE(F) | EFL5ZCF) | #F3Ub/hr) [YF25(F) | & TS%(CF)
KSNP 477.0 289.5
g 1.2 466.3 299.2
24 12 30800 120 1854 37500 564.5 93] 8
4% 1.2 504.4 263.9
2) HAdFE/d2ed +d4x7 (Sizing &
k) Charging Letdown
c T FEZ(b/hr) |ATFSE(CF) | EFLS5ZCF) | F3Ub/hr) [YF25(F) | & TS%(CF)
KSNP 546.2 442.0
a9 1,2 539.5 4445
24 12 22000 130 FA58 67500 564.5 1429
9% 1.2 556.2 438.1
3) HaFrE/Aued +4x21
W] 2 Charging Letdown
c T F#(b/hr) | TEECF) |27 25(CF)| % 0Ub/hr) | TS%(F) | ETF2%(F)
KSNP 250.7 133.7
g 1.2 249.2 139.3
24 12 52800 120 959.4 67500 564.5 1275
4% 1.2 253.8 122.3
4) KSNP Agx27 (&7 457 A45Hd, 4473)
W] 2 Charging Letdown
c F & (b/hr) | QT E(CF) [ EF25CF) | F 3 (b/nhr) | Y F25(F) | & TS %(CF)
A A 9} 493.7 249.8
KS |Fouled 471.2 274.1
NP |[No Fouled 503.1 244.8
22000 90.6 67500 566.2
2 1.2 538.5 435.2
312 545.7 432.5
43 1.2 557.3 4279
o ANy ds HJrr A3
T ANFE/EFA 2dd gEiA 93 1257 ARG e FEETF 7P Ba
THEE 7P wom 3y 1237 AALQu@TdN FELEF M w3 SA2EE bR
A vEbth 8] 12371 shell and tube FEIS] dudty] A AE FAER AAs Y
LMTD EAAS F) #S A & F 2do] shell and tube k719l @&H <l temperature
cross wAE B == oy shellEd tubes 50 HEFF7F ¥+ multitube hair pin 9
He duslr|iy dAg g&o] MAFA &&=
HafrE/Au5d AL 43 1257 AREunE7 o] 5257 7HE 9a S EE
7 Eow a1y 12357 DTN FE2 7P 7V =6 SAEEE 7BE 9A YE
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7] NdZAIAT ASFE/ASE5A 219 dd HTFS.TASC Z=E o|&3to] 7z} ¢

<3 4
wrle] s A AddPE 9% 1257 AADusrloA Mg vt e daEs 4
T AATE =3 HTFS.TASC =¥ o]&3te] KSNP AAGwsr & F7igk Aol Alg4)
7} A XA E doy fouling?] JFo WA= Aol A= o2k WY uldA &
AT} ANAAF7 ARz dudr) o HAeH7AA foulinge] FFS A3 o =3fo] wb
ke Aol FaFTS & F Ak

2 dFEHF>=2 (LMTD) 23 A4 (F)
Augty] AAoA 7|EHog A& g A& ofget 2t

Q=UA,[MTD]
Q = Heat exchanger duty, Btu/hr
U = Overall heat transfer coefficient, Btu/hr-ft-F
Ao = Effective external surface, ft*
MTD = Mean temperature difference, °F

9] 2]& obgf e} o] thA & F gl

Q=UA[LMTD]F

LMTD = Logarithmic mean temperature difference, °F

o714 F= &7 (true counterflow)=H-H e ogS HAsr] 913 LMTD XA ol
A% 1237], €2 1237, 9% 565719 AL}/ E hairpinF B2 SUlsER7E A5
2 F#He 1o "y 38 1257] AA+= multi shell and tube FEje] AAAFwZ72 A S
W5 FLEA (LMTD) RAAS (F) & 27 stdem 28 157% F=0922 Fgk w3l
e AAg dAZ & 5 vk a8 125794 A7l E 1 shellz AAE 49 Fghol
ol AA Frar <l F = 089 =LA gy o] temperature cross® Ao =

25 AAAng7] HAAA AL

Shell and tube FEje] 22> duwr|5S AEd2 Adste] AT g 12579 22> AA
w3yl Fej7F LMTD EA4AF (F) < ZA & 5 o] shell and tube FE{ A= {2
AAZ B 4 AT multitube hairpin eI KSNP, 9% 12357], €% 12357] 529 AL
w7 nvlEiA AAYd 2 A SHodA fEleket B 4 flok. E3F multitube hairpin 3 Ej
o] ALYV} FAI WA FEF S5 ¢ A T 5 Ao FEd AyE ] 3
HZ 5 4 At} Multltube ha1rp1n ﬁEH«] duw3ty] T 9% 12357] Zﬂ*goéu-%ﬂ«} HEHH

= e = KSNPQ] AN TS A ANk o] AAINHe] 2
3t multitube hairpin |2 3} 93 1257 AAE FHa=E ASSH WA
7] SizingS T7HAZE £ AS Aot E3 &4 H7] E HFE %ffﬂ KSNP éﬁ]"ﬂi 2
Ayl E FHo2 Hx =2

= =9 fouling SHAA FE== shelld 5 S7HA75 Aol ‘ﬂ}%’f’—q & 7/4\0]‘3}.
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AL o] Jee 4 2 AAXAS s & o KSNPY 93 125 7] 04 2= 3)aL
A+ multitube hairpin & e} ] dusk7|7p 7F A A bt
Multi-shell and tube FEjo] AAALwZ77F A5 WA FET Aoz Aztyy 22 274
A 238 KSNPY 933 1257 AAGusr|vg §&54 227 =4 28 & & o g
A 71344 Fdoluy AlEed SHolA multi-shell and tube FEj2] AL wE7] = vpEZ
st etk A AT A ddie AREuITE L A 2o dis] Brhe 4
I g 125719 22 FH AALuRI|7L M £ Aee HEY fEFY 2LEE
10°F o] @& 4 Ao AT &4 FHAA 71 FeEstrh. KSNP A w7 o] ds S
Al AAMNAESE AT A9 FF 12579 AAE Faste dugr|e AVE FIHAIE

wpoto] A AT Aol

L
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1. Standards of Tubular Exchanger Manufacturers Association (TEMA), Seventh Edition,
1988.

2. Standards for Power Plant Heat Exchanger, Third Edition 1998, Heat Exchange Institute.
3. Heat Exchanger Design Handbook, G.F. Hewitt, 1998

4. HTFS Workshop Proceeding "Introduction to Heat Exchangers and Their Design” May 20,
1999. Seoul, Korea.

5. Final Safety Analysis Report for YGN 1&2.
6. Final Safety Analysis Report for UCN 1&2.
7. Final Safety Analysis Report for Kori 1&2.

8. Final Safety Analysis Report for YGN 5&6.



¥ 193312 ALy 44 2 &4 A5

I KSNP g 1237 <7 1257 3} 12357
3 o hairpin TEMA NEU hairpin hairpin
shell 4~ 1 3 (series) 1 1
AdE A (ft%) 222 246 (82x3) 295 345
29 olr&d
(]EO:L*; A shell/tube | 5005/ oges | o485 /2735 | 2486 / 2813 | 2485 / 3100
23 Q.
(?Fﬂ] & shelltube | 555/ 65 650 / 650 650 / 650 650 / 650
A =) v} 3k vertical horizontal horizontal vertical

shell/tube #%

tube-letdown
shell-charging

shell-letdown
tube—-charging

shell-letdown
tube-charging

shell-letdown
tube—-charging

shell, tube 5%k |true counterflow F;ﬁ:ﬁg{é& true counterflow [true counterflow
fouling factor

(Hr ft% F/Btu) 0.00025 0.0003 0.0003 0.0003
A} O = O S

%C’_:" T?;E 0T/ 5645 / 2925 541 / 285 547 / 284 560 / 290
3 A= =) © o)

;;;OIT(?)“E T/ 120 / 478.8 130 / 4834 130 / 496 130 / 518.7
AReARTF Fa/

=4 (gpm) 75 / 61.6 40 / 30 60 / 44.7 74.6 / 54.8
34 ¢ A% & ]

shell/tube (ft/sec) 17 / 84 28 /64 2.06 / 3.25
) A} O EEE

A AHADLS gy 1y 17 / 16 0.75 / 0.25 -

¥ 2. 94 234%7] Interchanger (3335-HX1) AA A&
AA AF shell (charging) tube (letdown)
g 1080 gpm 1120 gpm
AALEE 535 °F 535 °F
A= T/ET) 150 °F/445.3 °F 511 °F/225 °F
A A 1870 psi 1870 psi
A% 1400 psi 1600 psi
& 2.6 ft/sec 2.36 ft/sec
A4 carbon steel Incoloy-800
=®A/E 10"/10" 10"/8"
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