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Abstract

A three-dimensional conjugate heat transfer model is established for a spiral wound tube gas cooler
to investigate the effects of operating parameters on both sides of supercritical carbon dioxide and
water. Results show that strong secondary flow is formed in the tube-side inlet section under the com-
bined effect of inlet disturbance and spiral centrifugal force, leading to significantly higher local
Nusselt number than thatin the fully developed region. When S-CO: operates near the pseudo-critical
region, the convective heat transfer coefficient increases by 15%~20%. Doubling the water-side
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flow rate improves the overall heat transfer coefficient by approximately 22%. The synergistic heat
transfer enhancement mechanism of pseudo-critical thermophysical properties and secondary
flow is revealed, which can provide a reference for the engineering design and operation optimiza-
tion of such gas coolers.
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Figure 1. Schematic diagram of the spiral wound tube gas cooler
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Figure 2. Schematic diagram of structural parameters of the spiral wound tube gas cooler
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Table 1. Main parameters of the model

=1 BANTESY
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FEAR N B A% Deore/mm 159 JHLRE4E D/mm 175,201, 227
2.3. =HlF1E
BEEEME R
0
—~(pu)=0 2-1
&}mJ (2-1)
B R
0 0 Ou, | op
—(puu, ) =—| u—=|-= 2-2
%Omw)ai”®Jak @2
e B TR
0 0| A oT
- T)=—| 22 2-3
ox, (pul ) 6xi[cp 6xl} (2-3)
MiEG Ak
Ol ku.
PRACTUR | JCA LS ep (-4)
Ox, 8xj o, 6xj
TS RE FERL R 7
Oleu. 2
p2e)_ 0N BN ese pe, 2-5)
Ox, ox; o, )ox; k++ve

R(@2-4), -5, LRWHHC =max(043,7/(n+5)), 0,=1.0, o,=12, C,=1.9; Hrh, ¥y
BB FE TP~ LA G, = 1, - S, WHIKEFE g1, = pC k* & C,JE FI5K I e B A £ 33K FEE 1)
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EREER IR, 2 Z2M5E AT, SLP LR I TAE RS K. BRI R E A
293.15K, FeARRIHE R N 353.15 Ko SRR I BT 2 E M 0.18 kg/s £ 0.98 kg/s o, XN 5THE Re

M 585 F| 3147 BTG . KT RWHAIBE, KH Coupled FENS 5 /MU LT REE,  —Frid xUtg 20
TEHETE. BRI sl eI REFEHOT AR IR, R i B E v & B, a5 K08 0.8,
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Figure 3. Grid independence verification of the conjugate heat transfer model
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Figure 4. Numerical accuracy verification of the conjugate heat transfer model
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Table 2. Operating conditions for coupled flow and heat transfer of H2O/S-CO2
% 2. H20/S-COx SRR BN MA T

Tico,m (K) Tiom (K) Mo, (kefs) M0 (kg/s) Bico, (MPa)
353.15/363.15/373.15 303.15 0.06 5.06 8
353.15 303.15/308.15/313.15 0.06 5.06 8
353.15 303.15 0.06 5.06 8
353.15 303.15 0.06/0.09/0.12 5.06 8
353.15 303.15 0.06 2.53/3.80/5.06 8
353.15 303.15 0.06 5.06 8/9/10

4.1. S-CO, N\ OB E BRI N

5 kI A BRN IR X IR R R S SR 2N 8% S-COL R AL KR M I S M A . A
K&, BERSNHELE, Nuoca 5 hoca YIETER IR Z 1) ETHES, HAERSEIA KSR IZHE, &
THaE, XRWRARS) G HARESEN DBPHE R, EiRslEBR @it ans KERE. 7 Z=
0~250 mm [X 8], Nutioca 5 hiocal T KMEFE R, Aioca NI HH 400~450 KIEZETEZ 1000 247 124 Z>250 mm
Jei s PTRAR IS HKOE 2 B B, Nuoeal 322 /MBI, Aroca WA NG FEAUTIEAE, R BRI IATE
WEh R B OEE R RIBIRES, KBRS AR XA RN O Tl n] W, £ R
P, NEREBE, Nioa 5 Mo BUEHCK;

373.15 K LI NI Nittoear 58 353.15 K TIFEFHZ) 10%~12%,  hioea FEFHIREIL 15%~18%; Z Z =300
mm B, Sl T R B R R . N EE T S-CO, BB il i, H AR ik
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Figure 5. Variations of local Nusselt number and heat transfer coefficient on the S-COz side with inlet temperature of S-CO2(a)
Variation of Nuiocal on the S-COz side; (b) Variation of h_local on the S-CO: side
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Figure 6. Variations of local Nusselt number and heat transfer coefficient on S-COz side with H20 inlet temperature(a) Vari-
ation of local Nusselt number on S-CO:z side; (b) Variation of local heat transfer coefficient on S-CO; side
B 6. S-CO2 ] Nutocat 5 1 B H2O NREHIZEAL . (2) S-CO2 M Nutocat FIZEL 5 (b) S-CO2 Y Aroca BIZE 1L

DOI: 10.12677/mo0s.2026.156094

72

m

RS


https://doi.org/10.12677/mos.2026.156094

PUpTES

MG RKE, BERBIERIM, Nuoc 5 hoca YRR FAHES, HAERZ)E G KK
2, BT £ Z=0~250 mm X[A], KR Ao KIEZETF: 24 Z>250 mm Ji5, PHIEEIRIEK I BB,
B HPUNMERETE, Fsh SHM O T KBRS W HRE KN CHRE Tatal W, [F i &AL,
IR 1R FE AR, S-CO2 MM Nuttocal 5 iocar #8752 303.15 K T80 NI Nitiocar £ 313.15 K THAEFHZ 17%,
hioca FETHIREE RIS 40%; % Z = 300 mm I, (IGIR THOLARE AR R . KM DR FEFFR 22 1S K S-CO,
MEET 5 F AR BERE L, SR Y2 P B RS, TE]E 1 55 /K 52 BB R, AT S5 2 3R S-
COL M) JE e i bERE: Rz, KM ERET S 2 HI 55 PR 2083, SRR AR TR .

4.3. S-CO, N\ O ERIF N

7T gt TANE S-CO M DI ERE T, WA a8 Pl = H 5% 26 /R B 5 S-CO, &y ffxf i e i 31
oI sh J5 18 B 7 A

350 L —— M o, 5,-0.06kg/s 2200 __ —8— M; cq,;,~0.06kg/s
—0— M, o0,;,~0.0%g/s | —e— M, . =0.09kg/s
—h— M, o, =0.12kg/s 2000 scos
L c0,=0.12kg A Mo, =0.12kg/s
300 L Q 1800
X
= & 1600 |
S ~
& B
= 250 - ~ 1400
= =
= 21200 |
8 =
; =
v 200 - ~ 1000 |-
o
| Q
v 800 F
2l ._.”-.’.*rf’.“-“ 600
: @ | ol ®)
100 1 " 1 L 1 " 1 " 1 L 1 N 1 1 L 1 1 1 1 1 " 1 L 1 " 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Z(mm) Z (mm)

Figure 7. Variations of local Nusselt number and heat transfer coefficient on the S-COz side with S-COz inlet flow rate(a)
Variation of local Nusselt number on the S-COz side; (b) Variation of local heat transfer coefficient on the S-COz side
7. 8-CO2 M Nutocat 5 h B S-CO2 NOREHIZE . (a) S-CO2 M Nuttocal FIZEAL 5 (b) S-CO2 M /riocal FIZE L

BARKE, BEETRNEE BN, Nuocal 5 hioca ¥ ZIURFE ETHIMES, HAETS) G W83 i 22t
FHRaE: 75 Z2=0~250mm X[a], AFRE LI R Noca F hioca I BETR SN HERE B35 12T 24 Z>250 mm
Je, PITTEAR G KO R BRI A, B UL E & HBU/NE 7%, R RAR RS 5 H RS B E A 7S
Iy RIE. WA RGE THUA 0L, 76 R —H R AL E AL, S-CO, NIRERE, XA Nitocal 5 fiocar E K
K: 0.12kg/s T T Nutoca 2 0.06 kg/s TIHLHRTHZ) 90%, hioca $EFHIEFERE IS 100%; 2 Z=300 mm I,
m R LA R A D RRR R . N DR ERIE KR ERA T S-CO, MFUE S e, 52k
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Figure 8. Velocity contour of S-CO: side along the flow direction
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Figure 9. Variations of local Nusselt number and heat transfer coefficient on the S-CO: side with H20O inlet flow rate(a)
Variation of local Nusselt number on the S-COz side; (b) Variation of local heat transfer coefficient on the S-COz side
& 9. S-CO2 ] Nutoca 5 1 B H2O NTREIZ L. (a) S-CO2 M Nuttocat BIZELL 5 (b) S-CO2 M Aiocal BIZE1L

WS T, ASFEIKRE TR B Nutoca BT Aioca SIBEIRSIHES B E 3T, X HOAS R RN 190 &=
TR L, 7 A AL, KN DR S, S-COL M Nutoca 5 ioca fEEK: 5.06 kg/s T K )
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FrfesE . X —ILRMINLBEE T, KM & MR ST T /KM T it i B 5 R i 4 R g, MISS 1 /K i
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Figure 10. Variation of water-side Nuiocal and Selocal with inlet flow rate. (a) Variation of water-side Nutocal; (b) Variation of

water-side Selocal
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Figure 11. Secondary flow contour on the water side along the flow direction
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Figure 12. Variations of local Nusselt number and heat transfer coefficient on the S-CO: side with S-COz> inlet pressure(a)
Variation of local Nusselt number on the S-COz side; (b) Variation of local heat transfer coefficient on the S-COz side
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