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Study on the intermediate fluid vaporizer supercritical heat transfer test system

ZHOU Bing, CHEN Yongdong, WANG Yandong, NI Ligang
(Hefei General Machinery Research Institute Co., Ltd., Hefei 230031, China)

Abstract:To address the lack of sufficient validation for the thermodynamic design methods of intermediate fluid vaporizers (IFV)
and the inadequacy of research on IFV heat transfer testing technologies, a fully structured IFV test prototype was developed.
Additionally, an IFV supercritical vaporization heat transfer performance test system was established using liquid nitrogen as the
working medium.Laboratory tests on IFV supercritical heat transfer and flow performance were conducted.The results show that
the root mean square deviation of gas-phase temperature measurement points in the experimental system is within 1 °C,and the
deviation for liquid-phase measurement points is within 0.1 °C, demonstrating good temperature uniformity across the measurement
points.The thermal balance error of the working medium on both the hot and cold sides is within 5%, indicating that the prototype
and testing system are reasonably designed.For [F'V boiling heat transfer, the Cooper criterion is found to be overly optimistic under
conditions of low wall superheat.Instead , the Mostinsk criterion is recommended, with an additional 10% design margin.The error
between the corrected heat transfer coefficient calculations and the experimental measurements is less than 5%.Under experimental
conditions, the measured average condensation heat transfer coefficient is approximately 20% lower than the calculated value
based on segmented calculations.The causes of weakened condensation in the intermediate medium are analyzed ,and improvement
suggestions are proposed from the perspectives of structure optimization, heat transfer design and commissioning and installation.
This research provides experimental and validation support for the design of IFV supercritical heat transfer systems and serve as a
reference for the engineering design of IFV products.

Key words: intermediate fluid vaporizer (IFV ) ;supercritical ; heat transfer; test system ; performance tests
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Fig.1 Typical structure of IFV
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Tab.1 Design parameters of IFV prototype
El E1/E2 E2 E3 E3

Bi]
H R R T
i WHE Wkt K Ko AR
TR /°C 65 100 100 100 100
I ESI/MPaG 6.0 25 1.0 1.0 6.0
WE (B, -155/ 20.0/  20.0/
) 23 0 455 95 7P

R 2 IFV HENBRAE NG

Tab.2 Specification of IFV heat transfer tubes

I H B /mm B AR A fm?
El 2 800 6(HE) 1.003
E2 6091 3(UEE) 1.091
E3 2000 7(HE) 0.836

Bl 2 EVE2 &H45H

Fig.2 Tube sheet structure of E1/E2 exchanger
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Fig.3 IFV prototype
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Fig.4 IFV supercritical heat transfer test system
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Fig.5 Point measurement of IFV testing system
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Tab.3 Main parameters of measuring equipment

WRH EEORR RN 2 W
e TERE SN e
= CMFO50M MPM 480 MD]]\)/EI(_)I;IS_ STYB

HFE 0~800kg/h 0~2MPa 0~500 kPa —200~250 °C
H £0.1%  +0.1%FS  20.1%FS 0.2%

5

TAERAEE -40~60°C 0~50°C  0~50°C  -10~60°C
ZEVIE 4~20mA  4~20mA  4~20mA  4~20 mA

2.3 R AABEAR

ARSCHEST T IV BB I SR AR 56 PR 85 1
VeI, R St I P AR B R i & 12224

(1) RGEZS . B SRR 224 IFV 3L
AR AS SE RS TR LS, il — R S R 2XZ-4
e i 25 28, AR 4 Ls, IR R 1A 5
T 1.33 Pa/6x1072 Pa (S HHITF / SHE) o WFTsT
KA SRR, AT e ST TAERR P,
o s A 23 5 OGP BRI, PR SO P Al <
R AR B R LA B, T DR — BB (] 4 700
25, W AR e R e R R R A H AR (Cn
10 Pa) AN

(2) NbEFEE . o R e PR ot [ e P28 2
FoRE, MRAH PR e R . 05, BRI
WA N 0.69 m’, E ST i E R H T
DIREE TN e 7o =

(3) B FEDLBLAL S 56 % 2w A
B I TRE R BN, BN ENE TR B iR
JE 1 6 MPa; FtHeaxh A% vy il o) 4 A 5 2 28 415
O, R R Gk EE ) 545 R 10 min, K528 R[]
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Tab.4 Temperature uniformity index of the E1/E2 exchanger shell

ARV Y WA
T PR/ BT REISME PERRES /. BOOR RESM TERE S B ARSI
C T2 ES < T2 ES C T2 B
MP1 9.337 0.523 0.056 10.343 2.707 0.262 8.831 0.140 0.016
MP2 8.996 0.808 0.090 10.030 2.839 0.283 8.260 0.141 0.017
HP1 8.418 0.732 0.087 9.470 2.867 0.303 7.334 0.135 0.018
HP2 8.057 1.064 0.132 9.128 3.004 0.329 6.295 0.134 0.019
HP3 7.407 1.232 0.166 8.515 3.151 0.370 5.300 0.129 0.020
1) FEBRECHII A 6 (O 5 2) A 55 AT SR A B
32 RIARGM T WMARIEH BT R
IR RN DR AR 166 ~ o o
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Fig.6  Temperature difference between liquid nitrogen and

heated water in the test system
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*5 IFVIRIERSGRAMFANEHRFERIZER
Tab.5 Heat balance between liquid nitrogen and water of IFV testing system

T WA KA PerfirR s

ik / (kg-h™) FJE MPa e kw Jidd /(m®-h7') e AW (%)
MP1 147 2.428 10.624 10 10.569 0.51
MP2 161 3.105 11.159 10 11.209 0.45
HP1 194 3.980 12.991 10 12.772 1.69
HP2 220 3.986 13.972 10 13.457 3.68
HP3 251 4.200 14.656 10 14.396 1.76
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Tab.6 Design parameter model of phase change heat transfer within the same bank
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Fig.7 Coefficients of heat transfer (COE) in E1 exchanger
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