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Abstract

The power conversion system using supercritical carbon dioxide is the frontier of the current in-
ternational energy and power field. It is very important to analyze the critical flow of supercritical
carbon dioxide. Based on FLUENT15.0, the critical flow of CO; under different aspect ratios and
Stagnation parameters is numerically simulated. The numerical simulation results are compared
with the experimental results of Wisconsin University, and the error range is between 15% and
25%, which validates the applicability of software simulation. The critical flow mechanism is dis-
cussed when the thermal parameters and phase changes of the pipeline are obtained when the
critical flow occurs. The numerical simulation results provide support and reference for further
experimental research and theoretical research.
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Foo IRE T M RGN RCR . I BT R IR, W S I B EE Y TR AE 450°C~650C 2
(6], S EEHEASHE TR 2E7E 150°C~200°C 2 1], 37% 7 K HE i BB BE (1] FBIG S — AL TR 1) R4
eSS T B AR, BN RGN, N RRL, A RARE S
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GRS A 0. P Liu 25 NI T2 A 5 R G0 R R744 (T EULER) BIAR I SR AT 92 (3], 1551
SRR (1 7 AR BE A o
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MBI T BHOM, HHRIT I, BRI ST Lo Bk S B TR Se i iR 4 %
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TR P R AR, e 2. A I I R A AR AN RUE AT . A ST B
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Figure 1. Sharp expansion and contraction pipe model
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Figure 2. Two-dimensional axisymmetric model of pipeline
B 2. BB MR

inlet v

Table 1. Pipe geometry
= 1. BEEJUAIR

KAz (L2/R2) 3.7 7.3 14.7 48
R1 (mm) 127 6.35 3.18 14
R2 (mm) 6.35 6.35 3.18 7
L1 (mm) 46.5 6 2 7
L2 (mm) 46.5 46.6 46.6 336
L3 (mm) 46.5 6 4 28

PR I (um) 4.3 43 4.3 15

Table 2. Stagnation parameters of upstream of different pipelines

F 2. AEEENLIFEFLESH

KAz JE /1(MPa) (KO
19.5 412.85
3.7
19.2 536.85
19.5 411.15
7.3
19.3 534.45
19.5 416.05
14.7
19.2 531.75
19.5 413.15
19.2 533.15
343
48
363
10.1
378
403
2.2. HxIRE
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i, IR LT 2 R Redlich-Kwong FUSE AR T (I A 1) o Tt A ALk Fepr e k-epsilon #5270
(=X 2)FbruERETHIAR AL . AR S AT PISO Jrik. 28 Mk B H S el —IRvE B EL, & 71H
TG EE . B E AR R TR IR T EH kS B PR T SR T R B A T R A I e XUk =X
o7, AL [5]H, as b 23 A E 8RN 5118 (14 51 S Ao 1A A 51 23R 1) R-K #2877 FE 2
1EZ & Too Pl UM i SR B A 5 it s R O UREdE 1E &

RT a

P= - 1
V,-b _2 W
T2V, (V, +b)

5

212
a=0.4278 RT, )

R

b =0.0867 RT, (3)

c

2.3. WX B BRAE S 4

X R P e B AR T 3.7 (LR D)IIEIE, #4118 6 x 66, 10 x 111, 20 x 222, 40 x 444, 80 x 888
BRI A S, A RI453] 330, 925, 3700, 14,800, 59,200 & k&Er, MIASIEARNIE S TE.

FEUE T W O AR EE % 8 19.2 MPa. 536.85 K, H & AR 0.1 MPa. 300 K. AN ¥4
F X1  J 2Q o IR B s R 3.

WA & B 59,200 Y THH T B FE S SIS M EL iR 2 B/, HUGR MM ECR 14,800, 454 % e B4 %
PR R T E AR LR, 1595 40 x 444 R4 T8, BNRIRE RS 2128 0.32 mm x 0.32 mm.
3. BERE S

HIWrit S A =% 1) HAOBREREALT, REFfRE; 2) HOEERES5NOME; 3)
W BR AR B TR 220 2 /D B ShR vt 1073,
3.1 EESHTH SN

RS R 3. P Liu 25 A UL R744 (—5AA0ER) A N2l A 71 52 NI R A CS2L8, W9 R744
RS TPIRBIRE, JRE S S BE R W 4 m AR AR AL o A SO XS H S IO HEAT AR5, X ER A NI
3T, SRR BN R S

EIERXAMNY O ER, RSP E IR RSl KA SRR W E, WA 4. R T 4ERIR RS, EIE
WS RE I 5.

Table 3. Grid sensitivity test results value
7= 3. PSSR MR G REE

PENEIE LS TP
Fluent SEIG

330 36,489 31,800 14.7%

925 36,695 31,800 15.4%

3700 36,668 31,800 15.3%

14,800 36,259 31,800 14.0%

59,200 36,076 31,800 13.4%
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BB N IR S R AL B AR A T S SR ] 3 ek 2. LR At al o N =00, BB
NEBERNLDE, KRN, B BRI FE T, BEBONEER DR, KB UGRE TR, |
TR BN LA FAR SR IR B RORR A RN 2, ASBETEANTS 3 BN VRN B s 0 880 4
MR, H BAEBEE HE DAAF S D ACEE RIZL IR, B AR A0 B BE B R AR T R B AR
b, IF HAEE W R AEAHAZ[6] [7] [8] [9], PRI SEe 25 5 AN Re ks it oS B BB A0 . {F S B 22 () AR AL 3
Fe B, IXRE T I AR IE R 1

K 3 th4k 1 4k 77 8.52 MPa, i 309 K IFSEIG S5 L, A1 A RIRE A =B, i DB R J7dl T
B, HRIEBE P TR, sl R, TR SRS I ) ARk A A [

2R EIE E R R, TS BT R T, RAR IR SN 309 K 4R . FEBIRERNR
M, 2% L2l RS2SRt 24 2 (& 4), BEANTIREH 35.2°C (309 K)[A 45°C (319 K) B Ft, HE
B R 18 B . ARALSE AR IR A 335 K N B BL JU4E 4.8 MPa /ity, SEBRf3 3I4E 309 K i~
(1) JI7E 6.0 MPa Bl , e & o s 73 43 A1 B il P55 A8 AR AR A 34 1, 335 K I B/ B 71 RLAIK T 6.0 MPa,
T IR R 335 K HABAILEE B IE 77 b S8 AR AT A T 77 Bl I AR bk 34

TS0 SUE R, AREMLEE B B TN DR B R 30 o A s o, TS5 AR 3R
LSRIE ST ER 5 &R G R = B kS ST NS SR VRSP S Sl S

Table 4. Simulate the size of the pipeline of Shanghai Jiao Tong University
F 4 B ERLEHEBRY

NG R1 (mm) R2 (mm) L1 (mm) L2 (mm) L3 (mm)

9.6 2.72 1.36 1.36 13.056 5.44

Table 5. Pipe boundary conditions
F:=5 BEILFFH

Sub & #7(MPa) ML (K)
A 8.52 335
H 01 300
94 .
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Figure 3. Pressure and position diagram
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KAR LA B (E S HOR R RS EESE, A SO A FKAR B A 1L S HUR A T Ik SR s)
BHATIRE, 193145 Rk 6.

% 6 BRI E RS 59I0RZEE 20% AN . &5, Bk 1. 3 %R/ /N 19.5 MPa, i
413 K I, TH5 R B e B AN S0 R i A R K AR L ARk #iZE 2. 4 3RORIE J1°8 19.3 MPa, ¥ 534
KO, 3 R A S SE I R R B K AR L AR k. [ 5 3 B IR R R A B A L R g
N BKAAEM, FRRREERERNR SREIEK, MRER%EEME /N 78 LD B/,
DL 515 30 5 i P B K AR L AR ke A 5 S B AR A — B

T T RRKAAN 48, AE K FIAFIEIE AR

7T BRI R R S R LR 25% LN . K 6 RoRTEKARLL N 48, JEF1M 10.1 MPa [
FAFTR, PR B R R AR R, 7 340 K F 400 K (UG FE VG P, J57 IR 5 PR I 5 Tk FEE 0 3

9
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Figure 4. The relationship between pressure and inlet temperature [3]
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Table 6. Mass flow density calculation results
6. REREEITHER

EnRs 1 2 3 4 5 6 7 8
KAzt 3.7 7.3 14.7 48
JE J1(MPa) 19.5 19.2 19.5 19.3 19.5 19.3 19.5 19.2
B (K) 41285 53685 41115 53445 41605 53175 41315  533.15
R R (kgls) 24.9 18.57 1.52 1.14 0.36 0.27 1.75 1.30
R0 m?) 5.07 5.07 0.317 0.317 0.079 0.079 0.385 0.385
Fluent Jii &9 % % (10* kg/s'm?) 491 3.67 4.83 3.63 4.60 3.47 456 3.42
SRI6 R I % T (10° kg/s'm?) 418 3.18 4.15 3.05 3.90 2.89
W 18% 15% 16% 19% 18% 20%
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Figure 5. The change of mass flow density with aspect ratio
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Figure 6. The change of mass flow density at different diameters
of 48 at different temperatures
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Table 7. Length to diameter ratio of 48 different temperature mass flow density results

Fz7. KERLEABIAREETREREELER

ETRS
KAz
J% 73(MPa)
I (K)

J L (Kgls)
MAR(0° m?)
Fluent Jii 597 % & (10* kg/s-m?)
S R R 2 (10 kg/s-m?)

W

343

1.00

3.85

2.60

2.10

24%

363

0.89

3.85

2.32

1.89

23%

48

10.1

378

0.84

3.85

2.20

1.75

25%

403

0.78

3.85

2.04

22%
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