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Numerical Simulation Research of Flow and Heat Transfer with
Swirling Flow in Vertical Annular Tubes
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Abstract; Based on the disturbance mechanism of swirling flow on boundary flow region in vertical annu-
lar tubes, the effects of different vane angles, Reynolds numbers and inlet water temperature on heat
transfer and flow characteristics in tubes were studied by numerical simulation method. The internal influ-
ence mechanism of gravity on swirling flow in annular tube was revealed. The results show that the com-
prehensive heat transfer performance of vertical annular tube changes gently compared with horizontal an-
nular tube, mainly affected by the influence of gravity on pressure drop;the vane angles have the most
significant effects on flow and temperature fields compared with the Reynolds numbers; when the Reyn-
olds number is less than 15 000 and the vane angle is 30°, the heat transfer performance in tubes is the
best.
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Fig.2 Schematic diagram of mesh division

1.3 ZHigE

iz ] Fluent #AF X EE A A7 R M 3153, R
F SIMPLE 55032 647 15 ) 5 3 B2 A G SR e s R —
B3 JRU AR 2K g % 3 30T 5 6 4% Green-gauss Node-
based #% X SR fifg 156 B 10T 5 R 7 300 0% oK i 6 4% — B i
2 RS ARHE R N 1 x 10 7% TR K

VR IE R e, P AR A T R A SR A . R
WREMITCIZ %, N . FiRE B E o 5 000,
10 000,15 000 F1 20 000, % B A BE [fi Ay 16 BE I
80 °C, HAREET ) M4 #h
1.4 BHITE

X TR BT D AR s, W
SR PR IR S 2 U

I =0.16 Re™"® (1)
FUH i R s Re— R 5
n = (Nu/Nuy)/ (f/fe)* (2)

P —25 5 e L RE DX B Nu—3R 48 55 2 I8
Nuy— S5 28R B IR R R G f,— LA e



5 4 1] (TR, 45 - 3 PR PN AL A 55 U sl ) BB UL 5 97 -
Nu = hd/\ (3) YR ELAE 1 ~ 10 YW B PGy, B 1 My

A A PRI ER R, W/ (m’ - K) 5 d—451E B 42,
m; A—Ii AR F AL, W/ (m-K)
h = Q/(AAT,) (4)
o A B, m? 5 Q— et 1 AT, —XHECT
Q = ¢,mAT (5)
Ao, —WAR O E R, KI/ (kg K) sm—JTi i I
i, K AT—#E Y R 22 K
T -T
AT, = AT/ln(TW T) (6)

w out

A T, —BEmNR B, K T, —#F MR K T, —
FREE K

m = uSp (7)
A s w0 A A T 2 B, m/s 5 S— T T AR
m’ ;p— IR kg/m’

f=2Ap - d/Ipu’ (8)
Kb Ap—ik AR 2 Pa; L—3E B K m,

TS FEIRBCR A Gnielinski 22564205

(f,/8) (Re — 1 000) Pr

T 127 (£,/8) A (PR S 1) ®)
A Re—EHUEL Pr— IR EL
A EE i ZHBOR FH Petukhov 22060 /N R
fo = (0.790LnRe — 1.64) (10)
Ap = Ap; + Ap, + Ap, + Ap. (11)

A Ap—PE $8 5 [, pa; Ap,—H J1 JE F¥, Pa;
Ap,— N JEFE , pa; Ap, — R AR FLE R, Pa.
1.5 F=EEIIGIE
1.5.1 A& BT RE g Uk

A 3t P Ay S AR AR L T R Sk A DT A o
i, FRITTEAE O ~ 1 N R, HBRER 1 #ar,
HH I 3 AT, AR i FEEAE 0 ~ 1 4,

175

2 150 - S5 444 0 I T
= 125 - m e bk
£ 100
e 75
a 50

25 N

O - LRI 1

0.13 0.26 0.39 0.52 0.65 0.78 0.91
B R

B3 FEHREFHE
Fig. 3 Mean quality judgment

Hi [ 4 L, AR R L 200 1 ~ 10, 7E Al $E32 /Y
N

HLHHEAE 0 ~ 1 Ju [l Ay, Hd%ar 0 Bihy
HIPE S Ao, AR AT G B 22048 0 ~ 1 JEIRIA

400 A
S 3000 (N7 4445 1 DU T s P2
o) A6 B
?%é 200 H
N 100 H
0 — -0 0 & m m __ ]
25 50 7.5 10.0 12,5 15.0 17.5 20.0
YL
B4 HAELEFIHT
Fig.4 Aspect ratio judgment
:"c‘:_ 100 R A 44 £ 1 1 T A B0
= 75 I 61 A A
&8
12 50
& 25 N
0 N, -
0.13 0.26 0.39 0.52 0.65 0.78

5

B 5 e
Fig. 5 Skewness judgment

HY LA b 4307 AT R0, SR ASE TR g T 6 It 7 ] 422
Z T I A5 A 0 OB 7R
1.5.2 (4% 07 P36 IE
F 1 NARTE POAE EC T R st . A
FE AT AL, 2 AR KRy 471 088 B, 11845 5 1y 4
XFIRZEITE 2% LA . BRI, BE 4% A% 5k 471 088
(1B (ELAS Y B Jin v
F 1 TEFSH TR UR 34 3 b
Tab. 1 Comparision of heat transfer and flow

characteristics in different mesh numbers

VR e n 8(n)/% Nu S(Nu)/% [  8(f)/%

366 951 1.285 0.465 173.381 0.246 4.315 0.046

471 088 1.291 0 172.955 0 4.317 0

542304 1.305 1.084 173.600 0.373 4.319 0.046

Hor
8( _ l n_(n)ﬁ:tzl
m) = P x100% (12)
| Nu = (Nu) oy, |
s(Nu) = N Nl a0 (13)

Nu




~ 98- W 3

A 2023 4F

I

1.5.3 EBEEIGIE

x 100% (14)

P 6 SRR R (PR REBIE o d o X HEOE A 1Y

BB 5 S U B R, W AR R 25 TE 10%
DI TR, B EAR R A B A nT 2 VB R =2 N

46 [
44|
4t
40 |
38 |
36 |
34t
32|
30 |
28 | | |

1107

1

Il 1
40 60 80 100 120 140

Re/10°

El6 MHEWRE
Fig. 6 Accuracy test

2 BRUMERESH

2.1 EhEREDHT

eI A By 60° kLK D 30 °C A
K 5 000 B4 B EASE AU 41 D8 23 A 0 52, 048 N T
(1 73 A HEA TR W

7 FlEl 8 235 4 S Y e ) = PR
TR o BEFREE s T3 oK, WK BT 1) s g AN
Pl D Y TRRFIE R T dRe /e T 100 A X TR) I B A B
IR ELY 5 04 1 g i FEE A, B T S B DX ) 36 ik
I A ARG, UG e U A5 B 1R I AR R e
ATl AL B — B3 SR e v, 1 B e i
— HY4ERE M FERRSIE

B7 Ehz=E

Fig. 7 Perssure nephogram

B8 EhHmkE

Fig. 8 Pressure streamline chart

2.2 EAMEENREHRAEENZN

BEH R ff B A 60° E /K IR A 30 °C Y EUE
BERY A 3 T 0T 52, W55 51 ) B AE A6 X8 IR T 3 1Y 5%
M R

K9 Dy I RE NP RE R R AR . UK
FIERN G EERE T n RTEREHREN, 5K
SEIEAALL , T A R ER S R R 22 H
EAS S ipapapa il Al

45t
%\ —8—HEH
\ —A— k&S

3.6 ‘\

IS
2.7 -

L&>.EH““G—__q*__,_.

Re/10°

B9 EAXMRERNRAMEENIT
Fig. 9 Influence of gravity on heat transfer

performance of annular tube
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Fig. 10 Influence of Reynolds number on convective

heat transfer in vertical annular tube
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Fig. 11 Heat transfer characteristics with different

Reynolds numbers in vertical annular pipe
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Fig. 12 Flow characteristics with different Reynolds

numbers in vertical annular pipe
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Fig. 13 Comprehensive heat transfer performance with

different Reynolds numbers in vertical annular pipe
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Fig. 14 Heat transfer characteristics in vertical annular

pipe with different vane angles
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Fig. 15 Pressure drop in vertical annular pipe

with different vane angles
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Fig. 16 Flow characterstics in vertical annular pipe

with different vane angles
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Fig. 17 Comprehensive heat transfer perfomance in

vertical annular pipes with different vane angles
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Tab. 2 Comprehensive heat transfer factors

with Reynolds number of 5 000

MR ME/ () i H iR/ C GE AN T
30 30 1.755369 5
30 45 1.755 368 3
30 60 1.755 369 4
45 30 1.089 323 7
45 45 1.089 340 4
45 60 1.089 350 1
60 30 1.754701 6
60 45 1.754 700 8
60 60 1.754 701 6
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Tab. 3 Comprehensive heat transfer factors

with Reynolds number of 10 000

MR/ (%) HEIHRE/C LR eI T
30 30 1.294 612 1
30 45 1.283 687 1
30 60 1.256 883 1
45 30 1.102 040 9
45 45 1.102 035 5
45 60 1.102 036 2
60 30 1.518 851 4
60 45 1.518 862 7
60 60 1.518 862 2
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Tab. 4 Comprehensive heat transfer factors with

Reynolds number of 15 000

MR/ (°) PR/ C LA IE IR T
30 30 1.313 507 1
30 45 1.300 797 1
30 60 1.268 972 9
45 30 1.211 349 2
45 45 1.211 349 8
45 60 1.211 349 3
60 30 1.427 129 8
60 45 1.427 130 1
60 60 1.427 116 7
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Tab.5 Comprehensive heat transfer factors with

Reynolds number of 20 000

MR/ (°) HEFREE/C iR e AR T
30 30 1.327 1159
30 45 1.313 149 5
30 60 1.278 476 0
45 30 1.339 737 2
45 45 1.339 734 7
45 60 1.339 734 7
60 30 1.449 937 0
60 45 1.449 935 3
60 60 1.449 933 3
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