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Heat transfer performance of the fin tube bundle of
LNG ambient air vaporizer
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(1. School of Municipal & Environmental Engineering, Harbin Institute of Technology, Harbin 150090, P. R. China;
2. North China Municipal Engineering Design & Research Institute Co. Ltd, Tianjin 300074, P. R. China)

Abstract; LNG ambient air vaporizer (AAV) composed of fin tube bundle is widely used in small to medium
gas stations due to its advantages in energy and economic savings. The heat transfer of the fin tube in the
bundle is affected by the adjacent fin tube, which is different with the fin tube in the large space. The heat
transfer difference of each fin tube in the bundle is generally neglected during the design process, which
results in large error. The heat transfer performance of the fin tube bundle of AAV was investigated. The
fluid solid coupled heat transfer of the fin tube bundle was numerically simulated integrally, and the
mixture model and Lee model were used to solve the vaporization process of LNG. The heat transfer
coefficients of the air side of the different fin tube in the bundle were obtained, and the formula of the heat
transfer difference among the fin tube bundle was obtained based on the numerical results. A field test of
the LNG ambient air vaporizer was carried out in a LNG gas terminal to validate the formula.

Keywords: LNG; ambient air vaporizer; heat transfer of the bundle; numerical simulation

W HE:2017-08-31
B2 18 XU C(1990-) , £, 1 Ak, 32 20 N SR BUR < P 55 BB L0 T UF 5 E-mail : g12x2(@ 163. com,,
BB GEGEES & #48, B 1420, E-mail: wljiao@163. com,
Received:2017-08-31
Author brief; Liu Shanshan (1990- ), PhD candidate, main research interests:gas transmission and distribution and energy
utilization, E-mail; gl2xz@163. com.

Jiao Wenling (corresponding author), professor, doctorial supervisor, E-mail: wljiao@163. com.



96 + REHR Y5 ;B T AE

# 40 £

WAL KRS (LNG) 78 3 XA Ak 2 LG5 A8 ) o
BT R RR WL Bz B L F b AL LNG Sk
i AR A A A DL R 25 SO IR LNG <Ak
IR E R TR TERRTING) & TN
Az OBt . 2R th 2 AR H ) LAY
R HES 2 A T R LNG 7838 F A N sl AR
T 2 W 9K 3h T W s R Bl s KR AR AR T
i W R IR R R E AP

1 T 0 25 R A AR TE S PR is 47 i K 3 i 4%
AL J5 (] e 2 TR Z0IA I, BT N B 2 R AL G2 1)
e R 22 10 5 AN F A% A% o o 78 HE AT Al L DR IE —
FEMRIE R R, S RS AR N & <
EAE GERURN G BEAE ), ST LB TR A B
AR AR 225 % HAL VR AR B FFF 98 . Bernert 45
AT T A IR AR AL AR S PR AE AT P R L )L 3
LRBATT B LA BT AR e F R [ 1) TR AR,
PRACE 2 32 i S A T TR AR R I
LNG 145 PN 0 1% 30 7 48 D7 B0AH 07806 AR B <A
3 AMGIRIX I [ B 2 RS Ak o R v A AR T4
FE W T & KL IO B . m AR A
SEU b BRI AR R A R = B XL ST
T4 BURY R AR AL PR 15 3] T S AL 3R AL R
B e & B i 0 A o Jeong 25089 gt 57 T s B A S Ak
i 1 L R R kSR Y LA S A AT T
Ak

X 4 3 AR 1B 58 B G AR R A 1 A
PR AE TS A1 23 S0 TRV 25 70 S (RO LA o
AR R Y BIF 5 i R L . 2 R Ak o
BIRIEE /N A K R R HES A7 B 3 R A L Sk R
FEAE 22 5 K28 [l v ) ARS8 1 480 1 A% AR RE O A
e R WA ARk, SRR T
i) B At A2 A% TR BRI A 2 R HL 2R G 1%
WA LR, WL, E&HE =Rk
A A A SR B RE R AT B S R A B
FE 3 BT 45 SR v O [R) A A s A A A g
E5,

1 ZERASUFZERERSN

23l A A A R B AR AL RS R
{1 B S R AN ) o 5 PR A1 O A 1) T8 7 1)
5 TR AT T A% S8R 35U AR A9 A A A O
Tl . =S R A t s T AR AR A
O\ 1) 7 A AR O (T X A SR A SRR R
BRI 25 1] v A R A A A R < S i R

b 75 A8 TR R Ry A SR XA R R I LR R A
S ERLREAE X R A5 ] i AR B A RR Oy R
LNG 7£ H48 N 19 S0 A% A X FR P A S AT
P ) A A 32 300 48 00 A 1 S o AN LA X R

LNG 75 25 i 20k i B AT 48 0 19 4% Bt 72 4
F5 8 AR 2 AL 3 3 R 48 BE T 3 B Ah s A
AR R It A% T L BE THT PACRE SR DL R A5 RR LA AR
BERHi, 2EFEU AR STRET LR
SE PR AE 3G T R R OR i 0 XE B R L
5 M SR A A R e G RO R R
Je ARG KRR s T2 5 9 n i
O3 AT BIET AN T B0 5 IXUGH X $6e A7 5 ) 5 22 g BE ]
LR IS I = S R O Nl B NS W A 3 11
LNG 52 F 1 LNG iR A 76 B 7] 58 i LNG fi
bk B2 0y B Jot o BRI AR S R A% BRG RR A HE 2S AS
B AR U R S AL A R R U LNG BN
ERY A

LNG TE8 148 N W A8 TR 22 60 0y Hs ) T 19 4
AV BE 70 BE A T 45 A IF 77 AR A0 B Nl A
T DX e 9 2 AR AR X 2 A RS LNG el
A EWNAE N AR X, A N SR X T B %
FRAy 5 ) XTSRSV R DX Y R B A AR
SOk W BNV A S TS W s AR I . BT B
Ry U1 22 A It A Y AT 3 Sy BRL R AR AR AR L OBU AL A AR
AU T A AR AY UL AR R 2 T A T Ak
A A 235 1Y) 3% S A o, UMM RE T 2 A B R AR
Py AR Z AR T R K, B 23S T IR A
T3 B 30 TR A TR X 4% 9 TR f £ HROR I B
WS VA )RR ST /A v S e S B = B TN i B e
R 3 43 L RS 5 1 o % S R 1 g A A2 30 BRI
it TS g (A B v YR B W B B A R LNG 48 I 1)
AL i L DL Lee ¥ BEAHZZ BRI A LNG 5
NG [H] ) J5 2 | B A& fi it

1B A WS 1Y 1) o <1 4E

o (puVa) = m (D

K on HIREGWER: v HIRE Y IRV 5
m RS R RE =2 ] 6 S5 o £ 38 T3

BB YA 3l i <748 7 2
Vo (V) ==V P+ e [ (Vv + ) ]+

omg +F+ < - (Eakpkvdr,kvdr.k) (2)
k=1

X o HIRB BRI BOF S IR F oA
BT 500 T b IR B v = v — v W
kAR IR L



M, EING ©R XA EF R RS 97

AT PRI RE i~ 8 5 2

Vo D i (pE, + p)) =

k=1

oo (kg T) + Sk (3
b By W5 b AHIELKS s ko TR S0 A S0HR
1 280 Se N fg ity BRI, 2 WE 5 KA A AR
T AR L Z IR BRLAL R [ R A A R PR AR R A 1Y
WRACH L . S = S, hig o hey RIS, H Lee
PR
Lee 57

. T—T,
5“1 —r- Q01 T. )

—T
T,
A r BRI 5 R A TR T ARG o R B
WA ELE Y r >+ oo B Al A AR e, 5 SRR
S ORI AR - BUAS K M 24 3 B RE i 7 R T
KB, 2R B 5 BUE 10 000,

ZA AR BT F B S SR A e E
TIER TR H AR . AEARE TOL T . B2
HVE 5 U T M A B B A A 50 A 5K 2 A
Bl R IR A — SR AR E A TR T
3 LA 3 ) I D0 ok ) U VR RE TET A0 A B SR X R Y
A o 3R TR FIZN T AR X R BE SMI B [ AR X I T
TSEIGHFIE AR Ra=10" J& " BEAMI Y [ 5K X i
V2 A A R A T R R A, & fh
A5 s A AR AN Y 23 R SR I R i I
T it A TR0 3 FH 38 FH PR B 0 I AR U ke BBETY

it Zh i & 5 e

o ok = ] (2 ) 50 T

G +G, —pe — Yu + Si (6
FEHUR ¢ Tk
ai (peu;) = %[y+%}+

J

T>=T, 4

T

s

S, = rap. . T<T. &

~

~

Cio 7 Gt GG = Cup+5. (T

K G MGy 2350 D V2 0 BE A Al A A 7
AT SR Y. N YT RUS A BB S M S
I 5000 M oo D9 W D7 F B4 i 0T B R B C O

LNG 778l 20 AL 27 A A9 Al £% #7298 &
I AL [ R 5 A B ) 23 )R A PN IR S P BE Y
WA AR TSR SN B R & . Gl R
(ER A rb 22 50 5 O R A A T R 3Gl 5 AR 1R Y

it JBE 5 RO B 0 A L O R . AR AE AR
S B L R s i A A Y RE T R AR
I AREE AL B 5G40 E 2 A 10 S A At JRE A
UL JRE A 28 T R T[] A S R A o O A% AR
AOAR L 20 56 & o SEPn b 3 RS 5 i 5 b Al
AR 5 B TH A SR — F 0 o B A 1R A R
S E Y o K s I S AR Y AR A 3
A TG DX — 0 53 SR 55 W 45 D 3 o 91 X i
AR DX 3 (86 % DX 3R 50 ) SRR 45+ 23 DXOR i
FA .

Zi ERrig, LNG fE= R A WA <A b A
SRR T TR A 1 5 AR AR 1 S 2 AL B e
BOA R & 2 A 2% W 00 75 78 AN 5y 3R A Ak
Brfife » R FTRBUE AL Fluent SR

2 BEREHRBERD

2.1 HERUEESKE

23 Rl R L RO R HE S 4 A T
I R AR R R A HES A B AT AR 22 B AN R
19 25 SO A% EA Nk RE 29 77 7 22 5 A R P o R A R A
S0 A O R A AR A 13 B DX OB AT 2 4
P s a1l 3 RS T 717 Ofe X B2 L 32 M A R A
TP AR S ) R R e A AR T T
(ELASE AL 90 1 B AR S SIOHE B2 PRI 32 {3 K i
AT EALAR BERE A7 B BRI K S R A B SR A L
BN 3 M1 S O RN TR 2 5 O R
4 2K ,3 OB R A AT WA 1R,

KK KK
kKK
kK
Kk kK

Bl ZEXS[SAEBZBAREHICESE
Fig.1 Classification of the positions of the AAV fin tube

ROy BT 3 AL E B SR Y 1 B e RE
ZE 5T WEAE 35X 3 HEF A3 R A8 ARATE S JC(EL A ) X
G MR U 2 80 e 8] BE 2 BT 3 0 )T Iz 1 S



98 P REFHRE R LA

# 40 £

i AR S KQB2000, 28 L IX 0 R 9 33
R 5 A% R W ARSI K A ) XA R AL A
HORTCREM o 3 8 4 AL AR L 25 LAy S 4y B
AT FR A o PRI 328 BBOKT PR 0 SR LA A R DL I 2, 3
FAMRAZS RO 1. 2P i B Oy br 000 B R
] o Hy 3 R A A AR L AR 4 A 5 O TR R
FHES A A 75 T A 19 A9 08 T 58 X Jel i 47 8 1 0 4
PN 3 52 AT R R
K1 BREGWASH
Table 1 The input parameters of the boundary

B R R/ TAEH T/ HE R LNG A H
(m® +h™ D) MPa E/C i/ C
53 1 25 —125
22
Y/

va
WA

VARY

2 ZRA[UFZBARERILMAMEE
Fig. 2 The geometry model of the AAV fin tube bundle

R 4385 3SR A o0 23 il =0 Ab 28 3 R B R
BE ALY AT 5K L e ) B R 775 SIMPLE,
JE S B % ] PRESTO! #2580 05 B, 85 ik X —
7200 RS X A 2 0 R T AL o8 P A o R 1T R BT
BETR 1 A TC RS . R A TR 1 B AU
RS N LNG i (43580 S 8 Ah 28 S0 Al it 14 1 4
Yt S50 5 3 4 A A6 TS XS N A7 R R L
U FE AT f it B P SR RN £ 3 2 80 A
Ve A S R A it R R R R PR B i 8
B Mt B R ke R e kAR
F2ZEART 0.001, fig it R FR 20T 1 X 10 B, H
A T AR AR TR B AS BT B R B R AR AR R
TR BB
2.2 BRESBSH

XF 32X 3 HEF (3 A R HEAT B A B AE 4y
Br s T A 2 3 R 45 00 A% PPk R SO [ B A
B ZER. B3 R edn

A AT A 3R 52 3 o0 A P T R R R A R
KRB B R R m 7 X 2B LNG
IR A S e i s THR L R, TR
B A P L AR B DR R AR 52 4 AL R T
[ S N2 R i RS D A G S DA = e AT
B 3 Py = Al BE R L R T AR T R R A 2R X
MR T LNG A F AR, I A SO BT B R
iR

Detail 5

Detail 4

Detail 5

Temperature/K

] B

280
270
260
250
240
230
220
210
200
190
180
170
160
150
140
130
120

Detail 2

Detail 2

g
E
|_IEEEENNNEEEES

Detail 1 Detail 1

The inlet of LNG
3 RS UBEHEENEENEEZSH
Fig. 3 The local distribution of the temperature

field in the longitudinal section

B4 SHOLE 5y 1,23 BB AR (4 5 LI
LV 2 poy e T i B 7 A AT 3R CBRRE A Y L
Gy e AE 255 . 1S AL T 32X 3 A ARG L L
B S o A 5 B Bl o AR R HL IR O 2
2 ST 3 X3 AR M b Z2 00 ik A
B A D s s U BE A S B B Y X R
P38 ST 33 AR A T L L 5 R A
AR AR A R R R B A Rl BE AR T A
3/4 W3 BB B A R i . fR e T L
SRR AN T 7 A B A S N Y AR BT RE A A

W25 .

154

25% 35E
B4 FRECEEHEENESEEEEZSHE
Fig. 4 The temperature distribution of the fin tube

for the 3 different locations



% 24

X)L E L ING iR XA BT R R AF R 99

2.3 BHERRERRY

25 il A A A SR PP AN [R) o7 PR A A 4% B
REAT 5 22 57 » X M 22 S b A7 A 70 - A RE RS D st
AR AEE IR S . & 1.2.3 SR = M
-2 SRR AL R IIP INRIR O Ry B B g s B
E T8 AT R L B 1) 3 5 BRI e AR HIOH i o
{H. € XZEFRBMC MC, 730 ERR 1 SN2 54
f s AL TR R B X 3 545 1 T B R B T R
NA

_ ha

C, o (8)
. haZ

C = I (9

HR R RE 22 R R R R AL R
IREE S QX TE 2O ONS R MR NS .V - IRCE
S TR S bR o B Ry )iz i 28 i A A A 2
S Rt B 2 LA S5 S e AL BT s 1T S 8
MKW E R, BEK R LNG A H B G817
JE A B SR E . LNG RILIE G % 2
AR AT A HR B 8238 FHa 47 % 1 T my AR A
LI BITIE S LNG A R B 17 78 % I 56
R ZE BT, RS R PR BE 25 S i e B R ]
faift Ry LNG A FOR B B i A s SR . /T
FRHA

C= f(T,.T..Q.) (10)

R FZE C I WA, LB A 2
SPIE LS A AR RS T R RN A . LNG A LR
R 2 A ek B ) R T I 25 R W AR IR B
BRI SO — A o AR s A AR
fL i 53 Nm® /h B A, & XX Q.

C = f(T“;aTi",gz:) = A(T.Q» (D

B8 PRIE AT B A AN U s SR B
LB AT 7, v] 45 31 A0 X R 22 5 09 38 B4 0. 33 ~
0. 455 HUR, B8 R A5 1 Ak 5 43 A X 25 A
FEMAFR R . XF 22 41 00 4 B 047 B A 4
A4S B [F) o7 B AR A 1 23 S B AR R U AR TR K
B A R E S RECC, 1 C, MR Z4H T
EE BN EE AL, v] 15 2 K [ A X I 22 A1 ] T RF
XTI Co A1 Co WIEL Bl 5 A A ] B RH X il 25 7T B A
B A M AL L TR, BB A R
LNG A F1 iR AH G 25 i 38 K, 2 R A 28 FkE
B B ) 23 G A S R BB R E SR T
Xk 255 ) 38 A A5 25 S AR T I AR 48 5 L AT
A R) ) 1 A i 22 S5 DU B &

FEFHAE A B A 455 . H Matlab x§20(11)
RS AH C G, IS &5
C, = 2.722T +0.043Q,— 0.321 4 (12)
C, = 2.494T +0.055Q,— 0.196 9 (13)
K A2) Wi E RN 0. 983, B r iR 2= 8
0.024 1; 30 (13) By HfE RECH 0. 984 6, ¥ Jr il i 22
J90.021 3, [ 6 Nt E R RECC LG Z
RE,

A
095 - AAA

09 3 "”

(=]
b
* o>

o
o €
a

AL RERREC
>
>

I 1 1 )
0.3 0.35 0.4 0.45 0.5

AR 2E(T,-T)IT,
H: e ClAC2
ES5 EHESMNERAERRYMBHEMNEENTL

Fig. 5 The heat transfer coefficient of the air side of

single fin tube with different relative temperature difference

508!

1 ho5 - 7] 0.410.420'430‘4‘?
0.9 oo 37038039
0. 085 00350360370 " gy,
6 BEEZSMEARAZRREHC
HEHHEERE
Fig. 6 The map result of the heat transfer

coefficient of variationC; of single fin tube

3 Sk 51

B A A M AR 22 S R B AU o SURTE KL
(B A BE Aty b A5 30 Y BB 25 L A A S D B dE
BuiE o 2 A A B A A U A A A T AR T
H1 22 AR K AT 03 L B 8 A ] 8 e )2 Y R R G
/INT I )2 R B R AR SR T A AR X I A AR T
P il BE 0 52 0 a8 3 SRR A ORI e S ) o A
2 S R R T A PR =S A R . i i i =
it XA i B AR A8 4 B TR I R B 5 45
B ARAA RS 8] B R AL RO TR A0 |



100 + REHR Y5 ;B T AE

F 40 £

A5 H 6 R E AT DL RN B ST 1 AR A AL I
SRBGATHATRIEEIE AR A2 A3,
A B A ) 23 S A SR AL IR B0 R

A (0N
mmefmwwqu) (14)

X Gry HPARJZ R EE 6 R AR ROST B K8 L I
Bt

y, 3
Gr, — S0 A0 (15)

2
v

K ADH n WHEAEKIE Gr,Pr 78 H . 2015,
A MRS ELE 1.5 X 107 ~ 2 X 10°
ZI B 1/48 i R x4 ok [l — 2 i K
AR AN [FAL B R LR S BRI L TR )
SEZROPTINAR A L Rt 48 AR b O [ 6 8 ) A
BIR 2 ) 5 9K 06 A% B 2R B0 EU (e

Nu,, _ (Gral )“I _ (Afl )1/1
Nu Gry Aty

H I 5k ) — 23 TR AR 28 1 AS [ r
B R RS RO &R S BTN
FATR] S B0 A ) 7 3 1 ) 1) A R 25 1) 8% 3 1%
IRB A Ry A3 g R s TR A Ak 2R R —
o A () o7 5 3 B TR A 3 R DA B B R
BT S8 WAL S 8 E AT B6IE

25 A A 0 5 b 3t 7E AP E AR b b X
LNG Ak kA7, B 7 2 LNG A6 35 003t i 7=
B, LNG fi LNG %6 5w i, 22 i X<tk
AL THER S P A R TR R R,
BE s B A M. R AN BE T R R A
JK808 T4 2 s i B I ik A a2k 47 M3k » phy F 4 1 =X
AR A ) BE T o /N 4 A AR N R 3
G [ P L R L, 7E TR R T R A
FEL A A T doe SO0 A S TR A7 R AR R
[E1] o DAAS RS 2 014 320 18] A B 25 [ 4R %o 3 1% #4 &R
A A RFR 1.2.3 548 M2 ML R R
IR A T /N AN ()33 18] 8 9 5 43 A A X i e
e 2z T A s 8 78 25 R XA R 1
PR S0 AT 0 8 AR R ) [ E A [ B Y A 4B
8 R PR R, B o 4 41,2 il
IR T8 A0 b R AR R 22, 3.4 A f
327 45 AR PN 3 1 FE 48 38 7 3 25, 5.6 A R U
TR T SR TO A5 A A AR R TR 22, 7.8 B
0387 465 SR T 7 5 PN 1 A 484 3L 2%

g 4 #8732 AT 4 Ok R 1 — B[R] Y
11 BRBE 25 SR RS Ak A A I3 1) B 24 158 R 30 s

(16)

B 7 LNGSRU#HZENLTEE
Fig. 7 Diagram of the test in the LNG gas station

Nz Ne

B8 ZEAXAS|AFNLPNAERELH
Fig. 8 Thermocouple distribution in the AAV test
HT T3 A R T 3 B A 2 B A A B 5
F18y e 22 T ok 1) A2 Al o DR O B T i 4 52 I [ ol
30 s PO IR () Y B I B0 0l 9 LNG /9 A
J 73 Rt B AE AN 32 25 i XA 4% 42 A7 T2 00 B9 52 1
oIS €, G, I8 3 iR BE AN KL 45 B 5 min
O — W MR BGER AT E S EOLE 2.
F2 MWEAMRTHEMESH

Table 2 The uncertainty of the testing instruments

B % 44 TR Mk =% Ao 2 T

JK808 T 2 il M sl WA M BE TR + 0.2+ D) K

RRCNITA Ty AE R +0.8%
JE Sy A8 3% 2 LNG 17 1 0.2%
1A s LNG A i 0.2%
T ERIR B IR +0.1K

g X LNG sl W2 bras AT P g 2 |l
P i 2N 3, 15 2 2 A 00 T A9 e A BE TR
JE TR AT A R A B R A R AR AR S R R
Cy F1Cy v 33 Dy 52 i I 1 0 PRI 11 53 45 5 1 X LE
MF 3 AT F . C AR IR ZEAE 2. 200 ~6. 0402



% 24

M, EING ©R XA EF R RS 101

], C, MAIXTRZELE 2. 100 ~5. 700 Z [A), Ul B L
T ) A B2 S RO L5 4 50 SR B —

&, & I FJE I 7E 0. 5~ 3. 6 MPa il #3728 X
b 3 R {12 RO

RI BHEERERAHTEMERITELERNIL

Table 3 Comparison between the test data and the theoreticle results of the variation coefficient

oy C G,
5 SRR/ C ,
(m? « h™1) ik i MR 2/ % ik i X 22/ %

1 —4.,18 9.5 0. 85 0. 88 3.5 0. 87 0.91 4.6

2 —4.08 11.1 0. 84 0. 89 6.0 0.87 0.92 5.7

3 —7.38 12.3 0.89 0.87 2.2 0.93 0. 90 3.2

4 —5.86 21.6 0. 85 0. 89 4.7 0.94 0.92 2.1

5 —6.56 30.9 0. 86 .90 4.1 0.89 0.93 4.5
4 _Q_:Ei/l,: CHEN S P, CHANG K, LIU Z Q, et al. An

DLNG 73 i 203k # 8 o  AS [] o7 8 5 A
) 25 AL S BB AR AE 25 5 0 T35 SR TSN 5 1Y
AN AR AOR B g PR AL T R b A
BN T R PN ) A A S A I R e 22

2) B A5 A5 A AR A M AR 22 S R A R E
LNG A i EE F1 A A 2 18 AS 7] 1 2% Ak DL 3R T
f 8 A Y 2 S R BON B e 15 8] 1 AT
EARNTR S b A L I 2E R R A LG L
%S T R JITE 0. 5~3. 6 MPa [i] (19 25 i 20
fLA8 4 R G 22 it A

3) 73 i Ak 2 AT A s SR 40 3 T A
T IR BR 23 6] B SR X it A% #4 s A [6] 47 8 33 1)
1 A SRR AL IR B 2E T 4 AT

SE WK

[1]JLI L, JJIAO W L, WANG H C. Mechanism and
calculation of heat transfer of LNG-AAV under frosting
condition [ J]. Natural Gas Industry, 2015, 35 (10):
117-124.

[2]LIUSS, JTIAO W L, WANG H C. Three-dimensional
numerical analysis of the coupled heat transfer performance
of LNG ambient air vaporizer [ J]. Renewable Energy,
2016, 87: 1105-1112.

[ 3] BERNERT R E, EVERETT W, BERNERT R E.
Cryogenic ambient air vaporizers: frost growth, wind and
seismic design for safety [J]. Cryogenics, 1993, 33(8):
789-793.

L4 ] BRRCE. B, XIR4, 2. R R & e A 0% 1014 £
WA FELT]. ARIEHAR . 2006, 34(2) . 91-93.

experimental study of heat transfer characteristics of a
cryogenic finned-tube heat exchanger [ J]. Cryogenics,
2006, 34(2):91-93. (in Chinese)

FRABCT . Sk, BG4, S R 00T 8 1 48 e #
wr BT GRS #5, 2008, 36(4): 12-22.
CHEN S P, LAI J L, CHEN G Q, et al. Design

[5

L1

calculation of finned-tube heat exchanger under low
temperature L1
Superconductivity, 2008, 36(4): 12-22. (in Chinese)

[ 6] midefh, Bowboe, Ak, %, LNG =R HS 1k
AR BE AT ST, 2008, 28(2) . 19-22.
GAO H W, DUAN C G, XIE D L, et al. Numerical

conditions Cryogenics &.

analysis of vaporization process in LNG air-heated vaporizer
[J]. Gas & Heat, 2008, 28(2): 19-22. (in Chinese)

[ 7] B, X8, B, % LNG s R0k
RO BRS5HRT, 2012, 32(7): 1217,

YANG C C, JIAO W L, YANG G, et al. Calculation of
heat transfer in LNG ambient air vaporizer [J]. Gas &
Heat, 2012, 32(7). 12-17. (in Chinese)

[ 8 JJEONG H M, CHUNG H S, LEE S C, et al. Optimum
design of vaporizer fin with liquefied natural gas by
numerical analysis [ J]. Journal of Mechanical Science and
Technology , 2006, 20(4) . 545-553.

[9]JEONG H M, HAN S C, DJAJADIWINATA E.
Experimental study on the characteristics of longitudinal fin
air-heating vaporizers in different seasons [J]. Journal of
Mechanical Science and Technology., 2008, 22 (5);
981-990.

(107 ERa. "% E YA 1) 4 )y 45 B AR 0 T 4 JA RS PE T 2 B 25 4 1
LD ¥R AR KR, 2007
QIU Y.

Investigation on the natural convection heat



102 N = )

LR A

# 40 £

transfer performance of the vertical finned-tube and the
structure optimization [ D]. Jinan: Shandong University,
2007. (in Chinese)

[11]J LI X, WANG R, HUANG R, et al. Numerical

investigation of boiling flow of nitrogen in a vertical tube

using the two-fluid model [ J]. Applied Thermal
Engineering, 2006, 26(17). 2425-2432.

[12] SCHEPPER S C K D, HEYNDERICKX G J, MARIN G
B. Modeling the evaporation of a hydrocarbon feedstock in
the convection section of a steam cracker [ J]. Computers
and Chemical Engineering, 2009, 33(1). 122-132.

[13] QIU G D, CAI W H. Analysis on the value of coefficient

of mass transfer with phase change in Lee’s equation [ J].

Journal of Harbin Institute of Technology , 2014, 46(12)
15-19.

[14] Z2%64e, ZRHEAR. = 200 a8 JE Al % #1080 M 0 5% 91
RIFARD]. RIE 585, 2011, 39(2): 59-63.
WU X H, LI X D. A review on heat transfer in ambient
air vaporizers [ J]. Cryogenics & Superconductivity, 2011,
39(2): 59-63. (in Chinese)

C15] 8 A=, A IMD dbat. & S 80F d AL, 2005:
158-160.
DAI G S. Heat Transfer [ M]. Beijing: Higher Education
Press, 2005: 158-160. (in Chinese)

(i HED)



