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Heat Transfer Characteristics of Open Two-phase Thermosyphon

SU Jun-lin', LU Jun®, WANG Zhen-kun'
(1. College of Automotive Engineering, Jilin University, Changchun 130022, China; 2. Dalian Ice Mountain Air Conditioning
Equipment Co. Lid. , Dalian 116033, China)

Abstract ; In order to study the heat transfer characteristics of the two-phase thermosyphon , its internal flow was
analysed theoretically, a criterion affecting its working limit was deduced. By studying the heat transfer
characteristics through experiments, an experiential formula of the equivalent heat transfer coefficient was
established including the influences of the inclination, the hole number, the hole diameter and the heat flux
density. Contrast experiments showed that the equivalent heat transfer coefficient of the open thermosyphon is
above 85% of that of the closed one, and its total heat transfer quantity is above 90% of that of the closed one
under the same working condition, but its cost is only about 50% of that of the closed thermosyphon.
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Fig.1 Test bench sketch of open two-phase

thermosyphon

SEISTE N @25 mm x 2 x 1500 mm 954N
HET, BT W—unbiH, 55— nl jE LA AR
)1 LA B SR, AR i e FH AR It 1Ak i
TR SALIE T IR, AR S A 4 e P AR
VRSN, MR 220 V, 580, R
AISJE TGL/0 ~250,5 kW, HLJE Al G 0 ~ 250
V., FHIEh D26 — W R L TR FM IR TR |
MFIE R0 ~2500 W KSR 0.5, HALS
g LZJ - 10 (77 F I B8 HK i, R
60 L/h fHEEY N 2.5, K 10 X NiCr — NiSi #4
H S B RE [ HIA)EE A 150 mm, AUd/h#4
HEPE 22 AR 0.2 mm, PR R
0.5 mm APEZEEHHN, KEPRMLZERR 0.
2 mm, AR A2 R AATIRTHIE CH
R ImaA, sy 43 a3 BE, A BEK 400 mm, SME
160 mm, BB AR TIR N 4 kW, 3l Sk
PR AT AT RE BRI 3 [, AR SE Rk
PIBCHLAP AP 2 O S 00 5 S48 b SR mT LU
30 ~90° , LU A A H

3 AR RESE R AT R K S e S

TP TARBUT A 2 T oL IR M 2 DL 2 ~
10, P AP AL DR P T LB n
LA & Jefifiy 0 Xof TR 70 A R S0 o A 4 T
O P D A 384, JHCBE Tt 88 1 Tt
IR RS 34, QTEPVE DA/ M IR B A
SIMERT R, TF RS L P P B IR AN 1 2
PN, (DTEZE K BORVE BEBL I, BEIR X TR
JE R S PELS BB/

T2 P RIBHIRAY V5 2 52 0 R o 308 380 1 3
WREHE L, FILRIsts v 5 P(P=2)
AEE (=12, ,p) IO HEOCR M, RO
LRI, XTI Y 5 g, WAL i
SR I, B & T R

I 2 3 4 5 6 7 8§ 9 10
W A N )
B2 n=3,p=1.0 mm,0=90°F;2 B 57 # £
Fig.2 Temperature curve when n =3,
¢ =1.0 mm, 6=90°

140

B3 n=1,46=1.0 mm, 0=90°FEES %%
Fig.3 Temperature curve when n =1,
¢=1.0 mm, 0=90°

160
140 F
120
100 -
o
< s0F
=~
L k 2400W
60 L 2000W
K 1600W
40 K 1200W
K 800W
20} k 400W
% 2 4 6 10

B4 n=1,p=1.5 mm,0=90°FFEE %2k
Fig.4 Temperature curve when n =1,
¢ =1.5 mm,H=90°



% 4 # AR F I R AR R 4 A - 371 -

TR REE S m, AL LA
a, =f(q,,$,n,0) (13)
JEPAE AR Y A R R B 2 50 8 U5
LU=

120

100

80

B5 n=1,¢p=2.0 mm,0=90°F5E5 % L
Fig.5 Temperature curve when n =1,
¢ =2.0 mm,H =90° 0 . L y L

El8 n=1,0=2.0 mm,0=75F1REDFEL
Fig.8 Temperature curve when n =1,
¢=2.0 mm,H=75°

Bl 6 n=1,p=3.0 mm,0=90°05%E %% H
Fig.6 Temperature curve when n =1,
¢ =3.0 mm, 0 =90°

120

B9 n=1,0=2.0 mm,0=60°0 5ED% %
Fig.9 Temperature curve when n =1,
¢ =2.0 mm,H=60°

100 -

80

B7 n=1,p=4.0 mm,0=90°F5E5 %t
Fig.7 Temperature curve when n =1,
¢ =4.0 mm,0 =90°

P AT TET A9 A P 2, O e R A R A ) Y
AR o, FIMMEW AR E g, G T
ﬂ:ﬂ‘ﬁﬁéjﬁd\ d) ‘Iﬁﬁﬂmﬁ%ﬂ‘/l\ﬁ n ‘ﬁl"%ﬂﬁﬁ 0. Fig.10 Temperature curve when n =1,
BB J AR H K m, PR $=2.0 mm,0 =45°

a, = fq,,¢,n,0,J m,) (12)

El10 n=1,p=2.0 mm,0=45°FBESHiiLk

¥



$372 - kK % %

R FR)

%35 %

a, = Cqid"n"0" (14)
{H:A4 B .C.D E ¥ RTFERE
S W QU EZE A Tw 1= BE2 27531l O
Ol,., — O 0369(]?] 8703¢0A 0164n—0A 01840—02135 (15>
ERBIETEE N 2. 4 kW/m® <g¢, <20 kW/m’;
1.Omm=¢<4.0 mm; | s<n<4d; w/I2<O0<7/2,
WIS F oA R AT B2 PRI, T AL
S AR ZRNEECRERRE,
T5 2o BT 45 AR B AR Q =
7.559 WA )5 F U =68. 117, B RFrUEX S =
0.036 , FHE 2B R =0.949 K86 {H F =150.939,
A F AR5, F,,, (7.42) =3.80, F >
Fo o (4.72) , NI AT HIZRAME OC 2 2 W51
IR TR AL, Y A R E AR i 2=
K743 W/m? - C MXRZENS5.2%

4 JF5 MR RVE T RE HL L

PAETER IO I BOR R —E ER,
B2 2R 2 i 2, 3B 29 R 22 02 2 9% 5 B I
B, R R I ) M (A PR, e i RS R R
MARZ | T LI 2 B [m] 5 FH AV ) SR AR R Ry 45
GANAIL R ST Q8 G = = 518 N

YT BiRE g B R X A R
WA TR B AT
4.1 XTI ERIERE

TR, S g FH P SR I 28 AR T
WA A RE—F, AR ER S @25 mm x 2 x 1500
mm, FCRCR K BT 25% , A1 AT %
B SE A S P R 5 X AR AT
WA AR
4.2 FRXEAX ZHERITRER L

ZBCE T A A 3 P X R R R A 1 Y
RFRBAAIT

Ol... — O 158(](}3.75150—0.0992 (16)
R F 2.4 kW/m® < ¢, <20 kW/m’;
m/12<6<m/2,

HESMERINMT . Q =1.256, U=12.827,
$=0.0196,R =0.954 ,F =168. 566,

MARIS 25 553 B, T 3K R A I A8 A% T4
FHH VN 15% 2247

P S IR AT 0, AEAR R A T80T, X A
FROT 8 TE B T AR ) St i 2 P A A 1Y

90% , T e e F B AP Rtk S5 P X — 3, B
TP A28 B — e R T Re A 20, TR
FERER, DRI X T B8 AR 1) 4 AR BB Ik 3] v s A%
G H Y, 330 R 28 AR I WA A 2 B

TP X AR BRI WA A 0 T T 2 A R
(B2 RS R IR T ) R R A 8w
T FF X AP A i T T 25 o, AR BRI T
50% FiAi o

5 %% i

(1) XA N sh it A T B e 5 2y
BT, A5 2] 52 i T A A S L V8 390 5 40 A0 1 3
BCEARRR

(2) 38 A ) S BRI T T X AR P
IR AL RS g G eI i A GO /N W R
TREEIE

(3) ddat 5 P 2 AR IR AL PR BE LR
AL, I R ) 20 A AR B P U T
85% VI, A% #h i S A (W] 00 T P =8 AR $AT
WA 1) 90% VL T A HAT H 50% , &5k
F PR AT A F e A B, HE AR IR
eI G H]

S 3k

[ 1] SCHMIDT E. Heat Transmission by Natural Convection
at High Centrifugal Acceleration in Water Cooled Gas
Turbine Blades [ C ] // Proc Inst. Mech. Eng. ASME
Conf. Proc. 1951.361 -363.

[ 2] JAPIKSE D, WINTER. Single-phase Transfer Proces-
ses in the Open Thermosyphon[J]. Int J Heat Mass
Trans, 1971,14 .427 —441.

[ 3] KUSUDA H, IMURA H. Boiling Heat Transfer in an
Open Thermosuphon[ J]. Bulletin of the JSME, 1973,
16(10) : 1723 —1740.

[ 4] NEJAT Z. Effect of Density Ration on Critical Heat
Flux in Closed End Vertical Tube[ J] Int J Multiphase
Flow, 1981,7. 321 -327

[ 5] ZHAO Rong-di. The Experimental of Two-phase Flow
in the Open Thermosyphon Heat Pipe[ C] //7th THPC,
1989.

[ 6] TU C J. Principle and Applications of Semi-open Two-
phase Thermosyphon[ C ] // First THPC,, 1990.

(WAERHF PR



