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Experimental and Numerical Investigation of PCM-based Heat Sink Used

for Calibrating Blackbody
LI Yaning, HAN Dong, SI Zetian, ZHENG Mingrui
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract: A cylindrical PCM-based heat sink is proposed in regard to low efficiency of heat dissipation from internal aeronautical
devices. With paraffin wax as the phase change material, experiments and simulations are conducted to study the effects of fins
structure on transient melting inside heat sink and the change of heating surface temperature. The results show that the increase of
fins in number and length can bring about more uniformed internal temperature distribution and lower heating surface temperaturce of
heat sink, but little effect on base temperature despite the increase of diameter of the internal stem. The results also reveal that the

increase of fin proportion in heat ink can extend working time when the critical temperature is low.

Keywords : cylindrical; PCM-based heat sink; paraffin; fins; critical temperature

0 355

B AR SE A AN NLAE AR S AL IE Y R B
S e VIR B YN SR S XN RO A BT |
% LR BRI ARG bR 2 AR HIA B R E O 2K
N KA R A B (E6 T 25 2 E I Bl /N P B T4
FEAMELLE® TR 5E5 RS KB ARML,
AR BT B AR B R AR SRR v T 24 RE T
VLT R A0 At I i G AR (EAH AR BRI S IR B
K5 3T E G AR T e PSR AL, SR R R
HEAF SR, Rk TaR b AL AR T, BT
WFFE IR,

HWE A AR B IR & @ B e S e ROT
A N A AR, AKHILESH R R8s 5
D7 BT T R AR LA TR I R X I A AR RB Y
PRAEF 28520 3 o s 0 e B4 T 1 - R 6 K I 8
PE OB PR . ISMAIL K A R 4554307 T i AR
ER R X B PR TR R s i, & BRI K
B B SR AR AR 4 A PR A X B )RR X ALY
T ST . ARSHAD A 25100 LUA R ARAS bR}

IR TARELY HLARA 9% LR AN [ (0 B 1 1 7 A [R) A 4 52
TN T A SR PR BE  IR5E T PCM IR BL 4 4
Bl AR XS RO TAR B ] A5 i N S 3R B2, HU
7 P 5T SR E BRI TR I Sh e ) TR RS Y
K a5 ANEM L, SR AR
5.5 I, PRSI E T 45.7% , ABDI A 2518 {iff FF B {4
FUBFFE T Bl B9AS [R) S 7 1 6 SRR ER J Ab 2 A 1)
S, KTl A B T L R AR A AR R 2 i
NS PCM [ A SRR . B T X 4 JE AT Bl 5% 2 41, 3T
SRS F R T AR AR AS BT, SRIDHARAN S4517 2
T — R BRI AR AR ST, T a S0 R B R
RS RG ORI AT T AL, & I AR T L AT T AT 1 34
PERE .

g5 L RTIR , H AT AHAE T AF 5 32 0 AR AR A
UT, A SCHY B BB 5 A T AR AR BRI 2 21 SR Y
TARRE, I EARSE TR A BB AR m i A
A 2T PN ER RIAT () AR X N PCM 45 Ak B FRT RS T
REEARIREIA , BLAN 50T T PRPAS [A)IG SRR T 1
SRALER . TEUCEERN [, SCERHEST 30 W IH B A T T
JEG T 9 AR A B4 FL S SR ) IR A 1, R R R
A AR DT BT HR I —E S Rk

EE&WA . R SR IEABHIT 55 9% & 0095 4: 95 B35 H (NP2018107)
E—EBEN W T (1996—) , B, INAHEDT A, WL 5T A BT 75 16 71 BEHE

- 196 -



BE5EHY -

FRT,F - AT ARBAR AN LRI F IS BAL AT

1 HFiEdl

1.1 JL{ap4& sy

B 1 AR SO e F A T E5 M s R, AR SC RN
RFE A ECE K BERBRFF BT I, £ 1 TR
FRSH, HOUME RS, TR PCM A, Y541
g2 fis,

52

(b) IR &

1 RiNENREE

S ®EE B N; FERKE Ly/mm AT ERR D./mm

Case A 0.4.6.38 8 8
Case B 8 4.8.12 8
Case C 8 8 6.7.8.9

R2 AEERHYESE

SHER Fa):5 B
T 1/ °C 57~60
WY (kI kg) 200
ey (k/ (kg + K)) 1500 0.87
FE/ (kg/m?) 900 2719
FHMEH/(W/(m - K)) 0.3 202.4
Pk 2 E (1/K) 0.001 5

1.2 tEEBSHFRLHE
Xt PCM it il B .

p
—+p(V -0)=0 1
o, p(V +v) (D
3 1
- Vo=——Vpto Vii+g+S (2)
ot P
9
(ph )4V - (ph)=V - (RVD)(3)

PRI DX FL B2 A6 5 e 7 2 o B T DA i DL

AN
5=y (4)
(y'+C) ™

Xfp N B, keg/m’; b, A, KI/kgs v N 8h 1 36
m*/s;0 TR m/s ;e BT 5y ﬂﬂ?&*ﬁ%;Amshy%j
BRR X H 8, m/s

BBEAR T 14 A 2 T 4 $A, JFS T 3 3 5 S 56 A1 TR Y
30 WIE & #4 0 % A iF 47 I #, SR A Solidification &
Melting £ 80 RIPIR X% B0 & 10°, ®1 4R IR ¥ N 310K,
WERisR 20, Mah it FR AR 24 (0 <107 BE H oy FE ok 2
{E>107 Bp g5 o8,

1.3 XU T KL IE

TEA) 25 B3 B, 0 250 38 I I A 04 i 57 1, AR S R
Case A N, =8 MIHHL A FISEATIE, BE4UFE 30 W in#h
T 800 s NVRAHZR (AR 1k, FFid s T B A AHER,
El 2 J R (A P24 (BRI, AR OG5 N3 S AR ),
307 289 A% il 489 960 /i~ W) 4 (1) e £ T AH 2R 22 Il <
1.5% ., NI, BE4307 289 R #s BEATHIE R,

1.0

—=— 489 960

[ [—*— 307289
_a

0s F 246 488

0.6

Wit

0.4

0.2

. . . . \ . ,
0 200 400 600 800
IR A)/s

2 AR S PELEIE

2 HBR5HH

2.1 PITISLEEE

Case A fRREEFIRAR 210 = UINIEL 3 FT 7R . TERD R
BB, PCM A AE BE 1 [T T B Ak, 1 %80 H B3 finl
PAGE AT BE SN2, PR B8 B S PR R T PO, filE
TRy P R OF 2 £ B 1 PCM, TR B B,
SRR 2T, BEE R TR RSk e DT
JRCHR RN L B e VRUAR PO, W5 HRG2 T 1A 2 11 g
RAFETT I, A ARXALCA T AL ITT . T A 2Rk

- 197 -



BE5EHY -

FRT,F - AT ARBAR AN LRI F IS BAL AT

TSN, TRLRE R ) (R WRORE PCM. 1) 820y, Jf HL 2 i 17 i
W T AR

Ni=8

B3 Case ARRE(L)FEHEERAH)H=E

4 SR T ANTR] B8 PRDTEE AL A TR TR I E S, X
T Case A, B A 8CiE A3 I, FAIC T AR A rh L E
LRI/, TE TP B, IR B AR, [AIRE, Case B il
Case C HAT M AR5, DXHITE T IRFT EAR 0922 (X i T
TREERMAAR N, S DA -5 38 RO A 9 RO A B A

F, S8 T A S AT (3 AR ST B I iy A R AR A R
0 ‘ 200 ‘ 400 600 800 ‘1000
IR/
(a) Case A

g =7 =4mm
= L=8mm
45 ——L=12mm
35 . . \ \
0 200 400 600 800 1000
IR [)/s
(b) Case B
85

TR/ C

0 200 400 600 800 1000
HfIRl/s
(c) Case C

4 AEHEENKEBEEN

- 198 -

2.2 IgREEELZER

5 SR T 76 W R AS [F] A9 I SR EE (70°C AT 75C)
TERARE  BRALRAYRE SCRA A B BT 1E A 2 R
T TR BB IR B LARA Bl R

Tcrvwithﬁn
T )

MELS TTLE S AR A 70 CHE BEE R A&
BE BRI AT AR AN, By R N, Ho,
H T R 2 AR ATV VR R R AR T R I ST
FEM 70°C A8 K 75 °C B, sk 2 Rk F AR 3 T AR KAy 2
o TESE E MG SR T, B B 4504 e A o A 2R 1 5
WO IR (EUR ) A R Ry 75 CC B B A 5
AR IR — 8 IR G B[R], &5A R SCRIA T, B4 m
Jl R AT L A0 I B B 48 4) , PCM Y BT i e E T
FERSTR], PR, e S 30 B S5 (B, T ARG i o A 72 ST Y
5 H, DARE R TAERSIR), 2411 P30 B 4 v ) 3 2 1
PCM 1Tt AT LATE 4 1R A A A 35 B IR R e &2
4847,

9 mm 1.86 |
o | 8mm 174 |
g [ 7mm 164 |
© [ 6mm 1.55 |
m |12 mm 2.21
2 | 8mm 1.74 |
O [ 4mm 1.33
< | 8fin 1.74 |
2 [ 6fin 1.52 |
© | 4fin 136 |
S S T N S S Il
0 05 1.0 L5 2.0 25 3.0
[
(a) T, =70°C
9 mm 26 |
ol 8mm 2.66 |
z 7 mm 2.71 ‘
S| 6mm 2.75 |
o |12 mm 2.76 |
2| Smm 2.66 |
[ 4mm 246 |
< | 8fin 266 |
%6 fin 2.69 |
© [4fin 2.63 |
o b e e e b e b b by
0 05 1.0 15 2.0 25 3.0
pities
(b) T.=75°C

5 AEIEFBERXTLE

3 KR

N T YD ELA R B E SR BT R RS T AR AT
IERSEEE G UNE 6 (a) Pz, % AR G0 T Bl AR AL
INFAZRGE L R R A R G AR 4, AR FAT R ik
JET HE SN e R | T A RS A LA A Ao 0 ol Py BAE



 ES5EH - ES T

T AR BAR AR T I 5 B B T L S 4 AT

N, I8 AT BN N ELAE 50 mm BN 4N = B
PAR, IO T ARSI, 7B PCM AR, 205K
Zhaoxin KXN-6020D ) EL i fa e #5 #5 l  #A D08 A9 R
FEH 4 A K BB R AT, B SR AR AR5 Keysight—
34972A, FASUUAN ISR R R IR S I ERIE IR 26 C
(+£0.2C) ,

(a) SEHL RGN B (b) LI HIUREE

6 IRRGERLYE

7 e 30 W AR Dy A BAT A4 R ThT ik B2 78 Ak A
2k, TERIAG Y B T i AR 2 iU T iy e AT R Y
PCM EZJE WA IO . 2 )5, 5 7E — B ] py 5
APRFFAE U PCM A A AZ T A e 1 L P 4 A 4
AR BL, RS IR TR, PCM 2
SERUAL  HFEEEA WA B, M AT LU Y S8 (E
5B HA R[] 04 B AL A 3, JEAR X R 22 B AL AR
9255 K1 16.2% . K, 7T ABGUED ELA5 A IE T

100

90
80
70

60

R/ °C

50
40

30

20 I 1 I I

15 /s
E7 30 WinHTHRTEERENZN

4 ZhiE

A S 3 AU RN S 06 B0 IE A 25 5 0 T SR AT A (] 45
F o3 AR D TPERE R E IR, P A N R 4518

1) il 2880 B mT LA R IT0 P 78t B 20 A S
2, RN AT RUBER [ 2806 AN, $2 i F i PCM A9k 1L
I,

2) B P e BE R A AT LA AR BT T AR
T P A AT PR (LB i P S R AR X L
WA,

3) AR T ARG B 70 °C R 75 °C BT SR AL R
1 U BRI, wT LA B R 4 b5 DA SE K T AR
], 24 ARV S AL 85 o (B A, 35 2 39 m PCML %
FURT DS S 3 ) P PR I 3, LA £ 28 B A I ) 42 4
BT,

4) L R -5 AU EL A AR [R] 03l B2 7R A e, AR
KPR ZEFRALAE 925,160 16.2% , 41 e 7T LA UEA EL4%
RAERPE,

e
[1] AL, — R TR LR S S iR B ik (1], 25

AR, 2016, 13(3) :76-80.

[2] HARZE. B RE AT IS S 25T [ D], BRI 4

rhRHE R ,2017.

(3] TokA: JFail, PVHERS. RIEAH SR RER BT SE Rt (D], 1

T} ,2010,29(5) :896-900,913.

[4] AKHILESH R, NARASIMHAN A, BALAJI C. Method to
improve geometry for heat transfer enhancement in PCM
composite heat sinks[ J]. International Journal of Heat and Mass
Transfer, 2005,48( 13) :2759-2770.

ISMAIL K A R, ALVES C L F, MODESTO M S. Numerical and

experimental study on the solidification of PCM around a vertical

—
W
—

axially finned isothermal cylinder [ J J.
Engineering, 2001,21(1) ;53-77.
[6] ARSHAD A, ALI H M, KHUSHNOOD S, et al. Experimental

investigation of PCM based round pin—fin heat sinks for thermal

Applied Thermal

management of electronics: effect of pin — fin diameter [ J].
International Journal of Heat and Mass Transfer, 2018,117:861-
872.

[7J HUZ P, LI A G, GAO R, et al. Effect of the length ratio on
thermal energy storage in wedge —shaped enclosures[ J]. Journal
of Thermal Analysis and Calorimetry, 2014,117(2) :807-816.

[8] ABDI A, MARTIN V, CHIU J N W. Numerical investigation of
melting in a cavity with vertically oriented fins [ J]. Applied
Energy, 2019,235:1027-1040.

[9] SRIDHARAN S, SRIKANTH R, BALAJI C. Multi objective
geometric optimization of phase change material based cylindrical
heat sinks with internal stem and radial fins[ J]. Thermal Science
and Engineering Progress, 2018,5:238-251.

[10] VOLLER V R, BRENT A D, PRAKASH C. Modelling the

mushy region in a binary alloy [ J]. Applied Mathematical

Modelling, 1990, 14(6) :320-326.

I FE B HE:2020 - 09 - 25

- 199 -



