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ABSTRACT: Performance of heat exchanger was evaluated to heat exchanger using oscilla-
ting heat pipe for waste heat recovery of low temperature. Oscillating heat pipe used in this
study was formed to the closed loop of serpentine shapes using copper tubes. Heat exchanger
was formed to shell and tube type and composed of low finned tube. R-22 and R-141b were
used to the working fluids of tube side and their charging ratio was 40%. And, water was
used to the working fluid of shell side. As the experimental parameters, the inlet temperature
difference of heating and cooling part of secondary fluid and the mass velocity of secondary
fluid were used. The mass velocity of secondary fluid was changed from 90kg/m’s to 190
kg/mzs. From the experimental results, heat recovery rate was linearly increased to the
increment of the mass velocity of secondary fluid and the inlet temperature difference of
secondary fluid. Finally, the performance of heat exchanger was evaluated by using €-NTU
method. It was found that NTU was about 1.5 when effectiveness was decided to 80%.

Key words: Oscillating heat pipe( %% 3| E u}e]xE), Bottom heating mode(3§-7142 =),
Waste heat recovery system{# g &4 Al2¥), Serpentine(A}#}), Shell and tube
heat exchanger(dglFH dxg>])
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Table 1 Characteristics of heat exchanger

Table 2 Dimensions of low finned tube

Heating mode Bottom Tube layout Staggered
L. 2,111 TLA (° ) (triangular) 30
Ly 0.89 ] 0.018
dy 0.070 3 0.018
Number of Pass (EA) 147 0.00048
Heat transfer surface area (m®) 12,75 s 0.00115
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ot ZF FH9 Fdels Wd 4 AHdE D, 0.00714
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A
g

33dm#r|e s g 24

ﬂ

Y FHE dolx dxagrie UFE EAF
H2EE Fig. 69 313 Jdedisivh a7
Wzbs-e] 224 FAD B3 @ Aol diF dA4
Ry, R), 85 A= ATF(Rs,, Ry.), 3
E gelZ i AW R,), HHe Ao o
FE #HolT A R,)LE TEiY 2 4
g A3 et A

R=R+ Rt Ryt Ry (1)

+R 4t Ry TR,
Jurig Hes 2P + e AwlH 84
e dutEel Aol E A9 B FHd
Ae dif gA%gele & 4 Uk F, 23 {4
B9 frdel MESTE FdAFE el 2

Arc = Fin

i [ I
High . Low
temperature Rn$ |Splltter $ Re temperature
side plate side
(evaporator)  Th Te {condenser)
Fig. 6 Equivalent thermal resistance network
of heat exchanger.



AL MY A5E AFY SE

g5 SE stolZ F4E AF Aol 4

a T
st gl A% AY Ryt Ay gz
g 4+ Ao,
34 HE fHol M7

FE FAe HAL IE Fo|Tyy dAolE
EFoM Hd A% ® Y FF5E Y "9
2 Algle 2 M) ol FE ZAF fFAY L
d, 34 T4 dosy FAel o AAHUL
Y 3E HolzZe] 2AF A4 MHE A¢ H
7t Aee A wrh dok ek, B dT7Y
Mz debAgl gate] &9 Hr A= (Figure of
Merit) & #u2 3% #HAE HAsgded, o=
2(4)st o] #AARG?

0.25
o= [J—h” i’ il 4)

!

o] 2 FHo H¢EL 1Y I E Ho|Ly 53
4, B4 adF 2xdM ggd FF F4A9 F
EA Hrtel AbL-"rn

Fig. 7& dutzd oz FRoA ALgEHE 2tE
Wol o g ot A (Figure of Merit) &
bl AHeolch 2F 2% 208K HITdAM H=7}
+& Hlud 2H, 4 RS Ayt R-
229 FS7F &3

olF R-22& ©& 3FIF #FAMEY H& F¢
Bde HAY AT BT Ao AATETY

8000

7000

6000

5000 |

4000

’ (kglle“ss":)

3000

2000 |

R-141b

1000 R-800a
R-280Q
0 . L 2 . .

280 oo 320 340 360
Temperature (K)

Fig. 7 Figure of Merit for various working
fluid in thermosyphon.

Tholit @ yr|e] A5 Hrlel HF AT 373

AE7E 7] el #7b Azt ot =A Ue
wot &Agk 2 e £EAHISK) ZAEd M 2
of d&s Hrl HMAME EBEHANEMA FEHEs
S&B 2ho wd YA HIFL ety
o s, o]o] B Ao GAle]EeA g A
% AF7E "4 R-229 R-141bE 3% #A=
AR Hd 34+ Qudr)y dAY 4L
37 g o

4. A 5 2 nF

WY HF QEBI)E FP B 2Us Ast

t a7 2ES At 2% 1844 945% %
Hoz #u A B ATAME ALEANA
ge o WY H5E 2Hoz oo 498 9
shsich. olw, 4 2 WeE A Fxe| W
o e Fwrs 3% PT 4V AS
Watsh AFY FE ST W HF Rl
47 9 F7ETY AFeln & F Anh

41 T HElo 2 HHE 45 F2

#FE Fa R-229 R-141b2 A1g8z, 7Hg
o} Wzt )l 2=alE 10K, 15KE YA
A FAF Ao, 23 /A9 AF 2 W
o wE # d#Fe BIHE Fig. 8 dehlisl
b oA, @AFH(Q )T IS A B)E 1§35

o ek
Q@ = me,dT 65)]
30
0 AT=10K (R-141b)
A aT=15K (R-141b)
25 » AT=10K (R-22)
& AT=15K (R-22)
§ a
= n} a
£ .
b
.E 15} . .
.
5 10 “ e 4 a
] . a
=
1 o
5 o © @
[=3
0 . . . .
20 40 80 80 100

Mass valocity (kg/m’s)

Fig. 8 Heat transfer rate to mass velocity of
secondary fluid.



374 gl - o] RHE - AHE - AFF

ZEg £x7t Fige wer sl dF2 H¥F
o2 Zaslgden, o= 22 #A9 FAH &=
F7herel =), B A 23 FA Alojel M
g& AT Fahe 710§ HAelch R-228
T AR AIRRE A% R-141bE &5 FAR
ALEE SR ddEEe] o 2i M %A
Vet ol 3|E mhelX ujRel aAF HA
e @ o] "giFe|nl Fig. 7oA ¥ F
e A Feo), GAro|ESelMe] Hrp 44
Figure of Merit?] gte] R-22¢} R-141b7} Hl&
st HE 2dg “:H B E SolX el 2}
Fdo] NeL P83 FAAMNL £ e EUE
EAA7 A5 e HAE 5+ A AsEH 1Y
Heojziol ghvtau Alzpd ol

42 9l 2 dsd g AEY 45 Hol

Fig. 9= % #4 R-229} R-141bE Al&slxm,
23} A9 Ty £TE 30ke/m’s, 46kg/ms,
61 kg/m’, T6kg/m’s, 92kg/m’sE WEAF 2
UF 25aEF 2tz 10K, I5KE2 HEARALE o
o] g+ EAHL yed Rejoh, LEIAT)IZE
258 £4 dFPo) Flged, FEE 4
A e B, R-229] Z $9 R-141bX o 2
W HE 2 23588 dEun Qon, Wt
Z5 3 A veyd,

43 ZE £ Had g &3 AWGY A5

2 AFdAA ed AE He dugrle] 4

0

G = 30kg/ms (R-141b)
G = W0kg/’s (R-22)
G = 4kg/m’s (R-141b)
G = dekgim’s (R-22)
G s1xgim’s (R-141b)
G = Blkg/mf's (R-22)
G = 7Bkg/mT's {R-141b)
G = Tokp/T?'s {R-22)
G = B2kgin’s {R-141t)
G = S2kg/m's (R-22}

28

]
*
499 BONO P

-
=]
!

Heat Tranafer rata (kW)
o &
POHIF & B ¢ 4

S008I w

8 1IC' 1‘2 1‘4 1‘8 1.‘3 2‘0 2
Inlet tempraturs difference (K}

Fig. 9 Heat transfer rate to inlet temperature

difference.

A A2 ATE F e FT 44 A
(Overall heat transfer coefficient}E& Fig. 10¢}

Vet th £33 9A2 Ass gg AN 9
& FaA
U, = me, AT o

AdT,,

A7V, ATy & A5t 3245 Z2e 4&T
REE ZA% A®Y LMTD 24 AHes
o W BE =22 FIad.

(Tht cn) (Tho c,o)

NE=

AXH ez 2 o, R-229] A7 R-141b9) 3

o wa) o 2v] FE B T QMY lil-n-%k
< Holn Yk AL ¥ £ Utk oHF
A AT Aot Y AF 4 WA
Ao dxg A7 FUsdn ARHAL
o, 59 A% &= HYdNe A%y &= 3
o]Z WelolM JE go]lZ YR JF FA=
dedHE dasd o AT AAY duE
F7)¥e G4 AW T o2 AF FF F
Aol AT R FETY FUF JF A

ATy, = (8

RNo B Azt
180
O AT = 10K (R-1415)
o qgob ] & AT=15K(RA415)
" ® AT = 10K (R-22)
E A AT = 15K (R-22) &
E 140 - a .
N

E 120 f :
o

A
§ 100 | .
- rFy
3 [
= fOf
:

&
8o A
= a a 4 0
-] a (o]
£ o
= 4o} o
[
L]
& =f
0

20 3‘0 4‘0 5‘0 5‘0 7"0 3‘0 BID 100
Mass velocity (kg/m’s)

Fig. 10 Influence of mass wvelocity on overall

heat transfer coefficient.



A& W 358 J5Y 3E vho] = du@rlel 45 Hril @ AT 375

44 e-NTUHo] 2/ JuE? 45 "ot

e-NTUHA <% dugr) 4% Hrte 4
a2zl whgelw Adwkxoz ALFHT rh o
g4, B dAFoAlE e-NTUHA 28 2EFd
FE FHel® dugr ey 4 veliiglen, o
& AFY I E IHo|xg ol &% 2unfr|y 4
A ARz AFsdax gdoh FEE()9 AL
o AHgsHE NTUE A(9E o143t A4dct

U, A
Cmin

NTU = (9
d71M, Uye ANz FHAY, #L: d8FE
Coin e A0NEA 78 5 U

Cin = MC, (10

Fig. 112 2 Aol ALgsofd IEd 3B
gdolx durle FEEE HEd Ao,
NTU w& #&=2 Wi D7 2o &
g€ + Ao

e=1-e "V (11)

gz e NTU7ZF 058 A Jehgz e
g, ol & dixd dHoez 9% Rezg o
AAw, A% f4d g2 F3 93k A5
ez o# FE4E EF AolE JEhith

10

a R27

08 F [ a4 RA41D

AT = 15K

0.8 | | —— Catculated value

07 F

0.6 -

w 05r

04

D3 r

. . ) . )
c.0 os 10 1.5 2.0 2.5 ao
NTU

Fig. 11 Effectiveness of oscillating heat pipe
heat exchanger.

Fig. 1144 #4588 8%z 4% Ffdds
NTU7F 15 AE7 e 3& & + itk

5.8 £

NEY FE Ho|ZE o]E% Fo|HE AL
HY Ferld Ad ds HAE B9, GiF
ge HEBE 4E F U

(1) NE 449 5 duagry dAE 4% A
3te] a91¢l foulingd €A AAT ¢ Y= F£
o AR MEY A2 HY I+ duIAE A
aat g ot

(2) A% £59 27 F7HE w2, e
dae dgzxen Friegon R-228 AHES
4e de HE H5%L 59 AF F4 2H4
A R-141b8] A $-Hoh o 26} 7h Egioh

(3) dAtolFEolAy AT FA HAF AT
tell= Figure of Merits A &xdM9 A%
g SE #o)ZTdML Hd 5B H¥HeR
v] #) 8l =) gk st

(4) e-NTUA& <] &3le] {28 AT 9,
FEEE 0%E AY ASde NTU 15 FE
7l e Ag 898 5 zldoh

F 9l

2 A3 398 AH(KOSEF, #A HE
98M4-1506-00-01-2) % FAdisw sfFALdA
w2 A (RCOID) A Yol osld Fy=giod
ofe ZHAF =¥uT,

|

1. Kim, J. S, 1998, Heat pipe heat exchanger,
Aquaculture, No. 108, pp. 89-93.

2. Gi, K., Izumi, T.,, Maezawa, S. and Akachi,
H.,, 1998, Heat transfer characteristics of
loop tvpe oscillating heat pipe, Proceedings
of 35th National Heat Transfer Symposium
of Japan, pp. 519-520 (in Japanese).

3. Maezawa, S., 1994, Capillary tube thermosy-
phon and dream pipe, Proceedings of JSME
annual meeting, Vol. I, pp. 533-595 (in Ja-
panese).



. Akachi, H., 1994, Looped capillary tube heat
pipe, Proceedings of 71th General Meeting
Conference of JSME, Vol. 3, No. 940, pp.
606-611.

. Kays, W. M. and Londen, A. L, 1987, Com-
pact heat exchangers, pp. 11-78.

. Huang, B. J. and Tsuei, J. T, 1985, A me-
thod of analysis for heat pipe heat ex-
changers, Int. ]J. Heat & Mass Transfer,
Vol. 28, No. 3, pp. 553-562.

. Dunn, P. D. and Reay, D. A,, 1995, Heat pi-
pes, Pergamon.

. Heish, S. 5., Liah, C. T, and Han, W. H,,
1998, Thermal performances of heat ex-
changers applicable to waste heat recovery
systems, Applied Energy, Vol 29, pp. 191-
200.

. Lee, Y. and Bedrossian, A., 1978, The char-
acteristics of heat exchangers using heat
pipes or thermosyphons, Int. J. Heat &
Mass Transfer, Vol. 21, pp. 221-229.

10,

11.

12.

13.

Lee, W. H, Kim, ]J. H. and Kim, J. S., 1998,
The basic study on oscillating capiliary
tube heat pipe, Proc. of 4th KSME-JSME
Fluid Eng. Conf., pp. 321-324.

Im, Y. B, Lee, ]. H, Lee, W. H., Kim, |.
H. and Kim, J. S., 1999, Influence of work-
ing fluid on heat transfer characteristics of

heat exchanger using oscillating capillary
tube heat pipe for low temperature waste
heat recovery, Proceedings of SAREK Sum-
mer meeting, Vol. I, pp. 89-94,

Ahn, Y. T, Lee, W. H, Lee, ]J. H, Kim, J.
H. and Kim, J. 8., 1999, A study on the
performance of oscillating heat pipe heat
exchanger for low temperature waste heat
recovery, Proceedings of KSME Autumn
meeting, Vol. B, pp. 418-422.

Hewitt, G. F., Shires, G. L. and Bott, T. R,,
1994, Process heat transfer, CRC Press, pp.
73-92.



