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An Experimental Study on the Heat Exchanger for the Engine
Waste Heat Recovery Using Serrated Fins and Bayonet Tube

Yong-Bin Im? + Tae-Jin Yang* - Jong-Soo Kim#**

Abstract : In this study, high performance waste heat recovery heat exchanger was
developed using the bayonet tube with spiral serrated fins. Especially, heat exchanger
of the bayonet tube type was operated well because of double water passes mechanism
and characteristics. A cooling water passes down inner tubes to thimble-form tubes,
then flows back up as it boils. The heat exchanger of bayonet tube type was composed
of steel tube with 7 channels(I.Di 14mm. I1.Ds 31.6mm) and spiral serrated fins. The
performance tests were conducted under the following conditions : A cooling water flow
rate was 273 kg/h and engine rpm was varied from 750 rpm to 3500 rpm. From the
experimental result, waste heat recovery was 9.21 kW when engine trpm was 3500, and
pressure drop was 15 ~ 260 mmHg/m'. The effectiveness of heat exchanger was about
0.7 ~ 0.9. The performance of heat exchanger was evaluated by using the e-NTU
method. In the study, the NTU of the heat exchanger was 1.57~2.33.

Key words : Bayonet tube(2% E 033, Serrated fin(FHE #), e-NTU(FE%-NTU), Engine waste

heat recovery(<l %1 vl & 3] 4)

JlzAy v : Velocity, m/s
V : Exhaust gas flow rate, m°/h
C : Heat capacity rate, kJ/K W : Cooling water flow rate, kg/h
¢p : Specific heat, J/kg - K Re : Reynolds number
m @ Mass flow rate, kg/h Pr : Prandtl number
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NTU : mber of transfer unit

oA ZX}
¢ . Effectiveness
U Viscosity, kg/s - m
ot M Xt
¢ . Cooling water section
h © Exhaust gas section
i * Inlet
o : Outlet

min @ Minimum

max - Maximum
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Fig. 1 Bayonet tube waste heat boiler'".
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Table 1 Specification of the waste heat recovery
heat exchanger

Heat exchanger volume(m®) 0.03
Total heat transfer area(m®) 4,165
Inlet tube diameter of cooling
18
water{mm)
Inlet tube diameter of exhaust %
gas(mm)

Fig. 2 Photograph of the waste heat recovery
heat exchanger.
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Fig. 3 Schematic of diagram of spiral serrated
fins.
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1. Engin 2. Waste heat recovery heat exchanger
3. Flow Meter 4. Water pump 5. Inverter

6. Needle valve 7. Circulation bath

8.Air velocity transmitter

9. Differential pressure gauge

10. Data Logger 11. Computer

Fig. 4 Schematic diagram of the experimental
apparatus.
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Table 2 Accuracy and test condition

Thysical Accuracy| Test condition | Note
parameter
Inlet 5 . .
+ ~
temperature *0.3¢C 25T ~48¢C T type
Outlet . i} .
+ —~
temperature +03TC . 29C~75C T type
Water flow 99 273 kg/h Dwyer
rate . Int
Differential | 0.lmm | 20mmHg/m’*~
pressure | Hg/m’ | 260 mmHg/m’

2 AEAA AMEE T-type €3 L]
A BEFE LEAR BASYY, EESH 9 Hxts
B ol Wl + 0.2CHES Ukt AZ7)
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Fig. S Variation of exhaust gas flow rate
according to engine rpm
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Fig. 6 Variation of exhaust gas temperature
according to engine rpm.
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Fig. 8 Variation of heat transfer coefficient with
engine rpm.



<R Q]

op

9 e - AES

Fig. 72 A9 rpmS WHIAIAA w77} ol g3t g3 s FuIVE A EHAE &
o] LEe} FTHE HHlﬁi% o), Yzt H4e) A 9 dusy] Mg B8 ded 2 AES
E gdES el iy 750 rpmol 2 99°Ce) ) At}
717k 27 E2% 40.6 m?’/hi W71 7k F )

2 53¢ 9 du87E 0.73 kW JEFg 3
392, 1000 rpmolZ 107°Ce) wj7|7k2=7} 250 1
79.5 m*/hT RENE R WAE 177 T o
KWg sFsidch w8 2000 rpm, 147°C1 T
141.3 m’/he} w71k E 2.87 kWel €& &
34893, 3500 rpm. 280°Cel 212 m’/hel b

W77k ~el e 921 kWO E%E 34 +

Fig. 8& AdL &8 wdsls dvdvg § rpm
3 £ dAg AFe 3500 rpmEd Hd34 Fig. 10 Variation of pressure drop with engine
W/m’K 78 7Hdth Fig. 92 ¢-NTUY #AZ rpm.

A

JER It Aol ALLH WE3S dugrle &
55 0.75~0.97 U, NTUE 1.57~2.33
Her} ugth o] £AES dwdr] HFH 27
2 Rt AF ARE ¢ -NTU 488342
e = 6=1'05(176*0.8245NTU)O]D}_.

Fig. 994 wgals dusr)e] gt 73atl
el RojFvh wirlzta Eo b et
mmHg/m’elst2 A veht, o2 A% dAxE
golu wjr)zpzel wirle] 2 JTL FA RS
Ao dergc

(1) ¥zt %22 273 kg/h2 FAEA <Az
9l rpme 750~35007FA ZA@sled w7}
20 2EE 99~280°CE WHAZL, u)l7|
L 40.6~212 m*/hE WAL wol|
o 853 3500 rpmelA 9.21 kW3
T, ARINE EFHS WZEE 65°CHA
96°C7HAl F7HAE & Ut

(2) 2wsr] A% SIS 98l eNTURS
AME-sle ALY A3 f8%= 0.7~0.97}
Ugty NTUE 1.57~2.33°22 ey

Wj7)7bze)l  ofo]  Bold4E AW
/(, ZbEoloble & & YA, AW Aol
e RS GolH kT, eNTU Absa)e
. 0.6 - e=1.05(1—e 70.8245NTU)<})3\E}.
0.4 (3) 2IALATE 34 W/m* K= Yelgy,
W g3l dudr|olA] Wrrts Eo ¢4EE
0.2 4
28 15~260 mmHg/m’es e} ¢
00 : AR Q% AA Y BAE PE AL
1 2 3 4 5
NTU sl gth

= g Al AZA ATAE
2 AFdME d FUHE bayonet #S Aol eJate] FHJCH oo FAL=H YT

(690)



(1]

2]

(3]

(4]

(5]

(6]

(7]

[8]

(9]

FUHol $244 2% GnEHE o &F X e 5o A 434

ilal

b

Ao
il

G. F. Hewitt, G. L. Shires, T.R. Bott,
Process Heat Transfer, U.S.A.. pp.
491-498, 1994.

Hinchley, P., Waste Heat Boilers:
Problems and Solutions, Chem. Eng.
Prog, 1977.

Talbi, M: Agnew, B, Energy Recovery
From Diesel Engine Exhaust Gases
Gor Performance Enhancement and
Air Conditioning, Applied Thermal
Engineering. Vol. 22, No. 6, pp.
693-702, 2002.

Shields, C. D., Dryout in Horizontal
Hairpin Waste Heat Boiler Tubes,
AICHE Symp. Ser.. 69(131), pp. 55,
1973.

S. 8. Hsieh, C. T. Liauh, and W. 8.
Han, Thermal Performances of Heat
Exchangers Applicable to Waste Heat
Recovery Systems, Applied Energy,
Vol. 29, pp. 191-200, 1998.

Cho, S. M., Park, Y. J., Kim, C. S.
and Seo, W. B, Development of Waste
Heat Recovery Technology in Iron and
Steel Making Process, Proceeding of
14th Workshop for the technique of
energy saving, pp. 361-365. 1999.
Hoo-Kyu Oh, Simulation for High
Efficient Heat Pump System Using
Seawater Heat Source and Exhaust

Energy, Korean Journal of
Air-Conditioning and Refrigeration
Engineering, Vol. 15 No. 1. pp.
59-66, 2003.

YUNUS A. CENGEL, Heat Transfer,
McGraw-Hill, pp. 570-609, 1998.
Webb, R. L.,
Heat Transfer, Wiley, New york. pp.
35-40, 1994.

Principles of Enhanced

(691)

[10]

[11]

[12]

A 9

s

T. O'Doherty, A. J. Jolly and C. J.
Bates,
heat exchanger,

Analysis of a bayonet tube
Applied Thermal
Engineering. Vol.21, pp.
1-18, 2001.

Harpal Minhas and G. S. H. Lock,
Forced convection

Issue 1,

in an air-filled
bayonet tube during the laminar-
Iternational

turbulent transition,

Journal of Heat and Mass Transfer,

Vol. 40, Issue 8, pp. 1885-1894,
1997.
N. Kayansayan, Thermal design

method of bayonet-tube evaporators
and condensers, International Journal
19,

of Refrigeration, Vol. Issue 3,

Pages 197-207, 1996

N A A W
IR GHEH)

19754 1124, 19984

scistn

Vo = 1 | B HEFS ®T (A, 20024

- Soiate 4SBT BN,

i & SCHEM sRAlaby

SENE! (BAIR)
19774 1184, 20044 SZoHs
W E O AR Al 2 8f (3
o SHUED hetel JES T3S

o [=]
AALbE.

ol

> |
El

i

8

o
H

z%%
™
1
o

o M
oH

c 1%
_‘:__| -
i
14
o
Rl

e
2
o
©
=
0
)
or
El 0

o

= g o g IN
]
I

o B &
il
?

]
Hr
El
41



