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Development of high performance waste heal recovery

heat cxchanger for the Total Energy System

Kwon-Sam Chol

Department of Refrigeration and Air conditioning Engineering.
Graduate school,

Pukvong Nauonal University

ABSTRACT

In this study, high performance waste heat recoverv heal exchanger
for the Total Energy Svstem was developed using the havonet tube with
spiral serrated fins., Especially, this heat cexchznger of bavonet tube tvpe
his operated well double water passes mechanism and characteristics.
Also 1t was possible to manufacture casily by using conventional
equipment. A cooling water passes down inner tubes to thimble form
tubes, then flow back up as i boils. The heat exchanger of bavonet tube
tvpe was composed of steel wbe with 7 channels(id: 14 mm, 1do 31.6
mm! and spiral scrrated [ins. The performance lests were conducted
mnder the next conditions @ A cooling water finw rate was 273 kg/h, 400

ke/M and 550 kg/h, engine rpms were varied from 750 rpm o 3500 rpm.



From the experimental resull, waste heal recovery  was 921 when
engine rpm was 3000, and pressure drop was 1o~ 260 mmHg/m~. The
offectiveness of heal exchanger was about 0.74 ~ 0.89. The performance

of heal exchanger was evaluated by using the & NTU method. In the

study, the NTU of the heat exchanger was 2.33.



Nomenclature

Nu
Pr
Q
Re

W

Area

Heat capacity rate
Specific heat
Mass flow rale
Nusselt Number
Prandtl Number
Heat transfer rate
Revnolds Number
Temperature
Velocity

Exhaust gas flow rate

Cooling water flow rate

(rreek svmbaols

Effectiveness

VIscosIty

Subscripts

Cooling water section
Exhaust gas section
Inlet

Qutiet

Maximum

Minimum

[W/m"]

(K]
tm/s]
[m/h]

[kgh)
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Fig. 2.1 Schematic diagram of Total Energy System.
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Photo. 3.1 Photograph of the waste heat

recovery heat exchanger
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Photo. 3.2 Photograph of the inside of the waste

heat recovery heat exchanger
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Fig. 3.2 Schematic diagram of the experimental apparatus.
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Photo. 3.3 Photograph of the experimental apparatus
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Fig. 4.2 Variation of exhaust gas flow

rate according to engine rpm

- 23 -

A
s



Temperature (°c)

Temperature (°C)

120

100

&0

60

40

20

120

100

80

60

40 -

20

P Y

weeen exahust inlet
Exhaust autlet

Cooling water inlet
«+se+ Coolin water outlet

G 10 20 30 40 a0 80 70
Time (min)
{a) Engine rmom = 700, W = 273 kg/h
|
P
r ] 1
| e— Exhaust gas inlet {
b e Exhaust gas outlet {
E +eeeesr  Cooling water inlet |
| = weem Cpoling water outlet |
! 1
p——_
b et Aok fadu b ol 2 kA ik F e dia ds fr e P i 2
T T T .
[ 10 20 30 44 5C

(b Engine rpm

Time (min)

= 730, W = 400 kg/h

_24_



Temperature (°C)

Temperature (°C)

120

-
<
o

80 -

60

40

20

— Exhaustinlet
- Exhaust outlet
Cooling water inlet

ssee+ Coolin water outlet

120

100

a0

60

40

20

TR L Vi TR AL
e ospi—
v i T T T T
0 10 20 30 40 50 &0 70
Time (min)
(c} Engine = 1000, W = 273 keg/h
v, E xhaust gas inlet
Exhaust gas cut let
| escsssasss  Cooling water inlet
| —— — Cooling water autlet
- !
— A - T e S ST IR TLILTNN
0 10 20 30 40 50

Time (min)

(d) Engine = 1000, W - 400 ka/h

_25_



Temperature (°C)

Temperature (°C)

840

60

40

20

120

100

80

60

40

20

ammenesaneee  Exhapst gas inlet

Exhaust gas outlet

[ ssssesrsee  Coocling water inlet

| —— — Cooling water outlet 1

o o W 0 Ao, WL I VI DTN 3%

T T r T T :
0 10 20 30 40 5C 60
Time (min)
{e) Enginc = 1000, W = 350 kg/h
! o— Exhaust inlet
Exhaust outlet
Cooling water outlet
+ess+ cooling water inlet
MMWW *AMWAWﬂW"'
- e
P el o . s _ . S i
0 10 20 30 40 50 60 70

Time (min)

() Engine rpm = 2000,

_26_

W

= 273 keg/h



Temperature (°C)

Temperature (°C)

160 )
rao e Y P Va———— ‘
120 5
| ——— Exhaust gas iniet |
100 - Exhaust gas outlet ‘
i sessswsses  Cooling water iniet
a0 | | —— Cooling water outlet |
60 1 il
. /~/“M
——-v-—*"_—?:...?.::‘.-"ﬂ‘?
O t T T T T J‘
0 10 20 30 40 50 60
Time
(g) Engine = 2000. W = 400 kg/h
160 !
i Sty st o
140
120 A
w—  Exhaust gas inlet :
100 - : Exhaust gas outlet |
[ eesessssar  Cooling water outiet |
40 | ——— — Cocoling water outlet ‘
80
40 4 e apn
_‘-”ﬁ e
Rees ') asnee®
20 T T T T T T
0 10 20 30 40 50 60

Time (min)

(h) Engine = 2000, W = 550 ke/h

.._27_



300

J— g N S St :
250 A i
—
O
Q_r 200 - e Exhaust iniet
9_,) Exhaust outlet
= ; \ Cooling water inlet
"'ta' 150 ~ i «e=ss+ Cooling water outlet :
P [
Q
j=1 e P A AT
£ 100 4 o
o :
- /_,.-—-—
50 - -~ i
0 ‘ T T T T
0 10 20 30 40 50 60
Time {min}
(1} Engine rom = 3300, W = 273 kg/h
300
e AP e
250
—
3 ; 3
Q_. 200 | e——  Exhaust gas inlet I
E i Exhaust gas outlet ‘
= }'--“--'-' Cooling water inlet |
""3 150 | ——— Cooling water outlet i
— j
[}]
=X
E 100
@
" —-——--——b——-‘-—-——
50 - ’-.‘ ....-....--..u.a-..-.
0 T T T T T
0 10 20 30 40 50 60

Time (min)

{1y Engine =

- 28 -

3000, W = 400 ke/h



300

250 A
i
%) 1 wm  Exhaust gas inlet !
o Exhaust gas outlet
e 200 A | sveesseess Cooling water inlet |
£ ———— C°°""9Wateroutiet%
=
™ 150 -
-
QO
o
E 100 A
8 —”-_
*_‘-——-_-——-
“#_- .Oonp'l.lgﬂi' ssmsssessrees MERERERE RN -’
50' -o---o-.-i~~--i
0 T : : . | |

0 10 20 30 40 50 60

Time (min)

(k) Engine = 3500, W = 530 kg/h

Fig. 4.3 Inlet and outlet temperature profiie according to

the vanation of exhaust gas and cooling water

- 20 -~



Waste heat recovery rate (kW)

12

10

M W
/
F
HE '
f’ 7S0mpm
S s 4000 rpm i
j \ S 3500 rpm

|

| mw‘w.w\,‘:’ﬁ‘v*"‘“"“*h‘#af‘htw*aﬁ”-'W'W‘ ey T
i : 4

SN S

0 10 20 30 40 50 60 v

Time (min)

Fig. 4.4 Variation of heat transfer

rate according to engine rpm.

_30_



40

o (on] (3]
L i !

[
o
™~

Heat flux (kW/m)
.

b
o
1

o
o
.

Fig. 45 Variation of heat flux according to cngine rpm.

_31_



U (W/mZ2K)

40
35 :

a .

-
-
o
-
-
//
//
30- S o
s
o’
251
Z} T T T T T 1
00 1000 1500 2000 2600 3000 3500 4000

Fig. 4.6 Varation of heat transfer coefficient

according to engine rmpm.

- 32 -



1.0

09 -

07

06

05

08 -

500

T T

1000 1500 2000 2500 3000

Engine rom

Fig. 47 Vanation of effectiveness

according to engine rpm.

- 33 -

330 4000



1.0
0.8 | J'/'g‘ﬁﬁ-e"lm’)
06 -
04

0.2 1

0.0 - ; . ,

Fig. 4.8 Effectiveness to NTU,

_.34_



g

g

AP (mmHg/m®)
]
AN

O 1 T T T T l
300 1000 18500 2000 2500 3000 3500 4000

Engine mm

Fig. 4.9 Variation of pressure drop

according to engine rpm.

- 35 -



W Pol A= Ay 1EE9 54U %H bavonet tube®E o &%
o=}

TESE dlF sl dng g Agste] 23d 54 % 2287 si4s T

(1) ®elyle &&x i 9™ bayonet tuheE o &3 UA FuUFE FASA

(20 ohxle] rpm® 7503500712 WistAzlE el dj7)vbse] 2lme) wivld

o mAE A L= gy-280°CHA pEN I w7l E 406~212 mh

g/h2 A8t 8A olzle rpmE 750 ~35007HA =%

O

k

Len = 99~080°CE2 WElA 7L, w7 406~212

mihE WaAAS weo) Ho FEFae 3500 rpmel A 9.21 kwel gt
Wkl g5Coll A 96°CTh Al E=rbAlE = elelr)

A7 SRS 273 400, 550 ke/hE WSAAE Afel A LasFe

MEhE ool Al g

- 36 -



~1

pf v 7b s REads e A vlelx = wrirb s dEe) 7h% o] 4F

0.76~057F vwgka, NTUE 157~23322 velup wi7jzbie] ofol wro}

25 wawde) Zoeelorae & & v

P E2AANEASE 34 Wm - K2 uhERgh T

_37_



ws

LN

1

-~

o
]
Hd
e

_ Heat Exchanger Design Handbook, Bell House Inc. (1998)

Kern D. Q. Process Heat Transfer, McGraw Hill International Edition
(1965)

Heat Exchanger, Hemisphere Publishing Corperation (1981

Awsty] 7)laraA, S rbAA ST 71" E (2000

DRSS R A we AFAIREIAM, JEAYVIAFIE (1998)

dughy] dAR=

Mz
e,
e
of!
e

A=A 3 AL (1986)

C (. F. Hewitl, G. L. Shires, T.R. Bott, Process Heat Transfer. U.S.A. pp.

491 498 (1994)

10 Hinchley, P.. Waste heat boilers: problems and solutions, Chem. Eng.

1

Prog. (1977)
1. Hinchley, ., Waste heal boiler systems, in Heat Exchanger Design
Handbook. Hemishere Publishing, New York, chap. 3.16. (1934)
Shields. C. D, Drvout in horizontal hairpin waste heal boiler tubes,

AICHE Svymp. Ser., 69(131350. (1973)

_38_



IS T,

16.

17

I8

< S Hsieh, C. T. Liauh, and W. S. Han, Thermal performances of
heal exchangers applicable to waste heal recovery  syslems, Applied

Encrgyv, vol. 29, pp. 191 200. (1993

C YUNUS A. CENGEL, "Heat transfer”, McGraw -Hill, pp. 570-620.

5 Cho. S. M. Park, Y. J, Kim. C. S. and Seo. W. B., Development of

waste heal recoverv technology in Iron and Steel making process,
Proceeding of 14th Workshop for the technique of energy saving. pp.
361-363. (1999

(. F. Hewilt, G. L. Shires and Y. V. Polezhaev, International
Encyclopedia of HEAT & MASS TRANSFER, CRC Press, New York,
pp. HH1 555, (1997)

Frank P. Incropera, David P. Dewitt. Intoduction to Heat Transter.
Jonn Wiley & Sens, Inc. (1996)

Webb, R. 1L.. Principles of Enhanced Heat Transfer, Wiley, New vork.

(1994)

_39_



M
of

R

=g 7

A
o

AR
T

-

o H

o] Y 7|7

h==t
[

13

T

A

I.

el

AR FAAAM 213

i

| A

Al

el &

A7t 2717

77k =] 9]

e

o

uoAes

_40_



	표지
	목차
	초록
	1. 서론
	1.1 연구의 배경
	1.2 종래의 연구

	2. Total Energy System과 Bayonet tube의 개요 및 특징  
	2.1 Total Energy System의 원리
	2.2 Bayonet tube의 작동원리

	3. 실험 장치 및 방법
	3.1 톱니 나선 휜형 bayonet tube의 제작
	3.2 실험 장치의 구성
	3.3 실험방법

	4. 실험 결과 및 고찰
	4.1 Bayonet tube를 이용한 배열 회수용 열교환기의 열전달 특성

	5. 결론
	참고문헌

