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Abstract

Our country which has little natural resources has been faced with
serious problem of gradually increasing energy cost with additional
environmental pollution, and of balancing the supply of gas/electric power
during winter/summer season, due to the cost rise and increasing
consumption of fossil fuel. And according to increase of population and
development of industries in addition to the decrease of water supply due
to the pollution, the solution of water demand also became serious problem.

Therfore, Korea and Japan which don't have a lot of natural resources
are studing the method raising engine thermal efficiency and total
efficiency using waste heat of plants at the same time. Waste heat, is
mentioned above, can be defined as heat which is generated in a process
but then dumped to the environment even though it could still be reused
for some useful and economic purpose. There are several methods using
waste heat and representative methods are as follow;

The cogeneration system can be defined as system which produces
secondary energy of heat and electric power by being based on one
energy(that is heat). It can be generated the electric power by driving, and
generate heat by way of recovering the waste heat of exhaust gas and
engine cooling water for diesel engines or gas turbines. In case of best
condition for heat and electric power load , overall thermal efficiency can
be raised to 75 85 percents.

In the ship, economizer is equipped to the stack, the heat of exhaust gas

passing to the environment is recovered and the steam generated in the



process of recovering is used as fuel oil heating and general use for on
board, or for driving turbo generator.

Especially, the islands separated from land are suffered from water
supply because the underground water resources is lack. These facts seem
to increase gradually. T hese islands have a self- generator, diesel engine is
used a the prime mover. In the energy use aspect, fresh water generator
plants that can supply water by using self- generator is useful.

In this paper, the exhaust gas temperature of diesel engine and quantity
of waste heat recovery were investigated and the predictions of
performance of waste heat recovery systems were studied. Comparisons
were commanced between predicted results and measured results of data
from a couple of 2-stroke cycle main diesel engines and another couple of
4- stroke cycle dynamo engines which are equipped on board the two
training ships (M/V Hanbada & Hannara).

Three methods were adapted to predict exhaust gas temperature at T/C
outlet ie. utilizing heat quantity ratio of exhaust gas, sabathe cycle analysis
and SNAME's equation. As a result the authors found that the calculated
values from the first method and second method were approximated fairly
well between one another, but not between that from the third method.
And further the authors assured that the waste heat quantity of exhaust
gas was mostly affected by the temperature and the mass flow rate of

exhaust gas.
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Table 2.1 An example of temperature of exhaust gas

Type of engine Exhaust gas temperature
Low speed 2-cycle
P Y 300
(Exhaust port type)
Low speed 2-cycle
P y 340
(Exhaust valve type)
Medium speed 4-cycle 400
Gas turbine 400 500




Congumedan ol dudlkry
ol gngineg (1504)

Biriaihs Dl i9Lcwsty
hom kst coabng wate

<

~
AT
AT
’
NN
’/:Ii-
Z e
] -“"‘fr
L%
&l |
T

Hat ponsumpticn of
Tl A 1100

Porysiis therrgl
slliiency with
Inil, vsredy

Tres il &fCRnsy
withoul hest incoee

Eoamitia nal hast
rEpoery Irom pub gy

P

= L HTH=RETRL -
hpl cil myeiem

"("\._.-“

¢ ipjintion npom
’
4
-
¥
9
p
v
¥ Teukad et il
H - st g
/ -
Fvss e
—

Loty bl porgumiE,
Unalusng iedTatiE)

r
5
i TS

Fig. 2.1 Typical heat balance for a diesel engine

(sulzer RND engine)



2.1

Fig.

22

Qv
Qp

QOUI

p-v



{J‘J
P |
A 0
Gl
[
! | =
Pe ............F.".: B
=0 & : ™ F
N M
Fig. 2.2 Sabathe cycle (p-v diagram)
(1) (pe » Ts)

Ps




280+ tg
4 Tg= 0, 1
1- 0.628 — —
7<)
(2.1
2 TB=Tsr] s” Tr(l' r]s)
N P Ts: (K)
€ ts - ()
T,: (K) ns:
(2) (Pc» Tc)
, Pc Tc
Pc= Pt "
(2.2)

Te= Tge ©°F

(3)



Gt kg

va kg,

Gfp kg ' Qv ' Qp

QT GGt G G, ( Gy
1+ A L0(1+ )

Pz

va
) kcal/kg

(kg) , G, :
(kcal/kg) Lo
GJGi= AL,
T,
T,= Tet Q

(Ga+ va) * Cy

Pc

pcVc= (Ga+ G)RT ¢

pZVC= (Ga+ Gr+ va)RgTz

(2.3)

(kg)

(kg/kg)



a Pz Pc ,

Pz (Gt G+ Gy) Ry T,

1 Gn\1 Ry T;
a = - [1+ g
Pc (Gat+ Gi) R Tec L ninZ: | Gs R Tc
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Table 3.1 Specifications of M/E for Training Ships

Item M/V Hanbada M/V Hannara
Uniflow - scavenging |Uniflow - scavenging
Type 2 cycle 2cycle
Trunk piston type |Cross head type
M odel 6UET 45/75C 6L35MC
No. of cylinder 6 6
Cyl. bore x stroke, mm 450 x 750 350 x 1050
B.H.P.(M.CR) 3,800 4,000
RPM (M.CR) 230 200
Mean piston speed, m/s 5.75 7.0
Max. press., kg/cm2 85 133
Mean effect. press., kg/cm2 10.39 14.9
Specific fuel consumption, g/hp.hr 158.5 133.3
Year of production 1975 1992
Firing order 1-5-3-4-2-6 1-5-3-4-2-6
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Table 3.2 Specifications of G/E for Training Ships

Item M/V Hanbada M/V Hannara
4 cycle 4 cycle
Exhaust gas turb- | Exhaust gas turb-
Type
ocharged ocharged
DI system DI system
M odel 6ML-HTS 5T 23LH- 4E
No. of cylinder 6 5
Cyl. bore x stroke, mm 200 x 240 225 x 300
B.H.P.(M.C.R) 420 725
RPM (M.C.R) 720 720
Mean piston speed, m/s 5.76 7.2
Max. press., kg/cm2 82 117
Mean effect. press., kg/cm2 15.2
Specific fuel consumption, g/hp.hr 1724 147
Year of production 1975 1992
Firing order 1-5-3-6-2-4 1-4-3-2-5




M/E of M Hanbada

Engine rpm B S MRS b b e et
- - 180
Lo — 4000
= =1 3000
Power 1 S
I~ - 1000
- — 150
I~ - 125
P-max [ = 1oo
. = 7O
P-comp [ = 50
= - 25
—- — 2
P-sca L o 4
a
-y — aoo
(TIC inlet) o
Exh. gas temp) - =oo
[TVG autlat)
400
= - 180
Specific fuel
consumption [~ | - 173
—~ ' Joras siases - 160
I
25 50 75 100

Engine load (%)

Fig. 3.1 Performance curves for M/E of M/V Hanbada

g ps rpm

kgicm™

kgfcm:

alps.hr



MIE of MV Hannara

Enginerpml .l

Power

P-max -

P-comp

P-sca L

(T/C inlet) | |

Exh. gas temp.
(TIC outlet)

consumption : 4 foer

1
2
g'pshr

Engine load (%)

Fig. 3.2 Performace curves for M/E of M/V Hannara

- 30 -




SE of MM Hanbada

400
— — 300
Power " - 200 8
= -4 100
— - — 126
T4
= — 100
P-rnax S_
e 7 2
P-comp |- - 50
- 25
— — 0.8
n - o "5
P-zca
- — 0.4 g
- — 0z
— ~ 700
Exh.gas temp
1C indet =
(T ) N Y -
B — 500
- Jrevien -1 220
: E
Specific fuel = | - 200
consumpgtion %
- NeE EU———— T
T T L] | T
25 40 =] 100

Engine load {%)

Fig. 3.3 Performance curves for G/E of M/V Hanbada

- 31 -



FPower

P-max

P-comp

P-sca

Exh. gas temp
(TI'C outlet)

Specific fusal

consumption

G/E of M/V Hannara

! T
73

Engine load (%)

1.5
1.0
0.5

0.0
640

Fig. 3.4 Performance curves for G/E of M/V Hannara

- 32 -

kglem”

kglem

glps.hr



3.2

22
SNAME

3.21

Fig. 35 Fig. 3.6

SNAME

Fig. 3.5, 3.6, 3.7

M/E,

- 33 -

3.8

Pe

Pe

Pe

M/E



, M/E 50%MCR

Fig. 37 Fig. 3.8 G/E G/E
M/E ,

- 34 -



B8O = MUE of M Hanbada

W— feazyed terperakore (T inket)

= ana 4 O — Satathe oyzle o
— -
: o
- o
E -
B 600 — - e
E O
k] i
@ Ls}
% 500 = )
I
=3
m |
ﬁ 4 =
T L T
5 0 =} 100

Engina load {%)

Fig. 3.5 Exhaust gas temperature (T/C inlet side) of
M/E of M/V Hanbada by engine load

B0 — BE al MA Hanmara
,.,E_, W— Measured lemperehure T mist)
& 70D - (03— Sabaine cyoe
5
H ;
-
= 2]
E 6o - 0
1} O
- B o—
o u
]
=]
)
8 500
m
=
=1
Ll
£00 +
T T T T T
5 =] 75 100

Engine load (%)

Fig. 3.6 Exhaust gas temperature (T/C inlet side) of

M/E of M/V Hannara by engine load



Exhaust gas temperatura (K)

Fig. 3.7

Exhaust gas termperatura (K)

Fig. 3.8

800 o GIE of MM Hanbada

A
i B Measured temperabure {TAC inket] = O
z —C— Sabathe cyds ]
| B
D0 = i ol
[=]
400 = ]
A -
T T T T T T T v
25 50 75 100

Engina load {%)

Exhaust gas temperature (T/C inlet side) of

G/E of M/V Hanbada by engine load

00— GUE of M Hannara
B Mesgsured lemparature | TAC inkel)
—L3— Sekbath
200 - = = mypcie E
& =}
(=]
L]
&0 o
S0
Acdy |
T -
0 = T3 00
Engine load (%)

Exhaust gas temperature (T/C inlet side) of

G/E of M/V Hannara by engine load



3.2.2

®, SNAME
P MCR
_ cDe' Qf
Ter Ta™ %, 6.,
SNAME ,
, SNAME
MCR 50%MCR
(turbochrger)

- 37 -

85%0M CR



Fig. 3.9

3.12
Fig. 3.9 Fig. 3.10 M/E M/E
, 75%
, 50%
[0)
Fig. 311 Fig. 3.12 GIE G/E
G/E ,
[0)
G/E [0)

- 38 -



B0 - MUE of WA Hanbada

G B Measured Iemperature {TIC oeliet)

— ©O— Sabathe cyde

g - e

.E ® SNAME eq.

E g . " - -A

2 2 n—-

m " o il X

oy o -

§ 500 - X

ﬁ | |

&0 -

| - = v T T T
24 50 ™ 100

Engine load (%]

Fig. 3.9 Exhaust gas temperature (T/C outlet side) of
M/E of M/V Hanbada by engine load

BN = MIE of MV Hannara
-~
5 o0 B— Messued bempersiunes (TIC ouls)
@ d O— Sabathe cycie
= &—Pieg
o ¥ SHAME &g
g

&0
E
£ 8 %
f .
=] —s
o w0 & & A& 3
3 L] O B ]
m
=
e
L

& —

T v T v T v T
25 5 ! 100

Engina load (%)

Fig. 3.10 Exhaust gas temperature (T/C outlet side) of

M/E of M/V Hannara by engine load



B G/E af M Hanbada

.
,_‘3:,_, £ Sabuihe cych | TED cullel)
g Fo A T
_E ¥ SHAME 2g
&
1}
k-
=%
O
E 800 o
T .
] 4
B g
L 500+ X
ﬁn
40
T T T 1 T 1 T T T
free] =] Fa 100

Engine load (%]

Fig. 3.11 Exhaust gas temperature (T/C outlet side) of
G/E of M/V Hanbada by engine load

GE of MW Hannara

BDO =
1 B Mesiuad lEmpecsiore | TIC cullel)
0 Saksalle sy

Yl 11 | A Py
'; ¥ SHAME #g
= 4
=1
: % o
E_ 6 = & : o 5]
] i . e — i
[} -
& 500 - A =
p
5 A =

T T T T

25 =0 k-1 100

Engire load (%)

Fig. 3.12 Exhaust gas temperature (T/C outlet side) of

G/E of M/V Hannara by engine load

- 40 -



3.3

2.3 Ge (kg/hr)

G, (kg/hr)

G (kg/hr)

Gex= Ga+ Gf (kg/hl’)

G, (kg/hr) 4

(volumetric efficiency) n , 2

(scavenging efficiency) n o .

, Go (kg/hr) Fig. 3.13

- 41 -



3.16

G/E

G/E

, M/E

- 42 -

M/E



25000 M/E of MY Hanbada

pe ]
o
(=]
=
- [ ]
il ]
g
@ wsnon
m
E L]
[}
i
m
ﬁ 1000 _
B -
3
L

20001 | T T T T " T

= ] T8 100

Engine load (%)

Fig. 3.13 Exhaust gas mass flow rate of M/E of M/V Hanbada

by engine load

= M'E of M/ Hannara

I._E? 25000 ™

=]

=

o -

¥ 200

g "

=

0 s S

m

E ]

i

T o000

b

g

= L]

L. S0001
1 T 1 T T T l
2 5 14 100

Engine load (%)

Fig. 3.14 Exhaust gas mass flow rate of M/E of M/V Hannara

by engine load



220

gy GJE of M Hanbada
£
]
g 2000 e
ﬁ ] o
1
E
a 1600 Sl
g .
2
M 00 -
T T ¥ T Y T ¥ T T
b = hE] 100
Engine load (%)

Fig. 3.15 Exhaust gas mass flow rate of G/E of M/V Hanbada

by engine load

4500 G/E of MA Hannara
=
& z
2 ap00 - 4
o
B
% A800
=
E ]
3000
E
u
m
[=1]
2500
g L]
m
+
W znpg .
| t v T T T ' 1 i
] = b 10
Engine load (%)

Fig. 3.16 Exhaust gas mass flow rate of G/E of M/V Hannara

by engine load



4.

(1)
(2)

(3)
(4)

(5)

1

41.1

- 45 -



(1)
(2)
(3)
(4)
(5)
(6)
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4.1.2

Q=G:-c,*AT=A-U-AT

(m3
(kcal/m2hr.K)

AT,

[T .- to]- |T,- tyf
IN[(T - t)/ (T, ty)]

AT =

- 46 -
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ty, ty: B
F. AT
AT=F AT (4.3)
(4.3) AT U (4.1)
A
h;
h= jHD-ik (L%J—)a (—u“—w)b (4
ho
ho= Fijn- (c-G) (LﬁJ—)a (]}J—W)b(%j—)-lzg (4.5)
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Table 4.1

Table 4.1 Fouling factors of heat exchanger
T emperature of
) ) Below 115 Above 115
heating fluid
T emperature of water Below 50 Above 50
) Below Above Below Above
Velocity of water
09 m/s 09 m/s 09 m/s 09 m/s
Evaporated water 0.001 0.001 0.001 0.001
Sea water 0.001 0.001 0.002 0.002
Treated water 0.002 0.002 0.004 0.004
(thermal conductivity) ,
’ kW

Table 4.2

Table 4.2 Thermal conductivity of heat exchanger pipe

_ Thermal conductivity
M aterial
(kcal/m.hr. )
Copper 320 (at 20 )
Steel 58 (at 100 )

- 48 -
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Fig. 4.1

Fig. 4.2

Fig. 4.3
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D, + h, D, (4.6)
(4.6) U,
Fig. 4.1, 4.2, 4.3
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4.1.3

L] ( 1 )
2
) Q kecal/hr
Q= G CptAT 4.7)
, G (kg/hr), c, (kcal/kg.K),
AT , AT=T;- T,
To
(450 K)
Qre= Gex ) Cp ) (T i” 450) (48)
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Fig. 4.8

Qe= G:cCp AT 1+ G- hy
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Table 4.3 Evaporation heat of saturated water
and seaw ater

Item h¢y (kcal/kg)
Saturated water 539 (at 100 )
Seaw ater 574 (at 40 )

T

A tusa

Tarripmas

Woeking Huic

B Entiadny lranalors

Fig. 4.8 Temperature difference between the waste heat stream and

the working fluid with high enthalpy of evaporation
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Fig. 4.9 Steam generation amount of M/E of M/V Hanbada

by engine load
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Fig. 4.10 Steam generation amount of M/E of M/V Hannara

by engine load
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Fig. 4.11 Steam generation amount of G/E of M/V Hanbada
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Fig. 4.12 Steam generation amount of G/E of M/V Hannara

by engine load
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Fig. 4.13 Temperature difference between the waste heat stream and

the working fluid with high enthapy of evaporation
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Fig. 4.14 Fresh water generation amount of M/E of M/V Hanbada

by engine load
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by engine load

e GIE of M Hanmara

Amount of fresh waber gean. (Kkg'hr)

100 -y . . t . i : T .
e 0 Ti i)

Emngine load (%)

Fig. 4.17 Fresh water generation amount of G/E of M/V Hannara

by engine load
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Fig. 419 Hot water generation amount of M/E of M/V Hanbada

by engine load
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