Engines

Exercise Ill: Energy and exergy balance of a Diesel engine

Solutions:

Preliminary computations:

Expression of the Air / Fuel ratio of the mixture Rar :

NA /1 N02st /1

~

. ¢l Ca S5 Co
= . = . _+0-5'~_+~__~_ 205977kmolA/ng

M, 021 M, 021 \(m, My, mg Mgy,
M N, -
R, ,= M: = Mi -m, =17.24 kgd/ kgF
1) Energy balance of the system (F): E =Y, -0,-0.-0,-0.
Heat rate losses of the exhaust gases: Q‘ = M }; + ZMU : Ahg
with (Gz—TO) 630 kJ / kg
(4 1.2:7,, =550°C)=1200 J / kgK
Conservation of mass (mass balance) MG M M =0.10707 kg /s
M,=R, -M,=0.1012kg/s
Only the carbon monoxide is unburned, so: ZMH -Ahg = MCO -Ahgo

Q; =0.10707- 630+ 0.000258-10100 = 70.1 kW

Heat rate losses of the cooling water network: Q;e = Me Cphe -(fez - fel)
0. =508 kW

Heat rate losses of the lubricating oil network: Q;h = Mh “Cph -(f,ﬂ - fhl)
0., =69 kW

Fuel transformation power: Yo =M, Ak + Y

comb

where Yi* is the relative fuel transformation power given by:

~

Y'i=M

i cond qvap
As atmospheric state is equal to standard state, the second term of the right member is equal to:
(W, By 4 Ml =My -l )=0

~

Then, considering the hypothesis, we have finally: Yf =M =0

cond QVap

1

+(MF-5F+MA-}2A—MG-hAG)
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So finally, transformation power is equal to: K,:mb = MF -Ahio
Y‘c_;mb = 250 kW
Heat rate deperdition by convection / radiation: Q;c = Y;mb — Qg — Q;e — Q;h -E
Q. =223kW
Finally, the energy balance computation is equal to:
Terms: Output Input

Mechanical power E; =100 kW Y, =250 kW

Heat rate losses of the N

exhaust gases Qs =70.1kW

Heat rate losses of the o

cooling water Q. =508 kW

Heat rate losses of the N

lubricating oil Q. =69 kW

Heat rate deperdition S

due to conv. / rad. Q. =223 kW

Total Total =250 kW Total =250 kW
Energy balance of the system (Boundary F): E =Y  —-0,-0.-0.,-0.
E; ) +0.+0, +0.
Effectiveness of the system (Boundary F): e=—"2—-=1- o Q.”e Q”’(’) Ouc
Y M, A
Finally, the global effectiveness of the system F is equal to:
e=40%
Optional:
Exergy balance of the system (Boundary F): E; = E;mmb -L
; S+ )y 0
with E] oy =M - Ak
Exergy efficiency of the system (Boundary F): = Eg =1 L
TV A T M, A

Which gives a exergy efficiency of: n=379%

e
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Energy balance of the engine (Boundary Fw) : Ee‘ + Ya; + Ya; = YczmbM -0..

Transformation power of the cooling water network: Y. = Q;e

ae

Yo =M,-c,, ([, ~T,)=508 kW

Transformation power of the lubricating water network: Yaz = Q;h
Y,=M,-c,, '(Thz _Thl): 6.9 kW
=M, AR’ =DM, -Ahy +7Y,,

- . Y +
Fuel transformation power: Y. ou

where YA; is the relative fuel transformation power of the subsystem F given by (see question 2):
b . 0 . A . A . A
Y]\;:Mcond'qvap—l—(MF.hF—l—MA.hA_MG.hG)

As atmospheric state is equal to standard state and condensation water flow rate is neglected.

Therefore: );A; =M, h
and finally: YczmbM = MF -Ah,-o —MCO 'Ahgo _MG 'ﬁG

Y.c_;mbM = 180 kW

Heat rate deperdition by convection / radiation: 0. = Y Y - Ya; - E;

ac combM ae

O =223kW

But, keep in mind that a term of the Fuel transformation power is a potential of energy service provided by

the system. Therefore, we also have:

Transformation power of the exhaust gases: YG‘ = MG ﬁG =675kW
Effectiveness of the engine (Boundary Fw) :

_ E +Y;+Y_ +Y,  100+67.5+50.8+6.9
M, AR’ — M, - AR, 250-2.6

Em

Finally, the global effectiveness of the system Fw is equal to: gy =91.0%



Optional:

Exergy balance of the engine (Boundary Fw) : Ee‘ + E;ae + E;ah = E;wmbM — LM
Considering the following relations: E;wmbM = MF Ak® — MCO Ak, —MG -Al€62

E;’ae :Me.(kd _kel)

E;ah =M, '(khz _khl)
Exergy transformation of the exhaust gases:

Calculation of exergy value of the exhaust gases:

N . T
kgy =hy—T5; =h, T, -c, 'IH(T_GJ = 266.7 kJ / kg

a

Finally, M kg, =28.6 kW

Fuel exergy transformation:

o+
Ey,combM

=M, A =M, NSy — M, - Ny, =233 kW

Exergy transformation of the water cooling network: E-

yae

Calculation of exergy value of the water cooling network:

. N T
ky=hy-T3, =c, (T, -7°)-T, -c, -h{TAJ =224k kg

a

- . T
Fo=hy-Tg,=c, (T, -7°)-T, c, -1{%] —26.04 kT | kg

Finally, E., =88kW

Exergy transformation of the lubricating oil network: Ey'ah

Calculation of exergy value of the lubricating oil network:

- . T
Ry =hy —T.5, =c, (F, ~T°)-T, ¢, -1{%} —11.16 kJ / kg

a

c o . A T,
ki, =hy, =T,5,, =¢, '(Thz _TO)_Ta "Ch -ln[%j=l4.58k]/kg

a

Finally, E., =130kW
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Exergy loss (according exergy balance): LM B E —E —E-

y,combM ~— e yae yah

L, =233-100-8.8-1.3=122.9 kW

- . E;+MG'1202+E_ae+E_ah
Exergy efficiency of the engine (Boundary Fv): 77, = —— 0 _ - 0 ;
M -Ak™ =M ¢, - Akco

_100+28.6+8.8+1.3
M 264.1-2.54

Numerical application:

Which gives an exergy efficiency: ny =53.0%

If the unburned hydrocarbons are considered as part of the energy losses, the engine effectiveness is:
CEj+Y +Y Y,

e =90.0%
F B

Ey

Optional:
And the exergy efficiency is equal to:

_ E, +M; kg, +E, +E,,

. . = 52.5%
T M, Ak ’




