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Performance Characteristics of a 10 kW Gas Engine for Generation Package
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ABSTRACT: Cogeneration is the simultaneous generation of heat and electricity in a single
unit, and is a highly energy-efficient technology compared to the independent generation of
both products. Therefore, cogeneration has been widely introduced in many countries for use
in industrial, commercial and residential applications. However, there have been few models
with an output of less than 100 kilowatt. In the present study, a spark ignited gas engine
with electric generation output of 10 kilowatts was developed for micro cogeneration package.
The gas engine shows 26.7% of electric generation efficiency, NOx emission less than 10 ppm
at 13% oxygen, 82dB of Noise level, and about 3 seconds of switching time from idling to

nominal power.
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Fig. 1 Schematic diagram of engine test system.
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Table 1 Specifications of test equipment

Specifications
- ED30
Engine - Eddy current type
dynamometer | - Max., speed : 8,000 rpm

- Max. toque : 85 kg-m/3,000 rpm

+ Mexa 9100D

Exhaust gas |+ THC/O2 analyzer : FMA-125
analyzer |.NO/NOx analyzer : CLA-150M

- CO(H/L) analyzer : AIA-120

- AFRecorder 2400

- Air-fuel ratio : 9 to 30 AFR
Differential |+ FCO332-3W

pressure meter| - Scale . 100 mbar / 100 mmHO

- Mass flow meter 5860E

- 0~18 m*/hr under 0.3 kg/cm’

A/F meter

Gas meter

th AEA2de ZA Yo, A7 FEA 2
F7)7), A AREYIE FAEY, &4 717F
AF3- tlo)g ofAAA Al Al

oef mz 1Ao7 AEYR foﬂ ““54315}
ZA¥FE, Az ilx‘_“—?-E, , 77k
=, FUEY, LE(&TH, JXJ %Z}T, “d
37 B), GEHEH B, &ES, A ¥
F9E 7F), ¥AF 7%, A, AA7tE &
g sowx Zg ANFAe YL Table 19
Aot 2o xe ?ﬂ%‘l%“ w717k EA ), F

A
wEE 22z & Ono

...................................................................................

! intake —— Gas/Air [ 1 3way [, Exhaust :
v = Miver ] Gas Engine Catalyst Gas |
Fuel Gas
Oxygen Sensor
H L] AF | i
: Fuel Metering Valve Controlier

(b) Closed loop A/F control

Fig. 2 Comparison of A/F control method.

699

Ao 45

i
ox

Sokki, €% Horiba, "= ECM, "3 Furness
Controls @ 7] BrooksAtel AEFE AMEstth

3. A= Melstadmel 54

w

1 il s 2 Aol A 2] Open Loop ¢ = A o0f

AAEuE ALEEE o]E2TAH|

Closed Loop Ao 2l <lzl9 :6'—710:1;11]
o] & o7 §AggozZH NOx, CO,
HC9 34 2% A3, Fig 29149 2] ¥4
H) =W ol E 97 w7 AA, AzpAo] A
guleggs, FdulAey] Fol FrHER °“
X8 stAol aA Fsdo. WA B dAFoA
= AdEns AEEE 24y FJ=dxdE 4
A etA ¥E Open Loop W49l gg4dE $4
AEATT

Ao HEE&S HHEY, Fig 3%
o] AR HAA FH 7 o] BFAMET Yt
ALoE CO9 Aiagdes & ML gl
U NOxo AH3lagol 23 Asan, ¥z
AA FAn7} olEFIuing FIFH AHLde
NOxo| d3 A3E&e & Wit e Co9
Hea g0l ZA Astste EAE A ¢l
ThadR LA 2o FAYZA u
7} %t‘iﬁ% & NOx°|EZ, Open Loop ¥4 o=2
sle AS, A3 BE

torlr

{
i

[

Faw po
22 4
A

E
B
v

P

52 [

®. 100

& 90

S 80

L 70

£ 60

[}]

c 50 co
.g 40 :

o < R > < : —>
E ric (—-) ean
O stoichiometric

) (AJF control}

AJ/F mixture

Fig. 3 Conversion efficiency of 3 way catalyst.
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Fig. 4 NOx and O emissions from gas engine.
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Fig. 6 NOx emission from gas engine.
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Fig. 7 Exhaust gas temperature of gas engine.



@A 8 10kWa A

AR gaol meh golde A 4P

Uei it

o]ol A, AAAEI] ONeMN FTIHAEE =
@ate AlZ ARAET]) ONAA EF & 11
kW/1,800 rpmell E=@3te AE SAsec

2 A3, AVAFI) ONelAd HRFA F3)A
£5 2 FX8E 7R A28FHE AL 3%
ojUlol, AMAEF] ONellA et AQ 11 kW/
1800 rpme §ASE do 285 s ARe 72
oJUE JERUIAT.

Fu2, dAFHA Agd Fde FAEE
2 RadAe 2zt PID AolE HAEr]) HE

Azl 44 e i g2 V)EE

o
Yo e Aoz gz

32 AR SHAH Mol M2 Closed Loop &= 0]
DAL

18 AYEdE A8
stE FAd] Aoje HAAISHA] @+w Open Loop
wAe B34S THALR AESIIE siRe
}, Close Loop dEAY &34E 437 ¢
3o F waAg EAEY 4dgsidd. o714
RARE, o8 AR AEES RIM F£Fo
2 729 nEHPArE sy I3y
£2 099 2oz X% AL Lo,

I A%, AP HE L7 1,800 rpme 2 YA 3
ALoe, dAReAE Y e FHH W3 Eo
ag ZA gopM, dE&olv NOx WiEFE7}
Open Loop w23t A9 o]zt gslr] w&ol
gL ozME Open Loop B4 & Al4st
T Aol vEFAH Rew WAL

gy, Open Loop H4te] 7499, dasds

2500

Test Candition : 1800rprm (0 kW = 11 kW)

2000 | - - ——-——

1500 e

Engine Revoiution (rpm)
. %—‘
H i

1000
0.0 5.0 10.0 15.0 20.0
Time (sec)

Fig. 8 Engine rpm variation from 0 to 11 kW.
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Table 2 Specification and performance of test gas engine

Type of engine

Spark ignited natural gas engine

Number of cylinder
Displacement
Bore X Stroke

Compression ratio

Fuel
Type of combustion
Norminal electric generation
Stability of engine revolution
Electric generation efficiency
Noise
NOx with 3 way catalyst

4 cylinder
1,498 cc
78 X 78.4 mm
94

City gas (natural gas)

Stoichiometric combustion
9.8 kW/1,800 rpm
1,800£2rpm @ 9.8 kW
26.7%
82dB @ 9.8 kW/1,800 rpm
Under 10 ppm @ 9.8 kW/1,800 rpm
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