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SAKKARIN PAPAKE : APPLICATION OF EVAPORATIVE INTAKE AIR
COOLING SYSTEM FOR IMPROVING ENGINE PERFORMANCE.
THESIS ADVISOR : ASST. PROF. KRAWEE TREEAMNUK, D.Eng.,

188 PP.

EVAPORATIVE COOLING/ENGINE PERFORMANCE/GASOLINE ENGINE

This research was to study the influence of water evaporative air intake cooling
on the performance of a small multi propose gasoline engine. The single-cylinder
208 cc four-strokes gasoline engine were tested at speed 1,500-4,000 RPM.
The Evaporative Cooling Pad (ECP) model 7090 with 30 x 27 cm? in W x L was used
in air cooling system. The system was tested with ECP thickness of 100, 150 and
200 mm by using 25°C (room temperature) and 2°C (cool water from melted ice
in water) of water to produce the low and very low of intake air temperature,
‘respectively. The engine performance was tested by the hydraulics dynamometer to
determine torque, speed, fuel consumption and air induction rate. Comparison the
performance results with non ECP in air induction system. The result shown that the
reducing of air temperature before taking into the engine by ECP system influences on
the increasing of density, and mass flow rate of the intake air. Humidity and specific
heat of intake air are changed. The low temperature of intake air provides the increasing
of engine torque and power. At the same ECP thickness, torque and engine power is
highest when very low air temperature was taken into the engine. The air temperature
reduction by using cool water with 100 mm thickness of ECP in air cooling system

provides the highest torque and engine power. The power increases 3.36% at



2,500 RPM and the specific fuel consumption reduces 2.67% at 4,000 RPM when

compare to the non ECP cooling system.
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213 oA IUauya (Equivalent ratio) (Pulkrabek, 2004)
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2.1.4  MAUUSH (Brake power) (Pulkrabek, 2004)
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215 anuauasuterndang (Specific fuel consumption)

(Pulkrabek, 2004)
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A A |a 2 Aa oy o A % o q ¥ . o
LllE]LWll1J5111&1"]]@@1!11/]%@]&"1]1@&?]5@\181!@ “’l]%‘ﬂfl’ﬂ smoke index k ama Lmzaﬂmmqﬂ‘ﬂ
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v %l H 3 4 [ = .
41.75% NN13RAUT 11.71% NAMWTITOU 3,000 RPM tlarieunv/Iuias smoke index k 1
] Y = %’ =3 (% =) % Y d‘ 14 1 49!
lildtnisia J5um NOy, anasrasnInmsaaidnginsossuauInna 6% yu 11 uaz
4 a2 4 < A Y da
ANBIGITA 12.489% NNIINAU 9.4% NAWFTITO 2,500 RPM Mstiinfsunaveainaamn
1 d' A o o W [ Qy A dy a o 1 1 < a" A
dinseseud hithisddgyduanuaunldeusomassume uaedalsinuanuawlaes

dy a o A < A A = 2w 1 A J
msmwmmmwaﬂmﬂizmm 4% NANLIITOU 3,500 RPM maumimuumqmimﬂu@
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G
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carburator and the Ve water
adjusment screw S/ l

pipe — S v " |
(diffuser) | < P e i (

T main jet  waler
adjustment
RN serew

intake channel i
{ alr-water mixture)

~ a g’/ 1 aol Y A 4 9 [ 1 .
31]1/1 2.8 NIAAAITSUUNIUNVFINTDIYUA Tﬂﬂﬁlcﬁﬁﬁﬂﬂ"liﬂ"lihlﬁﬁw"m Venturi

(Sahin et al., 2014)
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2.6
] O n=2000 rpm, 146 Nm
24T "B 1=2500 rpm, 143 Nm| |

. n=3000 rpm, 132 Nm
79 B

v 20l ®
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S 16} _l *

» H e
. ~
u. ¢_
1.2 . e
‘3
1.0 x — i x -
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Water ratio | %|

a9 o1 A 4

{ v o U @ 2 A
iﬂﬁ 2.9 ANUTUNUTIEHIN Smoke index K lfﬁﬂ‘ﬂﬂ‘u ﬂ%iﬂﬂ!u']ﬁﬂﬂlelﬂﬁlﬂjﬂ\‘lﬂu@

U ')

(Sahin et al., 2012)

Y 19

I~ A = ¥ Aa ¥ A 2 o 9 A o Ay Y
ﬂ1ﬂ§ﬂﬂ 2.9 Lil@l’iiﬂﬂ!uﬁ/]ﬂﬂL“llWﬁ‘Vi@\?LNWulﬁiJLWN“llu ﬂ$ﬂ11ﬁﬂiﬂ1ﬂlﬂ3uﬂqﬂﬂ1ﬂ

U

v Y aA 3 A S 1w A
ﬂWiLW']Ulﬁilﬁﬂﬁ\‘] TﬂfJGh’iWﬁﬂﬂﬂﬁnJliﬁifJU"UfJQLﬂ'ﬁ’ENEJLWIWHﬂ‘U 2,500 RPM “l/lfl'ligjﬁﬁﬂ

143 N-m
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. ege Y= =t v J A
Karagoz, Sandalci, Yuksek and Dalkilic (2015) IafnyuiSeueunagnivoansmy
2 Yo o A 1 1 a 3’/ d o A
U51a H, 0, nazih TagleriinaanimsUiuuas ECU washnntgilnsaliaagli 2.10 nagon
o 4 4 J o 1 A o
AUIAGOIIUA 9151072 4 g1 VUIA 1.124 L 910M3naaoanu msinSua H, uag 0, 9zih
Yo o Y A § a a a Y A 49! Qy A (%
IR TNNIY 11.7% YT2TNTAWNFIANVTOUNRNIU 5.9% Audu)asanasau
TUNIZAAAN 5.6% UTuat Total Hydrocarbon AR 74.5% uag U5ua CO anad 59.5% 1Nl
= %l Y A d 9 @ A o Y v J T W T

M3 Aal g 0dsuaNi o UMV H, tag 0, 3z IiHaansnnAmInIna1nanas

1931

=h.

2.11

To Relief
Atmosphere Valve Pressure
Gaugeo
@ =
=
Pressure on/Off Mass
Regulator Valve Flowmeter
Hydrogen BV Buffer < E i <
Tank . .’ Tank > Li
ine
Check Needle Pressure
Valve Valve Regulator
Internal | Gas Injector
Combustion 4,
Engine | % 1= O | Water
tank
Iwat?r Water Line
PR pump Needle Pressure
Valve Regulator
L - Buffer @I
(> Tank >
Check
Valve Pressure
Relief Gauge
Oxygen Valve
Tank @ N
Pressure On/Off ] To Mass
Regulator Valve Atmosphere Flowmeter

~ a g’/ 1 g Y A 4
gﬂ‘ﬂ 2.10 MIAAMITEUVY H, O, LasU LNgLNIogua

(Karagoz et al., 2015)
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= v o J ' o v = Y 3 A I A A
gﬂﬂ 2.11 ﬂ'ﬂllﬁllwu‘ﬁﬁg‘ﬁ'NQﬂ1a\1lﬂﬁﬂl1/|fJ‘]Jﬂ‘]Jﬂ'JHJLﬁ'Jﬁ@‘UGU@QLﬂﬁ@Qﬂu@ﬂllﬂ1ﬁl1/‘|l|ﬂ§lﬂm

H 1 4 J
H,, O, ttagu mﬁﬁqm’%awuﬂ (Karagoz et al., 2015)
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1 Yy 1 A 14

Chintala and Subramanian (2016) llﬁ}ﬁﬂ‘]el”INE‘]‘IJ’ENﬂ”ISaﬂu”IL"IJTﬁlﬂiﬂﬂﬂu@]Llagaﬂ

£

o ' o D) A It g & a a v ®
DATIFIUNITOAN GlUﬂ'lﬂN'lllﬂllaU’ENm5@\18149]9]!,‘35@1@]ﬂelGHLGHE]LWﬂQﬂLG]fﬂWﬁilﬂﬁllﬂﬁhlﬁiﬂiﬁ]u

4 o { < 1 U
(H,) Tagld1n50aoudaiaa 1 gu vu1a 947.4 cc NAADUNAWIZTITOUAIN 1,500 RPM WU

Y 1 v ¥ o oa Y= [ = = 3 v
'ﬁ'lll'liﬂGl"lﬂlﬂﬁllajﬂﬁlﬂuﬁﬁuﬂﬂu'l“uﬂl‘ﬂfallﬂﬂﬂ 18.8 % IﬂﬂWﬂQQ']u UINUNITRAUUUY

£

A J 1% U o A 14 A y o I
Lﬂ'iENEJumLazaﬂamﬁmumiamJmmimﬂucﬂi]zmmimwuﬂ‘%m'mmﬂ%uﬂﬁ”laimmmﬂu

dy a YR [ Aa A a 9 d' o Sltﬁy a A
L‘]f’é]ﬁ/‘laillﬂﬂi 79% Tagnasay Usea@nsaImsanusouveunIoseuan I9semasaiya

1 1% 2] A A A Y a a A S A 2 3 v
5')1|ﬂ'i_lll,ﬂﬁllaiﬂﬁlﬂu%%uﬂ'lq@qﬂlilﬂlﬂﬂﬂﬂﬂﬂigﬁ‘ﬂ‘ﬁﬂ'lwm’ﬁlﬁlﬂiﬂﬂﬂu@ NUNITRAAUUUY
4 J 9/4%’ a a = I 2 a A
Lﬂﬁ'ﬁNEluﬁml,agﬂ'lisl‘]ﬂ‘]f'ﬂlwaﬂﬂl‘;]falwEN'E]EJ'NL@EJ') SIEEVRL! HC, CO, smoke, NO wazlse@nsnn
a [l 4 F Y ' o
1FIANToUITaRAIDI1NAEBRALN 340 g/kW-hr LlAZAABATIEIUATOAMABLTES 16.5:1

= a & o [ A =
Fansaantglnsel luszuuuaaaszln 2.12 tazwanisnadeuuanlugii 2.13

Gas mass flow meter Electronic control
unit (ECU)
Flash back
Gas pressure arrestor
rogstor s Hydrogen
. Intake manifold injector
@ @ Exhaust
o ) —{ manifold
= Water injector
(Manifold injection) =
Flash back = d= J
Hydrogen —————— 0| }
gas cylinder atrestor o /
fuel . Port Emission
- = mjection n analyzers
E %, =
g’ k = g [I
= = IS ;
wn l / l e ==3 5
' T > Fuel =
[ [P \»‘{ \% Pump X Con}lbusnon
g analyzer
Air flow meter Digital electronic Digital electronic y
weighing balance weighing balance Dual fuel engine

~ a g’; 1 %’ Y A 4 .
gﬂ‘ﬂ 2.12 ﬂ"liﬂﬂﬂ\?ig‘]JUﬂWiﬂWfJu'llLﬁghlﬁiﬂﬁﬁ]ul‘lﬂqmi@ﬂﬂu@l (Chintala et al., 2016)
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35 4 Fuels : Diesel+H,
Base diesel mode Load :100%
i without H, and . Speed : 1500 rpm
S i . - CR :1951
Operation :Water injection
o E #
z
- 32 Efficiency equals
g T X A to diesel mode 35
; = —>
a3 31
E
2 ‘ E
= 30 Y —m—Conventional dual fuel —#=SWC_130 g/kWh
—4—=SWC_200 g’kWh -8—-SWC_270 g’kWh
29 4 ~8-SWC_340 g’kWh —=SWC_410 g/kWh
~=SWC_480 g’kWh
28 - = R o ‘ T )
0 10 20 30 40 50 60 70

Hydrogen energy share (%)

d' [ v J [ Aa A 9 d' = [
5UM 2.13 AnwduiussznelszansnmanuieuveunsossuaiounuilFum laTasou

A A Y 1 A I < .
HAaZ NN FIATOIYUANAIINLTITOU 1500 RPM (Chintala et al., 2016)

Vg = 2 oy 1 A %
Cesur, Parlak, Ayhan, Boru and Gonea (2013) ”lﬂﬁﬂywammmim”lammqmsmauﬁ
a @ 1% y { <3 g‘; 1
mumumﬁﬂ 4 JWNIT 2 E:[‘]J VUIA 505 cc mﬁauﬁmizqeqaﬁmmmsaumlm 1,600-3,600
Y o - . 1 ~ 2 4 4 A
RPM Taol% lo1i5 961 3 bar guuinil 133.5°C wua U5mamsia lohnungaungade
¥ a A o w Ia { < o

20% I@]EJN’JQL%@LW@Q ?ﬂlﬂﬁﬂlWﬂJﬂWﬁ\‘IL!aZT‘JJLJJL!GI‘Uﬂ 4.65% ﬁﬂ’ﬂmi’)i@ﬂ 3,200 RPM ?Ngﬂ
~ 2 = dy a o A 3

N 2.14 ﬂ’ﬂﬂﬁulﬂa@\?L%@LW@Q‘ﬂHWW&’ﬁﬂa\‘] 6.44% NANNLIITOU 2,800 RPM ﬂ?mm NO afaad

{ { = a a <
Lﬂaﬂ 40% ﬁﬂ’ﬂﬂli'ﬁﬂ”ﬂ 2,800 RPM Llﬁgﬂﬂﬂﬂl HC aaad 31.5% NAIIULTITOU 2,000 RPM

[

4 2.15



33

31

30

Torque, Nm

28 A

20

mSTD S10 AS20 ® S30

27

1600

A v o ' Ja A % < A I A = 3
51]‘1/] 2.14 ﬂ’)'lm’fllwu‘ﬁizﬂ’ﬂﬂill!JJ‘LlG]‘]J@L‘VIEJ‘]Jﬂ‘]Jﬂ’JTlJLi’Ji’EJ‘]J"Uﬂﬁlﬂiﬂﬂﬂu@muﬂﬁﬂﬂqﬂu1ﬂ

U

2000 2400 2800 3200 3600
Engine Speed, rpm

v
=

311UUANA1AY (Cesur et al., 2013)

400 -

350 A

300 -

HC, ppm

250 -

200 H

150

B STD

A S20

1600

2000 2400 2800 3200 3600
Engine Speed, rpm

~ o v J 1 =\ [ < A S A = g
Elhfl 2.15 ANUFUNUTIE YT HC W]fﬂ_]ﬂl]ﬂ'3'111!5'33ﬂﬂmﬂﬂlﬂﬁﬂﬂﬂuﬁﬂﬂﬂ']ﬁﬂﬂulﬂu']

4 Jd a
Lmzm%wumﬂu (Cesur et al., 2013)
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Kassaby, Eldrainy, Khidr and Khidr (2016) ladnyiwaveanis 1y Hydroxy (HHO) gas
luaSoseudivndu 4 qu v 1.3 L Taeldnise Tnaauanssfufinnudasey 1500-2500
RPM WU annsonaauna HHO 1agaga 18 L/r Taon151% Sodium Hydroxide (KOH) 6 g/L
31 HHO $rusurhifumudugi I sz ans amuaennu o uueains oqoudiium
10% ANl U BINAIT UNIZ AR 34% 13313 CO anad 18% 133181 HC anad 14%
wazd3una NO, anad 15%

Rosli, Shahruddin, Mohd, Mamat, Kasolang, Zulkifli and Mamat (2013) 1&fnyImavea
M3AARITZUILNT 040N IAYDIUAS DIBUAUFY 1 g1 YUIA 169 cc TagnaaeuinuEisen

[ Y
AN 1,500, 2,000 AL 2,500 RPM W31 A1ENAINITAAAITZVUNTBI0101AE 1A

Y
a

A dy a o A 2 1 @ A 9 A I A
FulaouFoInaIT U NNUY HAAIUAUDINIANLVIYIATOIGUSA SIERTREN CO, NO, i1ag

a = @ A a & o Y A 1
gangil loidevzanasasgln 2.16 naz 2.17 MmsdAnasnsesemeni I idemenazetn Tl

duverlulifuerma i linmswn lwfauyseigeiu

3 1.0 - = Without Air Filtler ~ m With Air Filter

=

~ 09

S

208

Z

£ 07

o

S 0.6

=

= ! 2 3
Condition

A v o 1 2 A X a o ~ @ <
gﬂ‘ﬂ 2.16 ANUFUNUFIEHINANVF U0 UFDNAITUNILNIVAVANNIGITOUVDI

4 & (% a &
Lﬂ%ﬂﬂﬂuﬂ‘ﬂﬂﬂﬂungﬁﬁﬂﬂ"liﬂﬂﬂﬂﬂiﬂﬂﬂ"lﬂ"lﬁ (Rosli et al., 2013)
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® Without Air Filter ® With Air Filter

35 A
30 A
=
£ 25 -
> 20 A
15 A
10 A
] 2 3
Condition

9

A v o ! a o 3 A PR
gll‘i/'l 2.17 ﬂ’JHJﬁiJWH‘ﬁ‘J%W’)N‘]ﬁ?J'Im NOX NYUNUANULIITOUUBDIUA T DIIUAN

9
NOULALHAINITAAGINTOIDINA (Rosli et al., 2013)

2.4 Evaporative cooling pad
1 1 9 (% a [
Tag technology agreement group (2559) Na1231 1135 1FHANNITNINFTINHA IUN1TUSV
d A ax & A o q YY=R ~ Y o Y A Y o an
o udnIsHilanevh v anauonaziins lswasanuiios Ao mslsndannsIsmyseme
H . . an o < 2 9 a A Y @ &
w891 (Evaporative cooling) 35 Msvhanudunuytiamnsalidszansamlaaseaumils Tums
Y 9 o Y a 9. { 1 ] y 13 1 9 4 . 4 1
uddymannzeimasewhldnannudaniawe sy maeglndwiieglndien suilooylu
a 1 Sol 9 4 a lo a [ 1 9 v 1
Uinaumauing andaunazligamgian UssemaluuinuainamunzaumsnnHouLay
92
Janay
P ) o an H . . 2
Usg Toal lums 1¥amszuudSuemeanuuiIsns sevieve il (Evaporative cooling) WU
9 79 Y Y A Y o Y A 9 v
aunsoiumlszgnd g lananuane iesonldnasanuioes Tawamnsalumsldauls
a o 1 @ A a ] 9
matlse Temiunine 195 umsdSueine wisasgunginieuene1ms $1e3z1eA 050U
o A ] 1 A I 9
AuAseesnIa 9 wagly lulsaseunyasnssy itudu
241 wapmsmauszuvdSvemanuuIsmssuveveatil (Evaporative cooling)
9 Y o 1 [
U931 Tag technology agreement group (2559) lavdwauen szuvdsverme
ag 3 g @ an adq v ¥ a 9
HUVITNITEMEVR I UMaNNIITN BT TUAN 15 lunsangavigiiveeIniaiou
@ A [l H Y 3 A dy Aa A 9 ] d’l a 3
NanNN13ne NMILYMAY N IRLVIAEN UWUNHINN WD INAT OUHIUNUAIU §IMA
9 v & 3 A Ao 1 9 H 1 A Yo
Foudiunilsezgmimgungiainiiganiuseuns (Latent hea) tazinned i 145 uam

I { Aa 1 H A 3
Souaznaeiiiu'lo wan1d Ao oxmaseuguugiivzanawailsualorhluomeiunnau
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242 paendfveasyszimeimuuilanisegadune (Evaporative cooling pad,
ECP)

9 A o a Y o 1 1 %’ = dyd
VIYAVDIUVITEN FY1UIU (2559) ‘lﬂuuaumw UHUsZIeILuuontiy

Y a Ao 9 A = s A va =< 3 Y v A <3| o 2~
Tassadwmapnhaote Indwesillmniagaduiir1aa sadsailuuun i Tanumun
9 Y
Fuaougnin 5 mm 1Az 7 mm yunzuemuraougniin 45° aunsoailosiudes wazliogns
2 . 3 o o
TFauldonuiu nasgrumsldaugadumaiimualdnnugave s AFuE 60-70 mm/
5 min 1182 200 mm/1.5 hr tag@e 1iie13 Phenol n3oensniioulanvhldinanisuiaonmia
(=} a A o [ A 9 a = 1
Tufimsiw lulisuasiela 9 Jasansaedanaden (dem3u, 2559) T1vazBeavpIHY

Y H v
sematuaaalug Ui 2.18 uag 2.19 aza1I 1N 2.1 1Ay 2.2 uAIAY

31N 2.18 uHUIZE1 (Evaporative cooling pad) (PPS PACKAGING, 2016)

[ %’ . . a
3‘1]171 2.19 519ALDIAVDIHNUT LW (Evaporative cooling pad) (7811434, 2559)
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H 1 90} . . =)
A1319N 2.1 VUIAUBILHUT LI (Evaporative cooling pad) (681473, 2559)

Parameter 7090 7060
H (mm) 1,000/1,200/1,500/1,800 and so on  1,000/1,200/1,500/1,800 and so on
W (mm) 600 600
D (mm) 100/150 100/150
H (mm) 7 7
o) 45 45
BO 45 45

{ 9 a v . . a
A15197 2.2 ATNULAAIVDYANNNAUAVDILLNY Evaporative cooling pad (813U, 2559)

Paper Pad
Thickness Wind Speed 0.6 0.8 1 12 14 1.6 18 2
100 mm (Pressure drop) 7 8 11 16 20 24 28 35
Efficiency 82 80  78.3> 77 75 73 72 71
150 mm (Pressure drop) 10 13 18 23 30 38 45 54
Efficiency 93 91 90 89 88 87 85 85

1o H:high W:width D:depth H:wave height (:wave angle B:wave angle

9 [

ﬁi”ﬂﬁﬁwmﬁwuﬂﬁ'ﬁmﬁﬁﬂymwmm?ﬁ’ﬂﬁgﬁmmmﬂumiﬂizqwﬁzuu
Evaporative Cooling Tag1durin ECP Tumsangaimgiliiie Sagussasdan 4 fadl

P. Martinez, Ruiz, Cutillas, P.J. Martinez, Kaiser and Lucas (2016) 1ddnuin1sly
Evaporative cooling pad, ECP Lﬁaaﬂqquﬁmmmmﬁﬁamﬁw Condenser Y9932 VUNIAY
161 Model KFR-25W/EXC Y119 2,500W (g‘ﬂ‘ﬁ 2.20) Taslin1s l¥aunuIve LNy ECP

a

A 50, 100 1A 150 mm AWEIRY INNTNAADINL N5 IFUHY ECP 1u15nangauviqil

U

o { ] [ % 1 o <3
61ﬂ1ﬁhlﬁlq\1q9 7.4°C NANUHUIVOUANUNINDY 150 mm A1 COP IagsINU0952UUINAMEY

iamgegaiolFanuruiveury ECP MIA 100 mm 34@1115080015 19WA0114 904
A 2 1 o <
Compressor 11.4% Cooling capacity INUUU 1.8% LagA1 COP 1A83INYBI5EULTIAMMEY

A da! A @ a A = Y
IWNUU 10.6% Lll’f]mEJUﬂUizU‘]JLﬂNTIVLNNﬂ151%!LWL! ECP
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5 6 _
RN
> RER! Q)
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. out
Lis -
s (HR)
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s
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Y
RS ‘@@

{ a & a Y o I
31]17] 2.20 ﬂ'li@ﬂ@\ﬁgﬂﬂﬂ'ﬁaﬂqmﬂﬂﬂﬁlﬂﬂﬂWii$LWEJuWﬂUig‘]J‘]J‘Vﬂﬂ'J']lllﬂull‘U‘U

Split type (Martinez et al., 2016)

—— conventional

0025 T g0
% —— 100mm
%, 0020 | |
)
=
§ 0.015 Tout,150
=
=
= 0.010
jo= |
jus

0.005

0.000

20 25 30 35
Dry bulb temperature (°C)

a

v v Y
1 2.21 Fenemsnlasunlasvesgumgiivazanuiuvesemeanowtsz UDaAQ Y

RY

2 v o < .
DIMALVUITLLHIUNLAEHAINIU Condenser VYDITEUUNIAINEULU Y Split type

(Martinez et al., 2016)
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A X a a a A ]
10317 2.21 uaasdenanemalasuniasvesgungiiieomalvaruszuuan
A E4 & ' A o '
gunUDIIMeIAz Condenser oo IMA lMarIuszUDARUHATAING1D DI1NIAIEE]
a \ ¥ 2 4 %’} 4 1 a Y
gUMNIanaANUFUIZFITY 11090 INNTZUUAINa1IRANTgATUAINS o UL 1In
< ' 2 ' A A
pmAuazszvenmeiiule aAnunIveHusZIer1 ECP Inanon1sangungienia o9
Y H v ]
ANUAUININTY YUHYNUIDINIAN Inar Uz IR IAg
o J . . a
Hajidavalloo (2007) ¥11M31/52gn@ 195211 Evaporative Cooling Tun1sangmuigiives
td o < @ @ { J
Qﬂﬂsmmmizuummmwmmu Vapor compression YU 1.5 AU @Ngﬂ‘ﬁ 2.22 NN ﬂﬁsl,"ff}
] d‘d a = Y | Y 0 0
LWHY ECP 111 3 em Tuangomaniaganginsznlszilenuazuianiny 24°C uag 45°C
AWEIAY A WN30aANYIVEY Compressor 1404 24°C angatifil Condenser 1404 17°C an

Qy v A v o < A '
miamﬂﬁmwawmmmiwu 15% INUBDATINITNIANNIUUDITEUD 33% Laginiual COP

o < Y= 2 Ao a3 "o a ]
m@ﬂigﬂflﬂ/nﬂ?'lllmuulﬂﬂﬂ 55% GIN?J'E_JG]5'lﬂ'liqmlﬁﬂu’m’lﬂﬂ’liiglﬂﬂlﬂ'lﬂﬂ 7.5 ﬁﬁﬁﬁﬂcﬁﬂiﬂ\‘l

Water Injection Pipe

Condenser

Ruler

Sending Line

{ a & a 3 o <3
gﬂ‘ﬁ 2.22 ﬂ'ﬁ@lﬂ@l\1ﬁgl]JUﬁﬂQﬂ!ﬁ{]N@'lﬂ'lﬁﬁ}'Jﬂﬂ'ﬁﬁglﬁﬂu11u53uu‘ﬂ1ﬂ31mlﬂuuuu Vapor

compression YUIA 1.5 AU (Hajidavalloo, 2007)



27

Conventional Cycle 2360 kpa, 110 C

2312 kpa, 58 C
1448 kpa, 41 C

z 1530 kpa, 86 C

\ | —_ 476 kpa. 16 C
408 kpa, -6

96 kpa, 0

Evaporative Cooling Cycle h

{ o < 1 o A a & a
iﬂ‘ﬁ 2.23 P-h Diagram 611mizuummmwuﬂauuawm‘ﬁﬁmmﬂmizunaﬂqmwgummﬁ

U

HUVIEMeUT (Hajidavalloo, 2007)

9
U

I~ < 1 9 a 3 Y Aa
iﬂﬂgﬂ‘ﬂ 2.23 U UN mi“lﬁvizuuaﬂqmwgummmmuizmsluﬂuwawmmizw
o < [ A A o o v W o < §
mmmmu%mNaﬁqqmwgwm Condenser 191914 ‘ﬂﬂﬁ’amﬂimimmmmummwuuﬁﬁ
9 H 9
NIAAGNTEUUAAYUHHNAINAT (Lﬁ‘}uﬁﬁﬂ Hanasuutlaslnn@uneumsaadissuvan
a Y %,j a
QUWYY (LTUTUUIU)
. / o Y Y
Malli, Seyf, Layeghi, Sharifian and Behravesh (2011) lafauFeuieunis lguny
1 s
ECP 191910 Cellulosic 2 ¥ U 5090 AT U 7090 YUIA 0.5x0.5 m’ TAgoonuULasAAAY
4 o [ ~ 1 Y ] ~ a A ~ <3
Qﬂﬂimm‘i’mwamiﬂ@ammgﬂﬂ 2.24 WU M3 1BUAY ECP uﬂﬁmmwaqaqwmmm
1w 1 1 9 1 1
AUMAY 1.8 m/s TaelFtiEy ECP JU 5090 iU 150 mm M3 19wy ECP 31U 7090 YW1 75 mm
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NuanA19n Y (Malli et al., 2011)
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~&8-100mm
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velocity (m/s)

H @ @ 4 [ [ 1Y <
317 2.25 ANVANNUTIZHINANUAUGYTINSVAVANWITIANVD Evaporative cooling pad

¥Ua 5090 (Malli et al., 2011)
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pressure drop (pa)

1.8 2.2 2.6 3 3.4 3.8
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{ v o d ' @ @ <3
gﬂ‘ﬁ 2.26 ANUAUNUTTIECHINANUAUTUITINIUNUANULITIANVDY Evaporative cooling

u 9

pad

F¥1a 7090 (Malli et al., 2011)
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31U 2.27 ANWANRUTIZHINYsEANTHAMEDAUAWIEIAUUBY Evaporative cooling pad

¥ 5090 (Malli et al., 2011)
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¥ 7090 (Malli et al., 2011)
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Y o Y % o a9y Y o

wouhau Taglgury ECP G?Nmmim‘ﬂmqmﬁguwaﬂﬂﬂizmm 26.05°C uazsny1fiua

) o = v Yo 0 <
mm%uiwmmzﬁuﬂuﬁmazmmﬁﬂmmzﬁmmuuyﬂ”lﬂ w1 lanaszuumsinnudu
& d 2 o 99 Y Y a3 ¥
Aunvvaesiu Foihldaans ldwasnulane 16.15% uazaﬂmiqmmaummmﬁﬁzmﬂﬂ

4 o < a
ﬁ\‘i 26.93% Lﬁf]!,‘ﬁEJ‘U'iZ‘U‘UﬂﬁTHﬂ’JHJ!EIHLL‘U’]JLﬂlI

a A d
25 lai@gveunsosaun
[ [ = d‘ 4 4 a ] d‘ a
wans uasnadan (2537) nann ledeveunsoseuaguaiugulagni i Womna
Y 9 a 901 1 d' =1 dld a
s lugd vsgdeaia Co, uaz Wi uaiesanluemaidsuim N, ge lugnegiligurgi
o a 1 1 I a ] 4 o
geenasilvine No, 16 (drulngjrzidlu No nag NO,) iniansw v luauyseietash
a [ 1 A < 4 I 1
Tna HC Tudanzmelede vise Co uaaiitSuna o, in nervezilaswilu co, ae'ly v
<3 [ A A a ds! g’/ ds! [ v 1 Y =y
Wuwansinatutiu Yuegiutladears q Tunszurumswn Inif aaudsznovaeslode

'
AA o

1 1 g a = Y a g’/ I 9 1 dy
Tuvaenions 1@ IUAOFOINAINDR Lmzl,m'lmmmﬂﬂﬁuum%Lﬂu"lﬂmmmwmumm



dl 1 =S ﬁ‘ S v 1 \ ﬁy a =S
ATTNN 2.3 ﬁ’:]u‘ﬂizﬂ@‘u"llﬂﬂll@tﬁﬂlll?)ll?)@li1?(7]1!?)1?71?(@]0!,6110!,1/\]@1@1/\]0@

(Wans uasnaan, 2537)

31

Gas type Volume (%)
N, 83.5
O, (and Argon) 2.22
Co, 13.0
H, 0.23
Cco 0.97
HC 205 *ppm
NO 29000 *ppm
NO, 18 *ppm
NUNYING) Liemauuuduiisandunoiemas 14.7

1 \ ) ¥ %
2.1 9 ”lmammm%uuagm

3151185 1% IMNU 10,000 ppm

2.6 AMaNUAveIIMA

2.6.1  ANUAUDINA (Cengel, 2004)

o J @ ] a o
LTI IUITDATUIUAIAINAUUDIDINIA I@81%}ﬂ§]m@ﬁllﬂﬁﬁlu?}ﬂhﬂﬁﬂﬁﬁiJﬂﬁ

I~
Nn2.14

P = ORT

We P Ao ANNAUSINA (kPa)
£ 718 ANURUILUYEI0INE (kg/m’)
A 1 ~ o A [
R fe MAINvong UANNINDY 0.287 ki/kg-K

T 79 QU1 IV INA (K)

(2.14)
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2.62 anuIoud e (Singh, 2001)
1 Y o =~ % YRR ( 491 (%
AMANVTOUTUNIZYDIDINA VzTANUAURUT U IS InmaNuTua

A
aunNIIn 2.15

Cp =0.25+045H (2.15)

o ¢, Ao anwdeusumizvosoImAuUUANNAUAIN (keal/kgK)
A dgl A [ 1 dy A
H o PSmaanuyulusine wie sasdimanuiu vie

X o o
ANNFUANYIN (kgke,,)

2.63  OAEIUANNIOUI UL (Cengel, 2004)

C
k= — (2.16)
CV
R=C-C, 2.17)

@ J Y

Lﬁ’é] 9 AT ITIUANINTOUIUNILUDIDINA

v
1 =

k f

A 9 o A

C, no ﬂ'ﬂﬂJﬁfJui]’lLW’lg"ll@\'l’E]'lﬂ'lﬁll‘]J‘]Jﬂ%ﬂJ']ﬁﬁﬂ\'l‘Vl (kJ/kg-K)
(24 ' 1w

R ﬁf) ATAINUBDILLN T ﬁﬂ'llfﬂ'lﬂ‘ﬂ 0.287 kJ/kg-K
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3 19 2.29 Psychrometric chart (Ashrae, 1992)
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INTOUA
N1500NUDITUVAAgUNYNAINa1292 19urY ECP 499 AGB Evaporative
. ' 2 1 =q 9 <
Cooling pad 1 7090 YU1IA 0.3 x 0.3 mm’ IAgLANNKHIIN G IunITnaaeudlu 100, 150

9 v
1Az 200 mm HazoBNUVUFeANT S UARAHY ECP Taglduniuszadanaagili 3.1

R
/ OS]
/
/
/ 300 300
)
/
— -
/ T
/ e
/ e
_/ S
I A
1 300
J—_ﬂ n_1 i .,,-.-,-,-—"-"""';':’-
4-—‘ 50
300 30 4[ J; 100

319 3.1 MyoeRUUVFIANAINTVAAQUIHNUDINA (11128 mm)



103U 3.2

36

To Engine

A a & o a
710 3.2 msaeasgilnsal luszuvangamgieme

WU0AY 1 Ao UNUI

(] 2 o o a
weay 2 Ao aunuihd sy lvadeuluszunangungil

A a3 =
HUYLaY 3 A ﬂauﬂﬁanﬂuslu’izuuaﬂqmﬁﬂu

WIN8LaY 4 A FoIaueLAAan (Evaporator)
, H
NUNGIAY 5 AD LHUTINELN (ECP)

] a 1 y 4
nugaY 6 ﬁ@ mmqmummﬁmgﬁqm%qfnm

Y 9 o d ' ¥ 1 A o
wineme 01ma lianindedne (vneiay s) lTUdadaun (munemy 6) neudnginsoseud



37

31U 3.3 nuuszuUang Ui INIA

dl Yo o A a Y o 1 2 d'
iﬂﬂgﬂ‘ﬂ 3.3 ij]ﬂ‘lm’)‘ﬂEITLlW“Ll‘ﬁﬂﬂﬂWﬂWiﬂﬂﬂ!LUU%fJ@ﬁMﬂluWﬂ 0.3x 0.3 m" 1o

[ Y 1 A dy ~ Y o [ Y 2 A =~
IMARNIULVIFUNY ECP mzmaawu‘wwmmmmmi”lwammu 0.27x 0.3 m IHBIINUNIT

9 : ]
ﬂﬂﬂﬁllﬂu@%ﬂaaﬂq\i 3cm Lﬁaummmwuwmuwu ECP L!.ﬁ$Lﬁ@@1ﬂ1ﬁ1ﬂﬁl%}1ﬁﬂﬂﬂﬁ1ﬁﬂ

y
Y o

[ ' 2 Y 1 J Y
nay *ﬂ%ﬁ’ﬁuWﬁﬂﬂWiqﬁﬁMWﬂUﬂﬂ PVC 9118 2.5 U1 (Lﬁumuquﬂﬂanmuiu 65 mm)

Water
Circulation

Alr o in

,/
Dynamometer Engine L o Evaporator = |Heater
\\

.

1

Water
Tank

{ a & a 1 4 o
317 3.4 MmsAaasszUUangugloIN AN AT DU



38

| Mg
)

{ a & a 1 4 J o 4 J
‘51_]17] 3.5 fﬂiﬂﬂﬁ\‘1iZ‘U‘UﬁﬂQmﬁQN61ﬂ1ﬁﬂﬂuL6ﬁ}1lﬂ§ﬂﬁﬂuﬁﬂU“]gﬂ‘ﬂﬂﬁ’E]‘]JﬁiJiiﬂugLﬂ%’ﬂ\‘lﬂuﬁ

U

4 J a ¥ a
ﬂ'li‘ﬂﬂﬁﬂﬂﬁllﬁiﬂugﬂl@ﬁlﬂ%@\?ﬂuﬂﬂ'lﬂﬂ'liﬁﬂﬁﬁigﬂﬂﬁﬂqmﬁ@,uﬂ1ﬂ1ﬁﬁlﬁﬂ
an 2 o qu A oA Y A s o =
ADNITISINYUN 1/]'lslﬁﬂqfﬂVlﬂﬁ@‘]_lilﬂ@ll@ﬂ1’75@1/]@@1ﬂ']ﬁ1/]"|\3!,“ll"|mi@\1ﬂuﬂﬂﬂ’l')iﬂﬂ ﬂ\iglhﬂ 3.5

A Y} Y o Y a A ] A s J a Y o
LW@iﬁﬁﬂﬂﬂﬁ@\iﬂ“]JSU’E'JﬁﬂJﬂJﬁﬁWHﬂ’ﬂﬂﬁi%ﬂumi@ﬂﬂuﬁ@tuﬂﬂi%ﬁﬂﬂ’ﬂi!’Jmﬂﬁ'l\‘]!!,ﬂ\‘l LIAIRIR

v A =

1A a § 1 a 4 I
LA 2gUINUN %31]6&!ﬁﬁh@1ﬂ1ﬁﬂﬂﬁ%ﬁgﬂﬂ’ﬂﬂﬂ¢l ﬂ1ﬂﬂﬁi$U18ﬂ31ﬂ%}ﬂuﬂlﬂﬂlﬂt§'ﬂﬂﬂuﬁ‘ﬁﬁ

U Q

v o = A J A Y a v o A 1 @
Gllu']ﬂﬂ3Wﬂﬁﬂllagqﬂlﬁﬂﬂlﬂﬂlﬂﬁﬂﬂﬂu@ tazino 1HNAA NUFARUVOIHAANTNUANA N ULIN

A é’ ~ <3 = a 3’4 A o 9 A a 9 A
U ‘lﬂﬂgﬂ‘ﬂ 3.4-3.5 ALIHUNUNTAASUATOINIANINTOU (Heater) NUITNIUNUUT IHUDIDN

Y
a =< 1w a o

1 4 14
gII?Nﬂ']'i'q‘11!@"Iﬂ"lﬁﬂ"l\?!,”ﬁ}"lclﬁlﬁqmﬁﬂﬂﬁﬂ“llulﬂ‘lﬂﬂ@mﬂﬂ3J‘Um31’]'l\‘]'luﬂﬁ"lﬂlt%\ﬁlﬂ%ﬂ%ﬂ\‘]ﬂuﬁ

u u Ll U

A 9 a
RIS ARITEEN



39

4 ¢ dda o a
323 1a aa1Jammmmmm’%‘mﬂummnﬂszmﬂﬁmmsxuu aﬂqmﬁ{}ummﬂ
% v :.’1 U a ¢ = 4' Jd
umws@ummamwuammswwgmmw‘lmaﬂm@amsmﬂuﬂ

A o Y Aa oA ar A
ﬂ"liﬂﬂﬁ@ijﬁﬂiiﬂuz"llﬂx‘lmiﬂﬂEJL!G]TLA‘H?N‘]J;]UG]T]”I? nadou lagladn

=0

{ 2 v ' 4 U 4 J g}.z
idondugansodanussgagadied e ldonialvadnginsoseud ldgega a1niiu

Q U

1 A 1Y 4 4 1 < 4 J ° 1w ]
08 9 LWNﬂWi%iﬁﬂﬂLﬂ%@\iﬂug}i]uﬂ1ﬂ’J"I$JL5’J§6°LIEU’ENm%‘i’J\‘IEJ‘L!G]EW]GHENi]‘LlWHﬂ‘]Jf"I’J”IlILi’J

Y
Y v W a

{ g// 1 1 Ia 4 a 1
59UNABINITNATOU INUUBIUAT LNUATA 3@@@]51@'HL1J§’ENL%’E]LWEN UAZAITUTIDUS

] 9 A '

A A & 1 A v < & A s <
VDIATOIYUADU G]f\‘]ﬂﬁ/]@'lullﬂ U AIULIITOUHUADATTUIIDOUSUDIUATDIYUANAITULIY

2 2 i 3 i . Y ;
39U UU 9 Iﬂ8%8&W3Jﬂ1§$Lﬁ'ﬁ]ﬂ@ﬂ’]11]&5’Jiﬂﬂﬂl@ﬂlﬂ%'ﬁ]\‘]ﬁluﬂﬂ\‘]ﬂix‘]ﬂg 500 RPM Lm%‘ﬂﬂﬁ’ﬂﬂﬁ

a3 4 7 1 % o a &
ﬂ’J'liJLﬁ’Ji'E]'USUENLﬂ%‘@\‘]EJL!GWNLW] 1,500-4,000 RPM %Qﬂ?i‘ﬂ@ﬁ@\‘]’ﬂg‘HTIﬂﬂﬂ'ﬁG]@WN?ZTJTJEI@

N 3 v Yy Y A ¥ Aqu
Qmwgmmmzmﬂum‘u°uGlﬁmmz“l:JGlﬁ]fuumqazuuaﬂqmwgummﬁumiﬂuazuum

4
o

A H Ay N ¥ An o o g 3 Ay
qmwgummﬁﬁa mqmwguwmﬂﬂ161uazmqmvmuﬁummazmﬂclumm‘um’qmwguwm

U

a ] Y I ] @ {
ﬂﬂ@ mmimu,mmimaaﬂmﬂu 10 f‘lﬁ“l/lﬂﬁ@\i‘(’lf)ﬂﬂ\iﬁﬁﬁ‘]dﬂ 3.1

{ J a A 1
G]TB"N‘?I 3.1 EﬂLL‘U‘UﬂWi‘WWﬁ@\‘iﬂ1'§ﬂ'§$Qﬂﬁ‘i$°UUﬁﬂqmﬁﬂh@WﬂWﬁﬂﬂﬁTNﬂuﬁlfNLLWL! ECP

AN 9
ECP Thickness (mm) Warm temp. Cool temp. Very low temp.
100 1 2 3
150 4 5 6
200 7 8 9
No ECP (0 mm) 10 - -

INAIT NN 3.1 LLﬁﬂQﬁQﬁWﬂ’JUﬂﬁﬂﬂﬁ@\ﬁjﬂﬂ G']?Qﬁﬁﬂ 10 MINAADY UADSMNT

2 g 4 J 1 ]
wﬂaawzﬁlawﬂﬁaum 3 A Llﬁg‘ﬂﬂﬁ@‘]_lﬁiliiﬂugsll@\‘iLﬂ%@\?ﬂuﬂﬂﬂﬂ1ﬂﬂnuLi'JﬁfJ‘]JGUfN

v
a o

4 I v 1 @ { ? o @
Lﬂ%wummﬂmﬂum%ﬁ 3.2.3 TﬂfJﬂTi‘V]ﬂﬁﬂﬂﬂgﬁl%}HWﬁWﬁiUﬂﬁﬁﬂQﬂ!ﬁﬂhﬂﬂﬁhﬂﬁWN

QU

ll H 1 a [ H
puv 1. uuylyldivdgszuuasgungloneavienuuenegu (Warm temp.) 2. tuy 14

a 1 a I 3 g

guinieutgszuvangungloINAK3 oLLUBINAEY (Cool temp.) 3. U 15i1EUIN
T < - 1 Ay a & o

ﬂ1§ﬁ$ﬁ1851]@\1u1llsll\11uﬂﬁlﬂllu"IQﬂlﬂgﬂﬁﬂﬁﬁi@!&ﬂﬂ@']ﬂ']ﬁlﬂuﬂﬂ (Verylow temp.) Tﬂﬂ

arugugurginszilsizudevesemiauuumMInade U UeInIAguliln10gsznang

50-56"C



40

U R

\ A a = A J
3.24 'Jﬂﬂ]ﬂ')!l‘l]iﬁn@ 9 mﬁ)ﬂizmuauimuzuazQmmw"l’e)!aﬂmmmimﬂuﬂmm

A d
AI0IBUAN

A a = A Jd o o Y
ﬂ151/]ﬂaf)\i!W'E]TJigllluﬁlliiﬂuzllagﬂmﬂ]Wqﬂlﬁﬂm@QlﬂiﬂQﬂu@ Juuaog
Y

v A ° o A 2 o A Y v 1 Aw A
ﬂﬂ'IG]’JmJilW@uﬂﬂﬂ'lu%leiJﬁﬂJﬂﬁVI 2.9-2.17 a5 NozAnaInnINAgl

3241 gumginszi)azuianazitanvesermaneutas AR IUIHY
ST

aumlamsiaguuglogianinuiy ECP uiui Indaringungil

o o | o 1 ~d o we
Ngaszum 150 mm #9517 3.6 nazahagurginla lduamguaniavese1niaen

T1/51n54 The Sugar Engineers (Sugar tech, 2018) ﬁﬁgﬂ‘ﬁ 3.7

310 3.6 MunIMIIagurg VoI I

The Sugar Engineers

Factories | Links | Contact |

Psychrometric Calculations

The formulations used here to calculate moist air properties are based on perfect gas relations published in

1089 ASHRAF Fundamentals Handbook, which should be accurate. Nevertheless, It is strongly recommend
that you to compare the results calculated by this worksheet with a psychrometric chart. There is no error

checking so you should use reasonable input values.

Inputs

Outputs

Unit Chosen: @ ST o IP

Parameter Name  Value Unit Atmospheric Press
Dry Bulb Temp.: Sat. Vapor Press.
‘Wet Bulb Temp.: & Partial Vapor Press.
Relat. Humidit: Humidicy Ratio
Dew Point Temp Enthalpy
Altitnde Specific Volume

717 3.7 Talsunsumsmuiunuaniinvea1na (Sugar tech, 2018)
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A1TNN 3.2 M5IAYTHINTUOUFDNAINANINGITOUUDIUATDIYUAN g

Engine speed (RPM) Volume of fuel (ml)
1,500 8
2,000 16
2,500 16
3,000 24
3,500 24
4,000 24

3.2.4.4

3.24.5
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1 1 < dl 4 ] A
91UAINIINIGTITOVVOUATOIWUAINVOUAAING #3317 3.9
da A ¢
TuuAiavue I3 038UA

I TnansadaueanT i Applied weighing (317 3.8)Tun1581u

AIINA LAZUAAINAVUID AN 3.9

g‘ﬂ‘ﬁ 3.8 Load cell S type
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Engine type TD201 (KOHLER)
Ignition system Electric
Cylinder number 1

Bore (mm) 70

Stroke / Crank radius (mm) 54/27
Engine capacity (cc) 208
Compression ratio 8.5:1

Power (kW) 5.2 @ 3,600 RPM
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System/ECP Thickness 100 mm 150 mm 200 mm
Cool temp. (°C) 243 25.9 26.0
Very low temp. (°C) 1.6 2.9 1.9
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M13197 4.2 AURABUDINAANIAVBILIMATIIIFIAT 0IUANANUNUIVDHY ECP 19111

100 mm
Engine Intake air Humidity =~ Humidity mass Air mass
RH  Density
System speed temperature (°C) ratio flow rate flow rate
(RPM) Dry Wet  (keg/kgy.) (kg/s) %)  (kgm)  (kg/s)
1,500 53.58 31.72 0.02094 0.0000402 22.62  1.043 0.00191
2,000 53.68 31.82 0.02110 0.0000513 2270 1.042 0.00243
Warm 2,500 53.35 31.78 0.02103 0.0000671 22.64  1.042 0.00318
temp. 3,000 51.85 31.18 0.02065 0.0000771 23.76  1.049 0.00375
3,500 53.58 31.28 0.02012 0.0000877 2348 1.044 0.00437
4,000 53.25 31.22 0.02013 0.0000953 22.05  1.045 0.00475
1,500 32.40 27.97 0.02219 0.0000450 71.63  1.117 0.00203
2,000 32.13 27.87 0.02211 0.0000565 72.48  1.118 0.00255
Cool 2,500 32.13 27.90 0.02219 0.0000722 72.67  1.118 0.00326
Temp. 3,000 31.97 28.23 0.02290 0.0000873 75.60  1.117 0.00381
3,500 31.80 28.17 0.02284 0.0001027 76.15  1.118 0.00450
4,000 31.90 28.23 0.02292 0.0001115 75.99  1.117 0.00486
1,500 23.33 18.83 0.01179 0.0000239 65.59  1.170 0.00203
2,000 22.83 18.73 0.01187 0.0000305 68.03  1.171 0.00257
Very
2,500 22.70 18.27 0.01134 0.0000366 65.53  1.173 0.00324
o 3,000 22.60 18.47 0.01162 0.0000453 67.62 1.173 0.00390
temp.
3,500 22.37 18.20 0.01139 0.0000522 67.19 1.174 0.00459
4,000 22.60 18.40 0.01155 0.0000576 67.13  1.173 0.00499

o [ Aa < S o
*‘l’ﬁJ’lfJLT‘iﬁl ﬂTﬁuﬂGlﬁjﬁﬂTJ$'01ﬂTﬁﬂ'E]1!16191,']5$1J1JaﬂQle'ﬂﬂ“1]'E]']ﬂ']ﬁsllﬂﬂ!tﬂﬂ@']ﬂ']ﬁ!ﬂl!ilﬁ&ﬂﬂﬂ@

" W J

Tiawihduan1zenAneud AT 03eUALLLINAGY



48

{ { ' [ Y ' 4 ]
ﬁnﬂﬁ"li"lﬂ‘ﬁ 4.2 ﬁﬂawuﬁmmmuwu ECP im1nU 100 mm W‘]J'Nlﬁﬂﬂ’ﬂllﬁ?]i@‘]_lsllﬂﬁ
A S A dﬂ@’ a A Y A =W A <3 Y a
(ATDNYUANUUU Qm‘i’iﬂ“lli’)TﬂTﬂ‘Vl!,"’IJTL;fLﬂi’ENﬂuﬁﬂﬂ%ﬂﬂﬂullﬂaﬂlaﬂu@ﬂ Iﬂﬂ@mﬁﬂuﬂ
v 4 14 v ]
ﬂ53L']Ji13LLﬁQ"’IJi’N?J”Iﬂ1ﬁﬂi’)Ll!slahLﬂ%‘ﬂ\‘]EJHG]ﬂJ@QﬂWiVIﬂE‘T?JTJLL‘UUE]”Iﬂ”lﬁQLl (Warm temp.) [31¢]

wasA o A Glslg a9y %)J LN a ' g A Jd
FENIN 51-53°C WD LFUIQUHYUVBIUDUIVIFISVUAAYUNHNDINIAND ULV UATOIGUAVD

U

<3 o 9 = a <3| o 9
MINAADULVVBINAEIY (Cool temp.) 3z o IMANgUUNanauiy 31-32°C uazninly
3 2 ¥ g ' A 2 o
WuduInmMIagasreaiududgizuuangungie 1MAYININATO UL LU INMAEUIA
(Very low temp.) 3271 1 guungianaunie 22-23°C n1sanasvesgurgiiiinaiiildna

' Y
MU UVDIDIMAINLTY F0AAZDINUNUITIVDI TURAY MTlINIZHNeY LazAdE (2557)
A s v ¢ A a ' =2 o | s
uar Fawed UsesindnFiaa uazang (2559) AWANOATING Ao MANENgINGT o uAN

A dg@l 9 a = =Y dy 1 9 90’ a9 Y
Nﬂﬁﬂﬂﬂluhlﬂﬂ’m W1ﬂWﬂ1im1ﬂ\‘lﬂﬂJ1mﬂ’ﬂNG}5u WU mﬂ%mqmwgnwmmwgaw’ua@

4
U o

a o q Y A A a0 A2 A ! v v Aq v
Qmwgummﬁ1/11Gl1fiﬂimmﬂamﬁlfuummmm!,uminﬂ 'f)’lﬂ’lﬁﬂ’lf]ﬁ/]ﬂ')’llli@uelﬂﬂ'Uu’W]GlG]f

a 3 ' Yo ] < ¥ Yy o aw
Gluazuumqmwm ‘L!TUNﬁ’JuVLﬂiUﬂ’)13J§E)1!LLﬁ$§$L’Hﬂﬂﬁ1ﬂlﬂuhlf)u1 AOANADINUVITUIVY

U

a J v Jd A Aa . ' vy <
VO YHDYWIA 152N UINTIAN LazAMY (2559) LAY Martinez et al. (2016) A5 1 UGUN

ISP

L] v : N o a 4
msazareveniudslununugszuvangungiionia i ldUsmunnuduiinianas
4 3 A a Ao 1 a 3
iiosnn guugivestinn 1 luszuuanguugioinia iA1a1na1 gurgine1ainn1aues
o Y 2 v o v gol ~Aq Y a 1
pmawn i1l leshlueimanauaa llauhnldlussuvaaguugivinniimssziisues

3 A a 9
il luszuvanguugdgeinis



49

A13197 4.3 AUNABVBINUANITAVEIDINANITIFIATOWUANANNHIVOUEY ECP 1911

150 mm
Engine Intake air Humidity Humidity Air mass flow
RH  Density
System speed temperature (°C) ratio mass flow rate rate
(RPM)  Dry Wet  (kg/kgyy,) (kg/s) (%)  (kg/m’) (kg/s)
1,500 5243 3217 0.02221 0.0000414 25.15 1.048 0.00187
2,000 51.60  32.67 0.02376 0.0000576 28.09  1.048 0.00241
Warm 2,500 51.17  32.13 0.02268 0.0000705 27.33 1.051 0.00311
temp. 3,000 51.57  32.20 0.02266 0.0000829 26.93 1.050 0.00366
3,500 51.93  31.67 0.02133 0.0000931 2477  1.051 0.00437
4,000 5230  32.07 0.02206 0.0001034 25.12  1.049 0.00469
1,500 29.97  28.83 0.02492 0.0000485 91.97  1.121 0.00194
2,000 29.83  28.80 0.02493 0.0000619 92.63 1.121 0.00249
Cool 2,500 29.63  28.80 0.02501 0.0000801 94.00  1.122 0.00320
Temp. 3,000 29.80  29.07 0.02544 0.0000966 94.72 1.121 0.00380
3,500 30.17  29.10 0.02549 0.0001136 94.71 1.120 0.00446
4,000 30.53  29.10 0.02518 0.0001208 90.06 1.118 0.00480
1,500 18.83 15.57 0.00972 0.0000187 71.52 1.192 0.00193
2,000 18.23 15.23 0.00959 0.0000246 73.28 1.194 0.00257
Very
2,500 17.83 14.83 0.00932 0.0000308 73.10  1.196 0.00332
o 3,000 17.87 -~ 15.23 0.00974 0.0000376 76.12 1.195 0.00387
temp.
3,500 17.93 15.50 0.01002 0.0000433 77.95 1.195 0.00435
4,000 17.93 15.40 0.00991 0.0000474 77.13 1.195 0.00480
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M50 4.4 AURAOVBINAUANTAVDIDINANITIFIATOWUANANNHLIVOUIRY ECP 191171

200 mm
Engine Intake air Humidity =~ Humidity mass Air mass
RH Density
System  speed temperature (°C) ratio flow rate flow rate
(RPM)  Dry Wet  (kg/kgy.) (kg/s) (%) (kg/m’) (kg/s)
1,500 53.03 35.00 0.02877 0.0000508 31.39 1.035 0.00176
2,000 52.43 33.07 0.02442 0.0000576 27.49 1.044 0.00236
Warm 2,500 51.87 32.57 0.02351 0.0000707 27.19 1.048 0.00300
temp. 3,000 51.83 33.17 0.02488 0.0000895 28.73 1.046 0.00359
3,500 52.70 33.30 0.02484 0.0001072 27.45 1.043 0.00432
4,000 53.33 33.23 0.02439 0.0001138 26.15 1.042 0.00467
1,500 31.90 29.90 0.02653 0.0000492 88.00 1.112 0.00186
2,000 31.00 29.80 0.02655 0.0000675 91.56 1.114 0.00254
Cool 2,500 30.60 29.80 0.02674 0.0000802 94.27 1.116 0.00301
Temp. 3,000 30.23 29.63 0.02656 0.0001002 95.63 1.117 0.00377
3,500 30.03 29.57 0.02650 0.0001158 96.56 1.118 0.00437
4,000  29.97 29.50 0.02639 0.0001269 96.56 1.118 0.00481
1,500 15.37 10.97 0.00635 0.0000124 58.73 1.212 0.00196
2,000 14.10 10.47 0.00639 0.0000157 64.24 1.218 0.00246
Very
2,500 12.93 10.30 0.00672 0.0000216 72.72 1.222 0.00322
o 3,000 12.17 10.27 0.00700 0.0000270 79.45 1.225 0.00384
temp.
3,500 11.30 10.43 0.00752 0.0000341 90.08 1.227 0.00454
4,000 11.13 10.60 0.00775 0.0000385 93.78 1.228 0.00497
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IS Y 1 a <
PUNNUNDIVIFISVUANYUNHUDINA W3 aLUUeIMAEY (Cool temp.)
MR HUIVULLHY ECP A4 9
Engine Intake air Humidity Humidity mass Air mass
RH  Density
System  speed  temperature ‘O ratio flow rate flow rate
(RPM)  Dry Wet  (kg/kgy,,,) (kg/s) (%) (kg/m’) (kg/s)
1,500 3240 2797 0.02219 0.0000450 71.63  1.117 0.00203
2,000 32.13 27.87 0.02211 0.0000565 7248  1.118 0.00255
2,500 32.13 27.90 0.02219 0.0000722 72.67  1.118 0.00326
100 mm
3,000 31.97 28.23 0.02290 0.0000873 75.60  1.117 0.00381
3,500 31.80 28.17 0.02284 0.0001027 76.15  1.118 0.00450
4,000 31.90 28.23 0.02292 0.0001115 7599  1.117 0.00486
1,500 29.97 28.83 0.02492 0.0000485 9197 1.121 0.00194
2,000 29.83 28.80 0.02493 0.0000619 92.63 1.121 0.00249
2,500 29.63 28.80 0.02501 0.0000801 94.00 1.122 0.00320
150 mm
3,000 29.80  29.07 0.02544 0.0000966 9472 1.121 0.00380
3,500 30.17 29.10 0.02549 0.0001136 9471  1.120 0.00446
4,000 30.53 29.10 0.02518 0.0001208 90.06  1.118 0.00480
1,500 31.90  29.90 0.02653 0.0000492 88.00 1.112 0.00186
2,000 31.00 29.80 0.02655 0.0000675 9156  1.114 0.00254
2,500 30.60 29.80 0.02674 0.0000802 9427 1.116 0.00301
200 mm
3,000 30.23 29.63 0.02656 0.0001002 95.63  1.117 0.00377
3,500 30.03 29.57 0.02650 0.0001158 96.56  1.118 0.00437
4,000 2997  29.50 0.02639 0.0001269 96.56  1.118 0.00481
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(Very low temp.) TANUHUIVOIUAY ECP @14 9|

Engine Intake air Humidity =~ Humidity mass Air mass flow
RH  Density
System  speed  temperature o) ratio flow rate rate
(RPM)  Dry Wet  (kg/kgy,.,) (kg/s) (%) (kg/m’) (kg/s)
1,500  23.33 18.83 0.01179 0.0000239 65.59  1.170 0.00203
2,000 22.83 18.73 0.01187 0.0000305 68.03  1.171 0.00257
2,500  22.70 18.27 0.01134 0.0000366 65.53  1.173 0.00324
100 mm
3,000 22.60 18.47 0.01162 0.0000453 67.62 1.173 0.00390
3,500  22.37 18.20 0.01139 0.0000522 67.19 1.174 0.00459
4,000  22.60 18.40 0.01155 0.0000576 67.13  1.173 0.00499
1,500 18.83 15.57 0.00972 0.0000187 71.52  1.192 0.00193
2,000 18.23 15.23 0.00959 0.0000246 73.28 1.194 0.00257
2,500 17.83 14.83 0.00932 0.0000308 73.10  1.196 0.00332
150 mm
3,000 17.87 15.23 0.00974 0.0000376 76.12  1.195 0.00387
3,500 17.93 15.50 0.01002 0.0000433 7795 1.195 0.00435
4,000 17.93 15.40 0.00991 0.0000474 77.13  1.195 0.00480
1,500 15.37 10.97 0.00635 0.0000124 58.73  1.212 0.00196
2,000 14.10 10.47 0.00639 0.0000157 64.24  1.218 0.00246
2,500 12.93 10.30 0.00672 0.0000216 72.72  1.222 0.00322
200 mm
3,000 12.17 10.27 0.00700 0.0000270 79.45  1.225 0.00384
3,500 11.30 10.43 0.00752 0.0000341 90.08  1.227 0.00454
4,000 11.13 10.60 0.00775 0.0000385 93.78 1.228 0.00497
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UHU ECP
Engine Intake air Humidity =~ Humidity mass Air mass
RH  Density
System speed temperature (°C) ratio flow rate flow rate
(RPM) Dry Wet  (kg/kgyy.) (kg/s) %) (kgm)  (kgs)
1,500 56.13 30.13 0.01640 0.0000298 15.68  1.046 0.00182
2,000 56.17 29.77 0.01569 0.0000379 1496 1.047 0.00243
2,500 55.77 30.10 0.01653 0.0000497 16.01  1.047 0.00301
No ECP
3,000 55.57 30.23 0.01688 0.0000625 16.51  1.047 0.00371
3,500 54.07 29.37 0.01575 0.0000677 16.72  1.053 0.00431

4,000 54.63 29.30 0.01543 0.0000725 15.84  1.052 0.00471
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© Warm temp. Cool temp. Very low temp.

5000 -

4000 - g

3,000 - ot

H =

Power (W)

2,000 .~

13000 I I I I 1
1,500 2,000 2500 3,000 3500 4000

¥ ¥

Engine speed (RPM)

{ v o ' o W o < 4 14
ﬂﬁ 4.6 ﬂ’JmmJW‘u‘ﬁ‘izWJNmm!fﬁﬂ‘umm’Nmi’ﬁa"mlml,ﬂ%mﬂu@]

Qan

D.

NANUHUIVOILHY ECP 19110 Y 100 mm

4 1 $ 1 Y 4 <
103U 4.6 NUNNANVRUIVOIWHY ECP 191111 100 mm 1H0A1INGITOU
A P T A - Y A sa <
VDAUATDIVUMNUYY AEIVDUATOIIUANAVNDYUAIY 11109910 TUNUATALALAVIGITOU
A s A 2 o w A a1 A X A Y Ja
VOUATBIGUANAUNVUY NI1AIVOUATOIIUANA VNG Y 9 1 Tunuadavzanad b
< < < H < A X 2 , '
AMNIFITOVFY ) DA T URANININNIANUEITOUFI ) MIWNIUYINNVIGTITOUAINAAD
o w 4 o ' A {
MAIOUATOIIUANINNIINTAAAYOL TUWUATA awgUuuDveIaunIsh 2.11
a 1 4 4 g { ]
NIAAYUNYNINIANDUI AT DIBUARIBITNITTLHOTITNADTUNUIUD LA
[ o Yo w Ia 1 A 1 9 % Aa v v A I'4
ECP 1191 100 mm v 1in1aauaz Tuuuddaiaunuiy aoandodnua1uIssued Ansuns
o o sa A s A 2
11z tazame (2560) ttag Cesur et al. (2013) Tagiiadauas NHAUAVDUAT DITUAINYUU
4 < 4 ¢ 1w ° o 3
qaga 1.83% NA21015130 UV0UATOIIUANINY 1,500 RPM d1nsunisnadeuuunldi
a I~ 2 ¥y v -
gUUQNHDIMT ULV INIAIU (Cool temp.) UALINUYUFIGA 4.48% NAINITITOUVVD
4 S 1w ) o % < % <
A5 IIUAININY 3,500 RPM dmsumsnaasuuuuldiuguannisazaisveatiudavie
9 1

S W A = @ q 93
HUUDIMALIUIA (Very low temp.) Lwﬂllﬁﬂﬂlﬂﬂﬂﬂﬂﬂ'ﬁﬂﬂﬁfJ'iJLL'iJ'iJhbJﬁlclfu'lHl'lf;ﬁgUUZW]

QUHANOINAWIOLUUDINIAGY (Warm temp.) NANUHUIVOILEY ECP 11110 100 mm



62

©® Warm temp. Cool temp. Very low temp.
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® Warm temp. A Cool temp. Very low temp.
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©® Warm temp. A Cool temp. Very low temp.
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® Air warm temp. A Air cool temp. Air very low temp.
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©® Warm temp. Cool temp. Very low temp.
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© Warm temp. Cool temp. Very low temp.
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©® Warm temp. A Cool temp. Very low temp.
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©® Warm temp. A Cool temp. Very low temp.
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©® Warm temp. Cool temp. Very low temp.
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© Warm temp. Cool temp. Very low temp.
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Engine speed (RPM)
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® CpnoECP A Cp cool temp. 150 mm Cp very low temp. 100 mm

X CvnoECP »* Cv cool temp. 150 mm Cv very low temp. 100 mm
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Engine speed (RPM)
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' 2 < H 1
L‘ﬂ%@\ifJuﬂﬂl@\?ﬂ'ﬁﬂﬂﬁ@ﬂllﬂﬂ@']ﬂ']ﬁlﬂu (Cool temp.) ﬁﬂﬂmwuwmlmu ECP
[ S o
IMNY 150 mm, NTNATDULUUDINALIUIA (Very low temp.) AUV UIUDI

v 9
WU ECP (10U 100 mm memum"lmﬂmuwu ECP (No ECP)
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Engine speed (RPM)
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Engine speed (RPM)
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©® NoECP Cool temp. 150 mm Very low temp. 100 mm
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Engine speed (RPM)
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©® NoECP Cool temp. 150 mm Very low temp. 100 mm
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Engine speed (RPM)
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©® NoECP Cool temp. 150 mm Very low temp. 100 mm
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Engine speed (RPM)
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mﬂgﬂﬂ 471 WU INOATNISITOUUUATDIOUALNNIY ANNEUIa0g
4 a o 1 ] < 4 S 1w 1
FornaesuniziinianadluyIen NN 10UV UATEIEUMNINY 1,500-2,500 RPM Lagifn
A 3 4 3 4 J [ 1 a g‘; 1
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Very low temp. 100 mm
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Engine speed (RPM)
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® NoECP A Cool temp. 150 mm Very low temp. 100 mm
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Engine speed (RPM)
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Engine Intake air Humidity Specific
RH Density
System speed  temperature ("C) ratio volume

(RPM)  Dry  Wet  (kgkg,,) (%)  (m'’kg) (kg/m))

1,500 5358  31.72 0.02094 22.62 0.959 1.04275
2,000 53.68  31.82 0.02110 22.70 0.960 1.04219

2,500 53.35 31.78 0.02103 22.64 0.960 1.04230
Warm temp.
3,000 51.85 31.18 0.02065 23.76 0.954 1.04892
3,500 53.58 31.28 0.02012 23.48 0.958 1.04415
4,000 53.25 31.22 0.02013 22.05 0.957 1.04519
1,500 32.40  27.97 0.02219 71.63 0.896 1.11663
2,000 32.13 27.87 0.02211 72.48 0.895 1.11775
2,500 32.13 27.90 0.02219 72.67 0.895 1.11763
Cool temp.

3,000 31.97  28.23 0.02290 75.60 0.895 1.11702
3,500 31.80  28.17 0.02284 76.15 0.895 1.11773

4,000 31.90  28.23 0.02292 75.99 0.895 1.11723

1,500 23.33 18.83 0.01179 65.59 0.855 1.16961

2,000 22.83 18.73 0.01187 68.03 0.854 1.17148

Very low 2,500 22.70 18.27 0.01134 65.53 0.853 1.17295
temp. 3,000 22.60 18.47 0.01162 67.62 0.853 1.17285
3,500 22.37 18.20 0.01139 67.19 0.852 1.17419

4,000 22.60 18.40 0.01155 67.13 0.853 1.17300
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100 mm
Engine speed Cp Cv k
System
(RPM) (kJ/kg-K) (kJ/kg-K)
1,500 1.086 0.799 1.359
2,000 1.086 0.799 1.359
2,500 1.086 0.799 1.359
Warm temp.
3,000 1.085 0.798 1.359
3,500 1.084 0.797 1.360
4,000 1.084 0.797 1.360
1,500 1.088 0.801 1.358
2,000 1.088 0.801 1.358
2,500 1.088 0.801 1.358
Cool temp.
3,000 1.090 0.803 1.358
3,500 1.090 0.803 1.358
4,000 1.090 0.803 1.358
1,500 1.069 0.782 1.367
2,000 1.069 0.782 1.367
2,500 1.068 0.781 1.368
Very low temp.

3,000 1.068 0.781 1.367
3,500 1.068 0.781 1.368
4,000 1.068 0.781 1.367
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ECP 91171 100 mm

Engine Air mass Fuel mass
delta P Fuel time

System speed flow rate flow rate

(RPM) (Pa) (kg/s) (ml) (s) (kg/s)
1,500 68 0.00191 8 42.40 0.000140
2,000 109 0.00243 16 63.24 0.000187
2,500 186 0.00318 16 47.92 0.000247

Warm temp.
3,000 258 0.00375 24 58.79 0.000302
3,500 352 0.00437 24 51.34 0.000351
4,000 414 0.00475 24 45.89 0.000387
1,500 71 0.00203 8 42.93 0.000138
2,000 112 0.00255 16 66.02 0.000179
2,500 182 0.00326 16 48.18 0.000246
Cool temp.
3,000 250 0.00381 24 61.45 0.000289
3,500 348 0.00450 24 51.00 0.000348
4,000 407 0.00486 24 46.51 0.000382
1,500 68 0.00203 8 42.64 0.000139
2,000 108 0.00257 16 66.49 0.000178
2,500 172 0.00324 16 47.22 0.000251
Very low temp.

3,000 249 0.00390 24 58.96 0.000301
3,500 345 0.00459 24 51.12 0.000347
4,000 408 0.00499 24 47.31 0.000376
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100 mm
Engine intake air ~ Volume
A/F Torque  Power Bsfc
System speed pressure  efficiency
(RPM) (kPa) (%) (N-m) (W) (kg/kW-hr)
1,500 13.71 97.74 70.61 11.2 1,763 0.2852
2,000 12.99 97.72 67.32 12.1 2,532 0.2664
2,500 12.85 97.63 70.33 12.6 3,291 0.2705
Warm temp.
3,000 12.42 97.79 68.77 12.4 3,895 0.2793
3,500 12.47 97.87 69.06 11.9 4,363 0.2895
4,000 12.26 97.87 65.48 10.8 4,530 0.3077
1,500 14.69 97.87 69.78 11.4 1,796 0.2767
2,000 14.24 97.88 65.89 12.3 2,572 0.2510
2,500 13.25 97.87 67.23 12.6 3,299 0.2682
Cool temp.
3,000 13.20 97.77 65.66 12.5 3,925 0.2652
3,500 12.91 97.77 66.31 12.1 4,429 0.2832
4,000 12.73 97.76 62.77 10.8 4,526 0.3039
1,500 14.61 99.47 66.71 11.6 1,824 0.2741
2,000 14.41 99.46 63.25 12.4 2,606 0.2462
Very low 2,500 12.92 99.54 63.69 13.0 3,393 0.2661
temp. 3,000 12.94 99.50 63.90 12.8 4,026 0.2693
3,500 13.21 99.54 64.41 12.4 4,559 0.2743
4,000 13.29 99.51 61.35 11.1 4,651 0.2907
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100 mm
Engine speed  Exhaust Temp. HC CO CoO,
System

(RPM) (0 (ppm) (%ovol) (%ovol)

1,500 459 70 0.23 10.39

2,000 529 52 0.26 9.11

2,500 585 33 0.28 8.66

Warm temp.

3,000 622 23 0.11 10.56

3,500 684 22 0.28 9.82

4,000 718 7 0.22 11.24

1,500 458 61 0.11 9.70

2,000 517 55 0.50 9.63

2,500 575 34 0.30 7.43

Cool temp.

3,000 617 25 0.23 10.24

3,500 677 25 0.32 9.57

4,000 714 9 0.32 11.20

1,500 451 50 0.15 7.33

2,000 522 43 0.14 7.41

2,500 571 31 0.23 8.80

Very low temp.
3,000 604 24 0.15 9.64
3,500 678 13 0.10 9.12

4,000 712 6 0.13 8.80
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Engine Intake air Humidity Specific
RH Density

System speed  temperature ("C) ratio volume
(RPM)  Dry  Wet  (kgkgy.) (%)  (m/kg)  (kg/m)
1,500 5243 32.17 0.02221 25.15 0.954 1.04793
2,000 51.60  32.67 0.02376 28.09 0.954 1.04811
2,500 51.17 3213 0.02268 27.33 0.951 1.05128

Warm temp.
3,000 51.57  32.20 0.02266 26.93 0.952 1.05003
3,500 5193  31.67 0.02133 24.77 0.952 1.05099
4,000 5230  32.07 0.02206 25.12 0.954 1.04864
1,500 29.97  28.83 0.02492 91.97 0.892 1.12088
2,000 29.83  28.80 0.02493 92.63 0.892 1.12134
2,500 29.63  28.80 0.02501 94.00 0.891 1.12196
Cool temp.

3,000 29.80  29.07 0.02544 94.72 0.892 1.12056
3,500 30.17  29.10 0.02549 94.71 0.893 1.12035
4,000 30.53  29.10 0.02518 90.06 0.894 1.11830
1,500 18.83 15.57 0.00972 71.52 0.839 1.19153
2,000 18.23 15.23 0.00959 73.28 0.837 1.19423
Very low 2,500 17.83 14.83 0.00932 73.10 0.836 1.19637
temp. 3,000 17.87  15.23 0.00974 76.12 0.837 1.19547
3,500 17.93 15.50 0.01002 77.95 0.837 1.19466
4,000 17.93 15.40 0.00991 77.13 0.837 1.19485
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150 mm
Engine speed Cp Cv k
System
(RPM) (kJ/kg-K) (kJ/kg-K)
1,500 1.088 0.801 1.358
2,000 1.091 0.804 1.357
2,500 1.089 0.802 1.358
Warm temp.
3,000 1.089 0.802 1.358
3,500 1.087 0.800 1.359
4,000 1.088 0.801 1.358
1,500 1.093 0.806 1.356
2,000 1.093 0.806 1.356
2,500 1.094 0.807 1.356
Cool temp.
3,000 1.094 0.807 1.355
3,500 1.095 0.808 1.355
4,000 1.094 0.807 1.356
1,500 1.065 0.778 1.369
2,000 1.065 0.778 1.369
2,500 1.064 0.777 1.369
Very low temp.

3,000 1.065 0.778 1.369
3,500 1.065 0.778 1.369
4,000 1.065 0.778 1.369
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ECP 91171 150 mm

Engine delta  Air mass flow Fuel mass
Fuel time

System speed P rate flow rate

(RPM) (Pa) (kg/s) (ml) (s) (kg/s)
1,500 64 0.00187 8 43.49 0.000136
2,000 107 0.00241 16 64.21 0.000185
2,500 177 0.00311 16 46.81 0.000253

Warm temp.
3,000 245 0.00366 24 59.23 0.000300
3,500 349 0.00437 24 50.74 0.000350
4,000 403 0.00469 24 46.01 0.000386
1,500 65 0.00194 8 43.83 0.000135
2,000 106 0.00249 16 65.91 0.000180
2,500 176 0.00320 16 47.92 0.000247
Cool temp.
3,000 248 0.00380 19 44.63 0.000309
3,500 341 0.00446 24 51.22 0.000347
4,000 396 0.00480 24 45.97 0.000386
1,500 60 0.00193 8 43.52 0.000136
2,000 106 0.00257 16 69.35 0.000171
2,500 177 0.00332 16 48.26 0.000245
Very low temp.

3,000 241 0.00387 24 57.80 0.000307
3,500 306 0.00435 24 51.28 0.000346
4,000 372 0.00480 24 45.62 0.000389
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150 mm
Engine intake air ~ Volume
A/F Torque Power Bsfc
System speed pressure  efficiency

(RPM) (kPa) (%) (N-m) (W)  (kg/kW-hr)

1,500 13.71 97.88 68.48 11.2 1,766 0.2777

2,000 13.10 97.64 66.44 12.2 2,553  0.2603

2,500 12.30 97.81 68.29 12.5 3,285  0.2772

Warm temp.

3,000 12.20 97.81 66.98 12.6 3,958  0.2728

3,500 12.48 98.01 68.49 12.2 4,465  0.2822

4,000 12.15 97.90 64.50 11.0 4,591  0.3028

1,500 14.39 97.46 66.69 11.3 1,777  0.2737

2,000 13.85 97.46 63.97 12.2 2,559  0.2531

2,500 12.95 97.45 65.82 12.7 3,323 0.2677

Cool temp.

3,000 12.29 97.38 65.24 12.7 3,984  0.2795

3,500 12.86 97.48 65.59 12.1 4,424  0.2821

4,000 12.42 97.42 61.88 11.0 4,600  0.3024

1,500 14.15 99.80 62.16 11.3 1,777  0.2756

2,000 15.06 99.82 62.10 12.3 2,581  0.2382

Very low 2,500 13.52 99.86 63.98 12.7 3,326 0.2656
temp. 3,000 12.60 99.80 62.27 12.9 4,039  0.2740
3,500 12.57 99.75 60.04 12.3 4,498  0.2772

4,000 12.34 99.77 57.99 11.3 4,721  0.2969
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150 mm
Engine speed  Exhaust Temp. HC CO CO,
System

(RPM) (0 (ppm)  (%vol)  (%voD)

1,500 469 57 0.19 7.97

2,000 525 41 0.25 7.83

2,500 582 32 0.43 8.47

Warm temp.

3,000 628 21 0.40 10.15

3,500 684 17 0.22 10.61

4,000 724 9 0.29 10.70

1,500 473 71 0.74 9.92

2,000 528 50 0.51 9.67

2,500 575 37 0.42 9.71

Cool temp.

3,000 628 23 0.53 7.11

3,500 684 12 0.16 6.81

4,000 721 14 0.53 10.50

1,500 467 60 0.25 9.63

2,000 520 43 0.28 9.42

2,500 582 27 0.20 8.36

Very low temp.
3,000 645 29 0.53 9.64
3,500 681 12 0.13 8.66

4,000 711 9 0.24 8.40
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200 mm

Engine Intake air Humidity Specific
RH Density

System speed temperature ("C) ratio volume
(RPM) Dry Wet  (kgkgy) (%) (mkg)  (kg/m’)
1,500 53.03 35.00 0.02877 31.39 0.966 1.03546
2,000 52.43 33.07 0.02442 27.49 0.958 1.04439
2,500 51.87  32.57 0.02351 27.19 0.955 1.04768

Warm temp.
3,000 51.83 33.17 0.02488 28.73 0.956 1.04558
3,500 52.70  33.30 0.02484 27.45 0.959 1.04286
4,000 53.33 33.23 0.02439 26.15 0.960 1.04157
1,500 31.90  29.90 0.02653 88.00 0.899 1.11195
2,000 31.00  29.80 0.02655 91.56 0.898 1.11435
2,500 30.60  29.80 0.02674 94.27 0.897 1.11552
Cool temp.

3,000 30.23  29.63 0.02656 95.63 0.895 1.11714
3,500 30.03  29.57 0.02650 96.56 0.895 1.11804
4,000 29.97  29.50 0.02639 96.56 0.894 1.11846
1,500 15.37 10.97 0.00635 58.73 0.825 1.21239
2,000 14.10 10.47 0.00639 64.24 0.821 1.21760
Very low 2,500 12.93 10.30 0.00672 72.72 0.818 1.22195
temp. 3,000 12.17 10.27 0.00700 79.45 0.817 1.22470
3,500 11.30 10.43 0.00752 90.08 0.815 1.22741
4,000 11.13 10.60 0.00775 93.78 0.815 1.22767
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200 mm
Engine speed Cp Cv k
System
(RPM) (kJ/kg-K) (kJ/kg-K)
1,500 1.101 0.814 1.353
2,000 1.092 0.805 1.356
2,500 1.091 0.804 1.357
Warm temp.
3,000 1.093 0.806 1.356
3,500 1.093 0.806 1.356
4,000 1.092 0.805 1.356
1,500 1.096 0.809 1.355
2,000 1.097 0.810 1.355
2,500 1.097 0.810 1.354
Cool temp.
3,000 1.097 0.810 1.355
3,500 1.096 0.809 1.355
4,000 1.096 0.809 1.355
1,500 1.058 0.771 1.372
2,000 1.059 0.772 1.372
2,500 1.059 0.772 1.372
Very low temp.

3,000 1.060 0.773 1.371
3,500 1.061 0.774 1.371
4,000 1.061 0.774 1.371
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ECP 91171 200 mm

Air mass Fuel mass
Engine speed  delta P Fuel time

System flow rate flow rate

(RPM) (Pa) (kg/s) (ml) (s) (kg/s)
1,500 58 0.00176 8 43.95 0.000135
2,000 103 0.00236 16 63.95 0.000185
2,500 166 0.00300 16 49.20 0.000241

Warm temp.
3,000 237 0.00359 24 60.66 0.000293
3,500 344 0.00432 24 50.75 0.000350
4,000 402 0.00467 24 46.06 0.000386
1,500 60 0.00186 8 44.01 0.000135
2,000 112 0.00254 16 63.30 0.000188
2,500 156 0.00301 16 49.34 0.000240
Cool temp.

3,000 245 0.00377 24 59.04 0.000301
3,500 329 0.00437 24 50.91 0.000349
4,000 398 0.00481 24 46.80 0.000380
1,500 61 0.00196 8 43.99 0.000135
2,000 95 0.00246 16 69.69 0.000170
Very low 2,500 163 0.00322 16 49.00 0.000242
temp. 3,000 232 0.00384 24 62.30 0.000285
3,500 323 0.00454 24 50.81 0.000350
4,000 386 0.00497 24 46.82 0.000379
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200 mm
Engine intake air ~ Volume
A/F Torque Power Bsfc
System speed pressure  efficiency

(RPM) (kPa) (%) (N-m) (W) (keg/kW-hr)

1,500 13.05 96.89 65.35 11.1 1,745  0.2781

2,000 12.77 97.55 65.29 11.8 2,474 0.2698

2,500 12.49 97.68 66.19 12.3 3,232 0.2684

Warm temp.

3,000 12.26 97.47 66.02 12.3 3,860  0.2734

3,500 12.34 97.48 68.26 11.7 4,302  0.2931

4,000 12.10 97.55 64.63 10.8 4,533 0.3065

1,500 13.81 97.30 64.25 11.1 1,742 0.2782

2,000 13.59 97.22 65.85 11.8 2,477  0.2726

2,500 12.52 97.19 62.17 12.3 3,211 0.2695

Cool temp.

3,000 12.55 97.22 64.98 12.3 3,857  0.2811

3,500 12.53 97.23 64.46 11.8 4,343 0.289%4

4,000 12.68 97.25 62.06 10.7 4,500  0.3037

1,500 14.58 100.34 62.30 11.3 1,769  0.2742

2,000 14.48 100.33 58.20 12.1 2,545  0.2416

Very low 2,500 13.32 100.28 60.78 12.6 3,288  0.2649
temp. 3,000 13.49 100.23 60.38 12.6 3,963  0.2592
3,500 12.98 100.15 60.96 12.2 4,486  0.2808

4,000 13.09 100.11 58.36 11.1 4,656  0.2935
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200 mm
Engine speed  Exhaust Temp. HC CO CO,
System

(RPM) (0) (ppm) (%vol) (%vol)

1,500 464 80 0.82 9.52

2,000 514 47 0.24 8.79

2,500 566 38 0.43 9.97

Warm temp.

3,000 619 25 0.46 9.34

3,500 681 19 0.33 9.72

4,000 719 10 0.29 10.17

1,500 467 66 0.47 8.90

2,000 515 47 0.11 9.37

2,500 573 31 0.35 7.69

Cool temp.

3,000 621 22 0.36 9.47

3,500 669 19 0.36 8.97

4,000 719 8 0.29 9.37

1,500 457 71 0.41 9.46

2,000 508 43 0.06 9.14

2,500 566 25 0.14 8.26

Very low temp.
3,000 624 17 0.05 8.60
3,500 681 13 0.13 9.90

4,000 716 5 0.06 9.41
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Engine Intake air Humidity Specific
RH Density

System speed temperature ("C) ratio volume
(RPM) Dry Wet  (kg/kgyya) (%) (m’kg)  (kg/m’)
1,500 56.13  30.13 0.01640 15.68 0.956 1.04559
2,000 56.17  29.77 0.01569 14.96 0.955 1.04663
2,500 55.77  30.10 0.01653 16.01 0.956 1.04656

No ECP

3,000 55.57  30.23 0.01688 16.51 0.955 1.04663
3,500 54.07  29.37 0.01575 16.72 0.949 1.05326
4,000 54.63  29.30 0.01543 15.84 0.951 1.05195

AMTNHUINT N 17 ﬂ’JﬁJ%huﬁi%WW%ﬂlfN@Wﬂ"lﬂﬂl@ﬂﬂ”lﬁTlﬂﬁ’E)”Uﬁﬂ’J"liJﬁuﬁJﬂ\iju ECP tmny

A n Yya g’/ 1
0 mm %90 11 1dAAA KU ECP

Engine speed Cp Cv k
System
(RPM) (kJ/kg-K) (kJ/kg-K)
1,500 1.077 0.790 1.363
2,000 1.076 0.789 1.364
2,500 1.078 0.791 1.363
No ECP
3,000 1.078 0.791 1.363
3,500 1.076 0.789 1.364
4,000 1.076 0.789 1.364
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MINHUINT N 18 EJG]3111’7aLG]N3J’JaGUENﬂ?ﬂWﬂLLﬂZL%ﬂLWﬁQﬂJ@Qﬂﬁﬂﬂﬁﬂﬂﬁﬂ’ﬂi]ﬁuﬁl@ﬁlmu

1w A " Yya g}z ]
ECP i(MHYU 0 mm ma‘lu"lﬂmmuwu ECP

Air mass Fuel mass
Engine speed  delta P Fuel time

System flow rate flow rate

(RPM) (Pa) (kg/s) (ml) (s) (kg/s)
1,500 61 0.00182 8 43.37 0.000137
2,000 109 0.00243 16 66.57 0.000178
2,500 167 0.00301 16 48.30 0.000245

No ECP

3,000 253 0.00371 24 59.19 0.000300
3,500 338 0.00431 24 50.88 0.000349
4,000 405 0.00471 24 45.65 0.000389

{ 4 D’ d‘ ) 1 %
ATWNUINT 19 ﬁmmuzmmm’%mﬂummmimaauwmmwuwmuwu ECP mn1nu

G 1 Ya g’; 1
0 mm %50 11 1daad LY ECP

intake air Volume

Engine speed A/F Torque Power Bsfc

System pressure efficiency

(RPM) (kPa) (%) (N-m) (W)  (ke/kw-hr)

1,500 13.34 98.77 66.97 11.4 1,784  0.2757

2,000 13.65 98.88 67.00 12.2 2,556  0.2511

2,500 12.28 98.75 66.39 12.5 3,283 0.2691
No ECP

3,000 12.36 98.70 68.12 12.6 3,957  0.2732

3,500 12.33 98.87 67.38 12.2 4486  0.2803

4,000 12.10 98.92 64.52 11.2 4,693 0.2987
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MIAUINT 1 20 panw leldoueuaTosouAUeIMSNATOUAANUWINIUDILAY ECP 1117

A " Yya g}z 1
0 mm %50 1 1aAAAaLIHY ECP

Engine speed Exhaust Temp. HC CO CO,
System
(RPM) (0) (ppm) (%vol) (%vol)
1,500 456 50 0.18 8.13
2,000 507 34 0.14 7.79
2,500 561 29 0.19 5.34
No ECP
3,000 611 20 0.14 8.54
3,500 675 14 0.16 9.05

4,000 717 7 0.17 9.31
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ATAIUINILINAIDEIINANTNATOUNAIUHUIVOILHY ECP 110U 100 mm 7
<3 4 Jd 1w 1 o ]
AT ITOUVOIATOIGUAININY 1,500 RPM HAA1IAITNAUVYBULAY Orifice 68 Pa L1ag
Ia | Y a v 4 4
Tuuddamny 1.2 N-m guuginszilsizudevesomanowduniosoud 53.58°C uag
a = U 9 d‘ 4 o 3’; o 1 a 1
gaviginizilszidlenvesormanewduniosoua 31.72°C mnuuihaguvgil T
[l 4
AuauiaveseImadu 9 11nns i lalnswain 1214 oasidaunudu 0.02094 kgkg,,,

F4
v o ¢ o
ANUFUTUNNT 22.62%, YTHIATIUNIE 0.959 m/kg

1 MMM MENTAIMA
11 MSAIIMANNHU MUY IMA

fvuald v =0.959 m'/kg

1.2 MIAMIUOATINS IHaIT I Iau 99104
fmualid €, =0.6, d =18.51 mm, 77 =22/7, AP =68 Pa

2

d
i, =C, e 2pAP

(22/7)(0.01851)°
. =(0.6) J2(1.04275)(68)

4

rha =0.00191 kg/s



1.3

14

1.5

1.6

MIMUIUOATINS 11T I VDAY DINAS

fmualid P =740 kg/m’, V =8 ml, t=42.40s

PV (740)(8/10°)

m, =0.00014 kg/s

t 42.40

MIMUIUOAITIUDIMAADIT NS

m, 0.00192

=13.71
m_ 0.00014

MIMUIVANNAUVOIDINA

muald 0 =1.04275 kg/m’, R = 0.287 kl/kg-K, T = 53.58 °C
P = ORT = (1.04275)(0.287)(53.58+273) = 97.74 kPa

miﬁmammm%auﬁuwwmmmmﬂ

fvualy H=0.02094 kg/kg,., R =0.287 kl/kg-K

Cp = 0.25+0.45H = 0.25+0.45(0.02094) = 0.259 kcal/kg-K

C, = 4.186(0.259) = 1.084 kJ/kg-K

C, =C -R=1.084-0.287=0.797 kl/kg-K
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1.7 MIAMHIUDATITIUANNITDUI UL

miﬁmumammuwmm%aﬂuﬁ
o a A d' d
2.1 mimuanizaﬂﬁmwﬂ‘%mmmmmsmﬂum

fvuald N=1,500 RPM, n=2 , V, =208 cc

nn'na (2)(0.00192)
n = = =0.7081 = 70.81 9,

© PN (1.04275)(208/10° )(1,500/60)

o o v 4 d
2.2 ﬂ1§ﬂ1u]mﬂ1ﬁﬂm@ﬁ!ﬂgﬂﬁﬂuﬂ

fvual £=22/7, N=1500 RPM, T=11.2 N-m

27TNT  (2)(22/7)(1500)(11.2)

Pb :V.Vb
60 60
P =1,760 w

o qu = &’ a o 4‘ d
2.3 ﬂ1§ﬂ1u3mﬂ3]3~lﬁu!ﬂﬁ@ﬁ!“ﬂ@!WﬂQﬂ“W]gm@Q!ﬂi@\‘lﬂuﬂ

BSFC = (7.954x10 " )(1,000)(3,600) = 0.286 kg/kW-hr
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lwfiu 4 §m2z 1 @u vum 163 cc fitin HONDA U GX160 IaalHi8nsliATzild
faan vnisnEouisuaussousrenainuiduivaussouzvanalawudian
qnm:15.“1a“|n’mﬂ'amﬁuﬁaanuﬁﬁm?ﬁ'mﬁ:mm.:::'l (Evaporation) fiwus lAan17z
amAludmizea (Intake) uaqtﬂgaqauﬁlﬁuﬁqmnqﬁ 50°C AauBuUALWNG 57 %
uﬂ:ﬁﬂ'1‘]3EI‘]ﬂ”IH1‘1..Iﬁ’~i'-‘I']:ﬂﬂ'ﬂﬂﬂlﬂg‘ﬂﬁﬂuﬁﬁaﬂﬂ.m‘lﬂﬂmﬁﬂ”lﬂ”ll‘lf‘iii‘l.lli‘]lﬂgﬂx‘lﬂuﬁﬁ‘w
'ﬁm‘i‘i:mafﬁqmﬁqﬁ 40 pIAEAEDA AEUAIRNE 100 % PTIATIEIE
#LaTwuIn ﬂ'ﬁaﬁqmﬂqﬁﬂﬂmﬁﬁamﬁuﬁ?mﬂuﬁﬁiuﬁ"ﬁ'ﬂ'ﬁ‘i:mm% AzvilwAY
wmﬂuuazmmiu'lummﬂqaﬁu LEZAIR TN TEUT ST eNMARRAT Lﬁaqmﬂqﬁ
FNIARIUT AP IUARIAY SZENA LIS AUSIUATNE ALY 3.806 % uazdnT

msduilfantambafinimianas 0.712 % disiouivanssousteafsooudiay

a = -4 Fay ] -4 &
ﬁ’iﬂ"’]ﬁm: LH"EEI&BWI.I.F‘IE‘EI'H‘HU, FLFIOUSUR ST N8 UA




Abstract

This research aim was to analyze the thermodynamics performance of
“ HOMDA GX160" | a 163 cc single cylinder 4 strokes gasoline engine by
numerical analysis. A comparison of engine performance between the original
engine and the modified engine that was reduced the inlet air temperature by
water evaporation were discussed. The condition of air intake to the original
engine is 50°C in temperature and 57% in relative humidity and for the
madified engine, the conditions of air intake is 40°C in temperature and 100%
relative humidity were selected. The analysis found that reducing the
temperature of the air before take in the engine with the water evaporation
influences on the increasing of density and humidity of intake air and
decreasing its heat capacity. The reduction of air intake temperature provides a
3.786% of increasing in torque and power of engine and reduced a 0.712 % of
the specific fuel consumption when compared to the original engine

performance.
Keywords: gasoline engines, engine performance
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unifuFugaiia 593,960 duum (nsussiandany, 2558)
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UszAvBnmmainuesaaiasudifibizunsoililiguaniulunueanm e
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nsszvediwuuindeavwmaiosaudiuudu 4 Jawaz 1 du wudnaunsouiy
Uszdniaml3uasiu 1.06% aaniiloddudammdaaalaninnd 30% e
wiruisuduaiassuddaudsiuililafa szuuansumgionma luszezaniu
waslei, 4 diluafifuntszeihiy wenTmageuniraulagAue Suuned uaz
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Figure 1 P-V.and T-S diagrams of Ideal Otto Cycle (19%4)) fumATsg, 2546)
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Py = Py(1/r )" (5)
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aunTi 7 uas 8

sl ludnnzdauuulowlnsia Wy = mR (T-T,)/(1-k) (7

MR (T,-T /(1K) (8)

silaluinnzhauulowulnsia W,
fnammdnusneeaniswudanaunisi 9
Wp = 1) m WN/n ()]
Famusiinva sl swuitonauaisd 10
T = W,/2TIN (10)
uazAmnanATAuHandBmE Mg 9naumTi 11
BSFC = I /W ,, (11)
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anmraniAfiaiassudldlunisduand gndtassannzeniAnaud,
winousiiilu 2 wuu Ae Luuuitgan@lni (Normal intake air temperature) 2.
] - . w e £ mes H 2 3
wuuiiiimianguugiiamaneuiiaiaseudaiieidnisszinedi (Low intake air
temperature) Faazyiliian Humidity fifingannauia 100% Aranizuasenaily
lumsveaswuansnind 1 duauauifvesemenaneilulauniinddwddoya

N 1AW AumaTsg (2506)

Table 1 Conditions of intake air temperature

Condition of Air Normal intake air temp. | Low intake air temp.
o
Temperature ( c) 50 40
Humidity (%) 57 100
3
Density (kg/m ) 1.02 1.05

'3

nmyeeikaneisiswaatlaoldiaiaswud Honda ju GX 160 wuy

e

Wwamduuudu alumszasd 4 Jmag 1 gu 163 §3 ddadunsdaniniu 9 ssoz

N 4.5 wu.

Figure 2 Honda GX 160 Engine (hondapower, 2560)
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Table 1 Temperature in the cycle

Temperature (K) Normal intake air termp. Low intake air temp.
Ty 323.000 313.000
Tz 770815 751.923
T, 3,969.983 3,972.938
T 2,163.31% 2165098

Table 2 Pressure in the cycle

Pressure (kPa) Normal intake air termp. Low intake air temp.
P, 101 101.000
Pa 2,180.601 2,183.701
Ps 11,172.093 11,538.022
Pa 676465 698.611

1A 1 Izdiuda uuuﬁﬂmsﬂﬂqmﬂqﬁmmﬁriami’nﬁ’i’-mauﬁq:ﬁ
sumgiiusuvasiginsshniuuulienimng widiadiidnszuumsdaly gumgi
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Torgue Power

W normal intake air temp. [l Low intake air temp. W rormal intake ar temp. [ bow intake air temp.

123 -

128 J
127 a
124 '. -
125
124 4
123 -
122 .
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1000 3000 4000 5000

1000 2000 3000 4000 5000

Tomue Mml

Break Power (hal

[X]

Engine spead (APM) Engine speed (RPM)

() (b)
Figure 1 (a) Show the relationship between the torque and engine speed
(b) Show the relationship between the break power and engine speed

o 4 Y o e = - &
Aruduiuivennlsveusiassuiiua i sauteusTaisuduanalugy
i 1a Lﬁdﬁﬁ‘ﬂﬂﬁl.ﬁfiilﬂf_l‘l.lﬁi:ﬂﬁ‘]l‘r‘i'lﬁ"l.lﬂﬂﬁ'l'll.ll‘?’.l'ﬁlu‘ﬂﬂQLH.‘%BGEIHIﬁ wALTIlATE
oA I d n, . o - ged o T e 5w
wisssuduuuiiiinassumpliomanauiuaiaseudiifmginidafouiuiuuild
anElng

AERS TeaiduUInve AR IRIedEdURTI WS IsauT e AT Ran uAuaRaly

7Uil 1b Mdnusnveasissewazifniun AT vreuaTaoud finnns




161

saudgiuidauineaaaiaseuduuviiiinansumpiananiswiiaTosudia
ganiuuviilgainiAung
wnaauazirduusnearisssuduvuidnisanauugilainianouids
wissgudeziiAiginduuuiildeinaUnd 3.846% diaevifinauiiisevnes
winssudaeiu aafivdureasadauazdidwuinveaaiassudidunaunain
n wr wf e eE - . w - ¥ o & W
guuiinazaruduiifiniuanmandouwaannzanmaneudiaiaseud ilv

snnmsrenefuuulasinitamewdinszuiunneiniilag sty

bisfic

W noemal intake aie temp. W ronmal intake ar temp.

hhLLL

Engine speed [FPM)

260

258

Z58

bsfc fgmyii-hrl

257

256

Figure 2 Show the relationship between the break specific fuel consumption
and engine speed
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o Abstract

= This research stidy was investigatetithe effect of temperatiite and-humidity of intake air on the perfarmance of a
= small multi propose engine.  The.single- g/linder 208 i’ fadr=strokes gasoline engine as tested at speed 1,500~
0 8,000 min™. The pad type evaparative air cooling systern (model 7090 size wx | is 3aET em® 100 mim thickness)
» was applied to produce a low temperature air intake to the engine. The engine performance testing was divided
= into 3 types by air cooled from water termpersture at 23.7°C, 0.57C in evaporative cooling system and air without

» water cooling (intake air ternperature to the engine is 55°C) The result shown that the reducing of air termperature
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» before taking in to the engne by the water evaporative cooling systern influences an the increasing of density,

2 relative humidity and pressure of the intake air. The low termperature of intake air provides an engine torgue and

» power. The power increases 3.21% at 2,000 min? of engine speed (use water 23.7°C) and 7.76% at 3,500 min? {use

awater 0.57C) and the specific fuel consumption reduces T7.00% at 3,500 min™. the exhaust temperature and HC-

= emissions are decreased when compare to the air intake without evaporative cooling system.

« Keywords: Evaporative cooling, Engine testing, Engine performance
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Abstract

This research study was to investigate the influence of intake air temperature on the
performance of a multi-propose small gasolme engine. The four-strokes gasoline
engine with single-cylinder of 208 cm® was tested at speed of 1,500-4,000 RPM. The
intake air temperature was prepared in case of 1) warm temperature that was like the
air around the engine at 50°C - 55°C and room humidity 2) low temperature, warm air
was cooled by using evaporative cooling pad system (ECP) with the room
temperature water and 3) very low temperature, warm air was cooled by using the
ECP system with 0.5°C of cool water. The engine performance was tested on the
water break dynamometer to determine torque, speed, fuel consumption, air induction
rate. The result shown that the redueing air temperature before taking into the engine
by ECP system influences on the increasing of density, relative humidity and pressure
of the mtake air. The low temperature of intake air provides an engme torque and
power increasing. The power increases 3.21% at 2000 RPM of engine speed (use
room temperature water) and 7.76% at 3,500 RPM (use cool water) and the specific
fuel consumption reduces 7.04% at 3,500 RPM. The exhaust temperature and HC
emissions are decreased when compare to the warm intake air.

Keywords: Evaporative cooling, Intake air temperature, Engine testing, Engine
performance
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Introduction

Small mult: propose gasoline engine 15 a world wild favor uscful engine. Because this
engine is not expensive, casy to control the speed, installation, power transmission,
and have an accuracy control system. In Thailand, small mults propose engines are
used in water pump, clectricity generator, power for agricultural machinery such as
two wheels tractor, mowers, fertilizer and chemicals sprayer, chopper machine and
tools for cultivation, etc. Although this engine is highly popular, but it has a problem
in operation because 1t cannot provide the high theoretical performance in practical
applhications. Especially the stationary engine, the air around the engine accumulates
heat from the engine cooling system and changes to be the warm air at 50°C - 55°C
due to the engine 1s runming. At this temperature, the air 1s low pressure than cool air
and has low density too. Unavoidably, this warm air will be taking into the engine and
cffects the engine thermal efficiency to low value in finally. Therefore, the reducing
of intake air temperature is important and can directly improves the engine
performance without difficultly modify the engine components. The reducing of air
temperature by water evaporative cooling is a simple method. Using free water
surface on the wet porous pad (or Evaporative air-water cooling pad system, ECP)
(Fig. 1), the warm air can flow pass and losc its heat to the water. At the same time,
the heat that water was received in form of latent heat change the liquid phase of
water to be a gas phase. After that, it mixed within the air and flow out from the
system. So, this method must increase the humdity of air ever (Papakac et af., 2017).
At present, the ECP was most applied i an air conditioning system. Because 1t is a
simple system, not complicated cquipment, designed to be a compact and more ability
to reduce air temperature down 15°C from room temperature. The low temperature air
by this technique can increase 10.6% of overall air conditioning cfficiency and
decrease 11.4% of compressor power consumption (Martinez et al., 2016).

Figure 1: Evaporative cooling pad.

Many rescarchers are interested to study about the effect of @ir temperature on the
engine operation. Sajovaard ef al. (2015) reported that the reducing of air temperature
before inducting to the engine can reduce the NOx enussion and exhaust temperature
of dicsel engine, and the effect of steam or water filled into the gasoline engine is it
can reduce fuel consumption by 6.44%, reduce NOx emissions by 40%, reduce HC
31.5% (Cesur er al, 2013). The using of water on diescl engine had ability in exhaust
smoke reduction (Sahin er al, 2012).
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From the advantages of ECP system and low temperature and moist air induct to the
engine on performance and emissions, this rescarch aims to siudy the mfluence of air
that was reduced the temperature by ECP syvstem on the intake air properties,
performance and emission of the engine exhaust gas.

Materials and method

I} Test apparatus

The test apparatus from TecQuipment model TD200 wse the single cylinder 4 strokes
gasoline engine (Fig. 3) that had Bore size 70 mm, Stroke/Crank radius (mm) 5427,
Engine capacity 208 cm’, Compression matio £.5 and Power 5.2 kW, The schematic
diagram of this experiment was shown m Fig. 2. The engme shaft of test apparatus
was connecied to the shaft of the water break dynamometer. The intake air was
pumping by the engine cylinder and flow through the evaporator (or ECP) to the
engine cylinder. In this system, the intake air is not the warm air around the engine
like: an actual engine operation because the cooling system (evaporator) is adding and
the air inlet duct s far from the engine (Fig.3). For solving this problem, the air heater
was installed in the test apparatus to create and keep the warm intake air for the
engine similar an actual engine operation.

2) Evaporative Cooling Pad (ECP)

The ECP model 7090 with a dimension of 30 x 27 cm® in W x H and 100 mm of
thickness was modified to the intake air cooling sysiem (Fig. 3). The water in the
cooling system was flow through the pad and circulated between pad and water tank

by electric pump.
3} Experiment

An intake air temperature was in gase of 1) warm intake air similar to the air
around the engine at 50°C - 55°C and room humidity by use the air heater (not use the
water in this case) 2) low temperature intake air by the use of evaporative cooling pad
system { ECP) with the room temperature water and 3) very low temperature intake air
by using the ECP system with cool water temperature of 0.5°C. In the testing, the
butierfly valve of the engime 1s wide open and breaks the engine with a constant load
for mvestigating torque (M m), fuel consumphion (ml), ar induchion rate (kg's) and
emission in term of exhaust temperature ('C) and HC (ppm) at the engine speed of
1,500, 2,000, 2,500, 3,000, 3,500 and 4,000 RPM respectively.

For the measurement, engine torgue was measured by S5-Type load cell. Air
temperature and humidity were measured via a dry and wet bulb temperature of air
with thermocouple type K. The engine exhaust emissions were analyzed by an
automotive cmissions analyzer (HORIBA Model MEXA-S84L):
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Figure 2: Schematic diagram of experiment system.

Figure 3: Equipment in the experimental system.
The engine performance was cvaluated by (1) and (2) (Heywood, 1998)

W, =2aNT
() -
Where W, is engine break power (kW)
N is engine speed (rev/s)
T 1sengine torque (N.m)
e
e W.

(2)
Where by 15 break specific fuel consumption (g/kW.hr)
& is rate of fuel consumption (kg/s)




Result and discussion

Table 1. Properties of intake air

- Absolute
Intake air Temp. (°C) Dmﬂ?' humidity RH
Drybulb | Wt bulb {kg/m’) ez | O
‘Warm temp. 528 343 1.03%0 002705 208
Low temp. EIN 26.6 11254 002098 752
Very Low temp. 219 168 1.1TER O0iES 6.1

The expermment resulis showed that the reducing of air femperature before taking mio
the engine with the ECP system effects on the air properties. From table 1. the inlet
supplied air temperature to the test apparatus is equals in every experiment and
constantly controlled the air temperature at 52.8°C (warm air) by the heater. On the
first row of table 1. the warm air is not cooled by the ECP and directly intake to the
engine with the high temperature, so the density of air is lowest. After the warm air is
cooled by ECP (the 1% and 3™ rows of table 1), the using of water at room
temperature (around 23.7°C) in ECP system can reduces the temperature from 52.8°%C
to 31.1°C and can increases the air demsity to 11254 kg'm’. This temperature
reducing trend 15 similar to the case of very low temperature intake air when using the
cool water at 0.5°C mn ECP system. In term of moisture, the relatrve humidity 15
increasing when the intake air was cooled by ECP. In fact, the mass of water in air is
not increase, on the other hand it is decrease because the dew temperature of the inlet
air (warm air) is higher than the ECP temperature. As a result, 8 water in Warm air is
condensed at ECP and be the cool and dry intake air in finally.

The air density and temperature were used to caleulated by Gas law (Cenged, 2004) to

determine the intake air pressure and the relation between the pressure and engine
speed was shown i Fig. 4.
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Figure 4: Relation between intake air pressure and engine specd.
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From Fig. 4, the intake air pressure is almost unchanged when the engine speed
increase. The effect of intake air temperature reducing is increased the intake air
pressure because of the increasing of air density. At the very low temperature of
intzke air, the pressure is highest and increases closely tol(0 kPa.

For the measured torque that was produced by the engine, the result found the
reducing of intake air emperature can increase torque in every enginge speed. The
magmitude of torque 1s mereasing when the intake air temperature 1s more decrease
and the muomum torque occur at 25000 RPM engine speed. Becanse the higher air
mass (by the mcreasing of air density) and pressure was induced to the engine, the
maximum pressure in cylinder after power stroke 15 nsing and create the higher torque
in finally. The torque imcreases 3.21% at 2,000 RPM of engine speed {use water
23.7'C in ECP) and 7.76% at 3,500 RPM (use water 0.5°C in ECP) when compare to
the warm intake air. This effect was shown in Fig. 5.

In term of the engine power from Fig. 6, when the engine speed increased, the power
of the engine also increased too. Stmilar to the trends of increased torque when itake
air temperature is reduced, the engine power 15 continuously mncreasing because it 15
the mulitplied result of torgue and engine speed, although the last engme speed the
value of torque 15 decreased but the miluence of speed n (1) 15 more effect than the
value of torgue.

s . Acsellemp. W very oo banp S temp. ool semp. ¥ veny low bemp.
13 = | - 000
UL | 3.1
- - ™ . e
' — e, ‘ LA
Tn ,_,».____.--i A S | a-;;,!;
g g ey £ o
¢ f 3~ " § = o
Euw T 2 ﬂs.'
& -
[
12 1000
L= 2000 500 MO 1500 A0 L5000 nm FLi 3000 5500 A0
Engine speed (RP&) Engine spead (RFM)
Figure 5: Relation between torgue and Figure 6: Relation between power and
engine speed. engine speed.

The fuel/air ratio of the cool intake air is reduced (Fig. 7) by the influence of air
temperature reducing because the rate of fuel consumption is almost constant in any
imteke air temperature, but the air consumption has a rising trend when its temperature
is decrease.
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Figure 7: Relation between air (left axis) - fuel (nght axis) consumption and engine
speed.

The relation between the by and speed of the engme 15 presented in Fig. 8, the by
was decreased when engine speed mercase from 1,500 to 2,500 RPM and after that
tmdmmauuvdmdwmgmcspadulmuwdofwuylnukcurmpcm
Considenng on intake alrmmmwﬂwhcnthcmmkcaumpcmmmu
rcthced,thcb.gofﬂtcmgmewasmcdhecmcthcpowofcngmcwudeuly
increased (fig.6) while the fuel consum was shightly increased (fig. 7). The b of
the engine was decreased 5.54% at RPM of engine speed (use water 23.7°C in
ELP)md704%5135@RPM(lseﬂllcfoy(.‘inECP)wixncompemlomewm
temperature intake air.

*wanmtemp.  Acooltemp W very low temp
0.35 -

0.20 L~ \
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Figure 8: Relation between break specific fuel consumption (b,g.) and engine speed.
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Fig. 9 15 present the relation between exhaust gas femperaiure and engine speed.
When the engine speed increases the exhaust gas temperature from the engine also
increased too. The very low temperature intake air was produced the lowest exhaust
gas temperature when compare with the warm and low temperature intake air because
the intake air temperature to the engine is lowest and when this air was finished the
combustion, the exhaust gas m eylinder 15 not also heating over. Considermg on HC
emission found that the HC-enmssion of the engine was decreased when the engine
speed mncreased (Fig. 10) and the reducing of intake air temperature affect to the
decrease of HC emission because the nising of intake air mass in the engine cylinder
help the combustion completely. The HC enission decrease 31.25% at 3,000 RPM of
engine speed (use water 23.7°C in ECP) and 54.55% at 3,500 RPM (use water 0.5°C
in ECP) when compare to the warm intake air.

Conclusions

The reducing of intake aw temperature by ECP system affect to the increasing of
density, relative humidity and pressure of the mtake air to the engme. The lower
temperature of intake air affect to the engine power increases 3.21% at 2,000 RFM
{use water 23.7°C in ECP) and 7.76% at 3,500 KPM (use water 0.5°C in ECP), the
break specific fuel consumption of the engine decreases 3.54% at 1,500 RPM (use
water 23.7°C in ECP) and 7.04% at 3,500 RPM (use water 0.5°C in ECP), the exhaust
gas temperature 15 decreased and the HC ermissions  decreased 31.25% at 3,000 RPM
(use water 23.7°C m ECP) and 54.55% at 3 500 RPM {use water 0.5°C in ECP) when
compare with the warm intake air.
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Abstract

The aim of this research was to study the effect of water evaporative intake air cooling on the performance
of 2 multi propose gasoline engine. The 208 em’ of four-stroke single cylinder engine was evaluated in this research.
An evaposative cooling pad (ECP) system model type 7090 gize 30x27 cm” and 100 mm thickness was applied to
produce a low temperature air take inta the engine. The engine was test at speed 1,500-6,000 min™ by supply the
2 level of cooled air ( produced by circulate 24°C and 1°C of cool water pass ECP). The engine performance was
evau#edcmxpae with the nomal intake air temperature (warm air at 55°C). The rewirshcwnmat the reducing
of ar tenuerakwe before taking into the engine by the water evaporative cooling system influences on the
increasing@f dénsity, relative humidty and gressure of the intake air. The low temperature of intake air provides
an increasing ofgngine;o«q.-e and power. The power increases 3.21% 22000 min” of engine speed (use water
28°C in ECP) and 7.76% at‘S,BOOmh mwﬂhﬁmmﬂmwfuel consumption reduces 7.04% at
3,500 min’. The exhaust temperatuse and HC-emissions are decreased when compare to the air intake without
evaporative cooling system.

Keywords: Evaporative cooling, Engine testing, Engine performance
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Figure 1. Evaparative Cooling Pad (ECP).
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Figure 2. Schematic diagram of the experiment.
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Figure 3. The experiment system.
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Table 1 Results of air properties
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