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2
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60 sec - 0'006?

SyF Sl esl (Y
we, (77.3)
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03'59““"59"" d).‘m(a

kg
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Inlet  Exhaust Inlet  Exhaust Inlet  Exhaust Inlet  Exhaust

|1
NV

HL

fa)' Intake (b) Compression (¢} Expansion {d) Exhaust

FIGURE 1-2
The four-stroke operating cycle.'

930 ol wsgo : Sl SF S gige b Jgeol




~Deflector

“eed spring
inlet valve

Exhaust blowdown Scavenging
FIGURE 1-3
The two-stroke operating cycle. A crankcase-scavenged engine is shown.1?

Adjuster
intake Valve

Exhaust Valve

Piston

Connecting
Rod

Crankshaft

Cutaway drawing of Chrysler 2. 2-liter disr;vlaoemen! four-cylinder spark-ignition eagine.’? Borc 87.5
mm, stroke 92 mm, compression ratio 8.9, maximum power 65 kW at 5000 rev/min.
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555 55 + ol Ne=100% 55 Slixl o5l 5 sl 43007 5 o3 5 (AFE15) L Gyl s s
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= Yotal — 25 _ 9 625 Jjtr = 0.000625 m3

V+0.00062

Ve

8.6 =

v, = 0.0000822m? = 0.0822 litr = 82.2cm?

= 2 p%s — 0.000625 m* = = B2(1.025B)

B =0.0919m =9.19 cm S =1.025B = 0.0942m = 9.42cm

tSaeliadge i ol

F (1) Seeliyage 5 ol

T, = 60C" =60 +

P, = 100kPa  Vgpe = Vy + V, = 0.00062 + 0.000082 = 0.000707m>

S930 sl wigo : bl S Slaygige >k Jgeol




_ PaVi _ (100kPa)(0.000707m*) _ g 0944 kg

™ RTy (0.287m)(3331()

2 (V) (Somlooge i el

P
-G - pe P= Pi()* , k=135

P1
P, = (100kPa)(8.6)'3> = 1826 kPa

T, = T, (r,)K1 T, = 333K (8.6)'%51=707K =707 — 273 = 434C

kj
v, mRT, (0.000740kg)(0.287 L) 707Ky
rd = = =
RT, P, (1826kPa)

m =

V2 _ 0.000707
Tc 8.6

V, = 0.0000822m? = V, ogsel, V= = 0.0000822m?
AF = 15 Air Fuel : 15+1=16  (17,) = 100% = 96% + 4%
mg = 0.000740 = 0.96 * %6 = 0.000044kg S g
my = 0.000740 x 0.96 + = = 0.000666kg  Is»
My, = 0.000740 0.4 = 0.000030kg ssile 3L 25,5 slaj o>
L o 4ol gloS
Qin=mf Quv yc & Qu=Mp Cy (T5 —T3)
Qin- (0.000044kg) (44300 )(100) &  Qu-(0.000740kg) (0.821- )(T3 — 707k°)

Ty = 3915 k° = Ty

Vs =V, = 0.0000822 m?
P, =P <T3) = (1826kP )(3915) = 10111kP
3= 2\r)) = Y\707) = @
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Py = Ppay = 10111kPa

Ty =Ts(- )K 1= (3915)(5; )135 1= 1844 k°

K 1.35

1 1
P, = P, (7) — (10111kPa) (ﬁ) — 554kPa
- .

kj
_mRr, _ (0000740kg) (0287 L) (1844K)

— 3
) (554kPa) = 0.000707m

V4 = V1 = 00007077713
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kj o o
_mR(T, =Ty _ (0.000740kg) (0 287 o )(1844K ~3915K°) .
T 11—k 1-135 = Led /i

a3 Sy o 5 ik Sl Sas sl o515 Al se 3 00k Bras S

kj
mR (T, ~Ty) _ (0.000740kg) (0 287 kg = )(7071{ —333K")

- T 11—k 1- 135 = —0.227kj

b Sl plp a2 SO0 g el SG Gl RIS 8
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Wnet = W1_2 + W3_4 = (1257) + (_0227) = 1030k]
gl (Sl ool
(1 & Sy o, V5D

_ Wnet _ 1030 oog 5009
M= Qm 1949 7T AN

—1 (Tl)—1 (333)—0529—5290/
Me=27\r,)~ 707) = OYe7 T AN

1 1
=1—(— K-1 — 1—(— 1.35-1 — . 2 = 2 0,
1, ) (e 0.529 = 52.9%

(imep) )55l Lawgio jgo )lid dmslons (sl

. w. 1.030kj
imep=—"¢% = ] = 1649 kPa
Vi-V,  (0.000707-0.0000822)m3

3000 RPM 5 6)9Sl§.3.).3| O‘?S

kj 3600 rev
yl — cycle>( 60 sec
rev
(cycle)

(10305
* 4 (cylender) = 103 kW

0.0942m 3000
ES

Up=2SN=2
Up S * stroke 60

pad 50 jaiden SO Glp palls e 8
wp =1, W; = (0.86) * (1.030kj) = 0.886kj

:3000 RPM P SRy u‘?‘

3000rev\ (0.5 cycle .
= [(——) (—) * 0.86] * 4(cilender) = 88.6kW
60 sec rev

= n,,w°% = (0.86) * (103kW) = 88.6kW
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Wob 88.6 Sec
57N = 3000 =0.282kN —m

2T 60

T =

_ bmepVa  (1418kPa)(0.0025m?)
~ 2nN 4m

= 0.282kN —m

wer = W% —w°, = 103 — 88.6 = 14.4 kN

PGy lawgie Jge jlid

bmep = N imep = (0.86)(1649kPa) = 1418 kPa

F S5 o Ol

Yb _ 33OIW, 4 (cylender) = 0.334 KW/

BSP= AP [%9.19] cm?

t bl ez wxly slil (g5 Ol

Wy _ 886KkW kw
OPD=—1==—"—=354 KW/,

Vg 2.

6)9).: u}am o):9 d).a.a ML?LA

0.000044 3220, 14

Bsfe="T 4 4 = w2 — 0,000050%9/,, - =1809™/,,,

w°b 88.6

:).A.J.l:....» u.i; = oa)’b

Mg 0.000666

= = = u. 2= .29
oV, ~ 1181+ 0.000625 _ 0002 =902%

My

t R0 a5

ATl ol 4y pomie a5 0 oo 5L 5l aldise 5y S g 1515 Al e sl 4 e 3 b ads) Cl gige 4o

Pad 26,
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T, = T1(v_)K ! T, = T1(7”c)K !
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Q12 =0 Vo = Vipe

_ (P,v; — Pyvy) _ R (T, —Ty)
- 1-k 1-k

Wi_2 = (U —up) = ¢, (T, = T)

= Qin=ms Quy Ne =My, Cp (T3 —=T,) = (mg + mf)CP (T3 —T5)
Quy Ne =(AF +1) cp (T3 — T,)
G2-3 = Qin=Cp (T3 — T) = (h3 — hy)
Wr_3 =q-3 — (U3 —uy) = P,(v3 — vy) T3 = Thax
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V3 vy T
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qQ3-2=10

V3 U3
T, = TGO T, =T ()
4 3 v, 4 3 Vs

V3 U3
P, = P,(—)K P, =P K
4 3(V4) 4 3(174)

W = (P4174_P3173)_ R(T4_T3)_
37 1-k 1-k

(us —wy) = ¢, (T3 — T,)
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Vs = V4 = V1 = VUppc Wy 5=0
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(3] Jgl piom) S o 50 &l 99)9-2-X a3
Vo= Vo= Vrpe
Wy_, =0
Qrex=Mpy ¢ (T, — T,) = (Mg + me)c, (T, — T2)

q2—-x = Cy (Tx - TZ) = (ux - uz)

T
P, = Ppax = PZ(T_Z)

(@l pgd (i) Cobi jlid dl o )5 &l 0,9 X-3 i1 8
P, = P3 = Ppax
Qu—3=My cp (T3 —Ty) = (ma + mf)CP (T; — Ty)
Wy_3 = qr-3 — (Us —Uy) = P(v3 —vy) = P3(v3 —vy)
T3 = Tinax

P09 sk

Qin = Qa2—x + Qx_3 = MeQuy7c
Gin = Qz—x + @x—3 = (U —U) + (h3 + hy)
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IWnetI I QOutI (T, —Ty)
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1m® = 1000, Syl G, eoil (o

kj .
Cp = 1'108kg_—k ¥ o> o3k (g

il S 1, Vg = 7= 1liter = 0.001m* = 1000cm?

1% Ve+Vd Vec+1000
ro=—22¢ = 16 = —— - V¢ =66.7cm?
Urpce Ve Ve

Ve = 0.0667 litr Ve = 0.0000667 m3

i i
Vd = " B?S - 0.001m3 = " 0.1m?S - S=0.127m

Y bl Seoliydge s

T, = 60 °C = 333k’
P; = 100kPa
Vepe = Ve+Vd - 0.001+ 0.0000667 = 0.0001066 m?3

ST Eerd 5o yadken SG U a5 >

PV, (100kPa)(0.001066)
Mm =R, T T (0.287)(333)

= 0.00112kg

my = (0.00112) * (0.98) (=) = 0.0000578 kg: 45 2 1 ;5 ks 1 (5T & 0d 3255 <gm 7

Y alak Seslizogey >
T, = T, (r,)k1 T, = 333(16)'35~1 = 879°% = 606°C
P, = P (r)X - P, = 100kPa(16)135 = 4222kPa

, _MRTy _ (0.00112) * (0.287) * (879)

— 3
P, 1227 0.000067m

Vi __ 0.001066
Te - 16

= 00000677?13 P9 ol)
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aal.)q‘d.li...mb)y)a O Ne = 1
Qin = meHVr)C= 0.0000578*42500 = 2.46kj
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—— =123k = mu V(T — T5)

1.23=(0.00112) (0.821) (T, -879) T, = 2217% T, = 1944°C

V, = V, = 0.0000667m3

_mRTy (0.00112) x (0.287) * (2217)
oV 0.0000667

= 10650 kPa = Py,

_ Tx\ _ 2217\ _
=P, (Tz) = 4222+ (2) = 10650kPa  ¢50 4,

= Py = 10650kpa

2.46
= T = 1231(] = mme(T3 - Tx)

1.23=(0.00112) (1.108) (T5 - 2217)  Ts = Tppar = 3208% Ty = Tax = 2935°C

_mRT; _ (0.00112) * (0.287) * (3208)

— 3
P, 10650 0.000097m

U3
¥ alai Sealysge s s

V1 = V4 = 0001066m3

0.000097
0.001066

1%
T, = T3(v—3)K‘1 T, = 3208 * (
4

yL35-1 T, =1386% T, = 1113°C

0.000097_ .

14
P4=P3(v—i)K Py = 10650 * (5o

P, = 418kPa
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= P (v;— v,) = 10650 (0.000097 — 0.001066) = 0.323kj
3-4 0518 295 S

mR(T, —Ts) _ (0.00112)(0.287)(1386 — 3208)
N 1—k N 1-1.35

= 1.673kj

mR(T, ~T;) _ (0.00112)(0287)(879-333) __ -
- 1-k 1-135 = TN

Lalls 5= (0.323) +(1.673) + (- 0.5) = 1.495 kj

PG Pl (Sl essk

|Wnet| _ 1.495

— = =0.607=60.7%
|qinl 2.46

(M) auan =

P 699y Al o 0 Hailew S 4 (5999 Slse g

18
m, = (0.00112) * (0.98) (E) = 0.0011 kg

0.0011
= = = 0.931 = 93.1%
P,vqy 1.181x0.001

m,

Ny
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