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Js

Jgm 0923 29590 IS Jseol

sy 5 g0 4 5l Ll 8 sl slegise sl 3l b slabal) g 45T W51 Sey 5 oSSl
258 5 o= pemis (ICE) internal combustion eng. ;.. 5,0 o €xternal combustion eng. ;4. 9,

il oo Sgm 0950 SlayFge L Az g (St Hgige JSB 4 4z 090 (nl )3 Lo Lom 8y90 &S
reciprocating engine Lol 4 o,ls a8 5 g cd, &S > joikew 3 50 G 93 Sy 1,590 40
Sz L Ll ) U a5 1 aiin (5 ailoj slez loygise (s ol g0 Lo oy 9550 5 0065 (o0

005 oo Jol5 jarkew 318 50 p5 a4 Hgien

O3> 9 &S > yaiw ol Cww 4 TDC = top dead center ;| -, .., : intake stroke .1
alads 5 Jos ol 09 oo 005 ol JSls 4 fuel air mixture ¢l ;L intake valve

3,18 aslsl BDC=bottom dead center

§ At dlws Cligw 99 18 g 0S5 0 &S > Y S & BDC | e ¢ compression stroke 2
Sl 5l Jed a0 25 (120 0505 p0 &jg0 o515 Jos (sr a8l ol )LES 00l 0 oF o2 (s
28 JolS 5l il sus pp TDC a5 gy B g asS 5T 5l g 00 48,5 aads duop TDC & gy
Liteo 0y G @ gy iy sl alaodd (o g 5o jlid STl 5 s ol )l (6550 ST
otto cycle ;)1 4 59,5 o Oygo Coll o> 4o L.,).a., Blyl o ygige 93 (ol jo aaS Cds S1.005

=

g e

Otto cycle = combustion at constant volume.
el 4 TDC 5l gy Gl 5l Jol> jLad J1 s aiten aws Valve g0 ,» ¢ power stroke 3

o=l 0e-i o Jae crankshaft 4, connecting rod &, b 5l 5l ool 5l Jol> (6550 5 998 o0 0ail

Dis5 o o Working stroke 1 4 ool power oouS oJg 5> Stroke
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o <l 3L exhaust valve S o o5 > YU Cows 4 BDC 5l gy ¢ exhaust stroke 4
IS i i g 9l alol TDC U Jos cpl 9 gl o0 oly 7 )15 4 ol Gk 5l asgw slasls
20,5 salgs 5kl 6,58 IS g axiS JlS

Fuel Air
Mixture Inlet

Intake Com bustion
Valve Stairtz
Dpens
Intoike Intorke
Valve Wi lve
Closes Clozes
2)Compression Stroke
Exchoiust
Gz Dutlet
Exhoust
Com bustion Yalve
Storrts Closes
Eibi i Exhaust
Walve
Wolve a
DOpens REE

3)power stroke 4)Exhaust Stroke

iy o0 A (6590 4S5 wiz )5 et o <y

four stroke - as oS L1, (stroke) ol o Job onl L Lex osias JSow oS5 sl 52 Vsl
coalys] 5l Sy s (ignition) a5 > 45 was o &, (€Vent) assly zu oS > > cnl Jsb 5o Ll o sT oo
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S e Stroke o sl 4 08 3o 51T 0 o 5 four stroke —five event b gise s55 onl 4 o

S, e 590 90 gy 0 AXT80 =720 S Lo IS JoSS (6l (o 03 > o0 (a0 180) 90 o

Jros (Slsa (65,50 a2 (15T a5 ) 1y el )1 6551 (ol (sl g0 4 ol S35 0 p3¥ S ol

Lad w580 (propeller) wle ofy90 Byo Sl fee (2552 U5 & Lo (nl Sy Glo)sise ;o 5 4 oo

Dusl Gl 3oyl a5 (detonation) =il |51 wls g cusl 512> combustion o5lg 51 jglaie

B.C. TG B Te. BC.
o o, ) Y e
T EENEEN
HH " DETONATION PRESSURE
[ v | _J—] NORMAL PEAK PRESSURE
| Ipetomnation | 1] 4] T
OCCURS AN
{ F
C 7 ‘.‘
Y i HIRAN
L TR
N | +E ——— NORMAL PRESSURE
D B NORMAL A\ ERGNENEN
E f ichmon] BT TN | [ ] |----- DETONATION PRESSURE
R OCCURS v
/ v \
1}; 3
E Me B N\,
S / e rlal I
S / G N
U / e s \».
R A 34 “f\ ™
E -y <7
-
."h._. |
--._-__‘_“
0 90 180 270 360 450 540 630 720

DEGREES OF CRANKSHAFT ROTATION
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d

CRANKSHAFT

Basic parts of a gasoline engine.

One Stroke
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25l e le Laslsn 5o oolitul (6l y5ige o Lyl

: Reliability .1

5L YL TBO=time between overhaul I _.lul &lyess 0 boj g 00 (long life) Ysb

: Light weight 2
Mo ceul sy LSsl good design 5 9 S material 5l ooliiul 5 ,b 5l g (y3s el
aluly 10 Wb H5ige SO yhg a0 lgil 5l 5w radial sla,gige w0 alys 45T j0 a5 g5k

Cowl power to weight ratio 5, 4 & ,08 Cad SO alaly cpl 10 900 ,5 7o i5,08 L

: Economy 3
alal) 55 568 Jole cnl g ol (cotes Jale el Gras (Lo (ol 53 9wl Aty (Sliee slaidl il 550
ol SO sl CB g B yae 5l Olie 4T Gl SFC S alayl,y (] 10 5 098 o0 7 ykae godes @yad L
$9y Ty Mol a5 4Bl pasi 4 S0 5l WS Heige (reigre ablige Sl Sy D08 Ly

S, L cawo

: Flexibility 4

Slop a5eS 0 10 9 Lad oy elas)] o 0 wbj ax hugle ax o5 ax (5590 ;2 ;0 Wb Laglse j9ise
AR

: Balance 5
5 Smlanlsp (leislo gl (S5 pedo Vibration oS 1,5 el (o550 5l oosr s5le o3ly (nl 5l skt
o S sl gige IS ahadd Ste il ge 5ige (35 IS 1 5 Cs (b wlabd )jls s opdle
DL G5 8l oy iy Lz b ol sy slaysign 51 205 gl 30 o o sleisS

el (g 5l ygige S0 gl 5l S

engine requirements '
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FQQ @gﬂ—e@-é

)9 50 D)8 p yige Jolge

Hlasle b 4 a5 WIS oo il Heige S sadgl a8 (goaaie Jalge

Gpa o Kl o |y 6 i charge s> oil jlin j9se o> 4z 2 a5 Sl anb | jeig0 px> 1
i (bore) , 1ad o (Stroke) oo w05 4 juide SO a0l dalgs ing j0 (55,08 wles

slass g bore 4 stroke o (total piston displacement) ;5550 o_bo |5 o> ol plis o)l

Byl (S by ol

=3 ik px> 4 S W BDC o iy (585 joilew o2 S Ciyed Gk DS 1y o b 2

Qb s copd (pldz 2 g ansS ST oo | (combustion chamber >>) TDC ;o :ysins

5 90,5 aalys olil charge e jles 5l it ()l 6550 1) o anlss iy 525 y9950 & 508
g Sl 1121 0g0 > Sgens slo,5550 Jlodsl o515 oo iSlos sl SFC zalS 8ly 0 ol (slas
s e 5 0Bl YU sl (it 0S4z 0 (T Gl sl 5 ol prreignition )T cosgace JJo
el 45 sl oy S ool il g (i 5 anl YU (S15 oo b gla Jeregil 457 ol
dm 0lgl e 45 09— anle> Overheating 4 (loss of power) ;5550 &, 038 <3l preignition

23,5 =i 5 detonation

10 T combustion chamber , >> 5 xS zis 80 0l < piston displacement — JUw %
el jaiz> 5T C.R ol sSo ]

80+10=90 , 90:10=9:1

555 8 5l anls Lol as selys i 50 ] )08 005 iy jige 190 a4z 2 &S cl iyt RPM 3

D08 0929 udgaze s ol (sl aS Cls

, ¢ (flame propagation) 4l il o 5,2l alii=e JS<o: combustion efficiency 4
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CLEARANCE
VOLUME

-~nn
...11|”||H

COOLING

SYSTEM EXHAUST
25% GASES
40%
1 T.D.C. . USE:UL 2
I = WORK ik
AN = =
g + 2 u I — 30% ICTgN e
= 5‘_: —_— L OS: fipmi
S I\ R = v —
>N
g E N —_— L
o &4 P Thermal Efficiency Chart
w h
5 ¢ N BRAKE TENSION , ADJUSTMENT
<N n,ﬁ
s 5 N ]
BDC. 2N F I~ KMIFE EDGE
Y 7% R i
\ I
N i
\ \ I
N M |
\ N |
n ’ RO N g W '
Compression Ratio 7:1 The Prony Brake

n

S5 IS g 9dia HLS 4 oo o )l (65,50 G Cad i 5 3ok ¢ thermal efficiency
) aS el 135 Sgd=> 40 LQ..J‘}Q L vewes) LgLQ)}»}A G’)‘)} uLo..\J‘) J..‘SLA.} JS BN ..L.\.:; |) fuel (5’)‘)7
Ly e j5350 ois overheat ;| Gl gl s any ol 04 1y5 wb o 2alS 725 o take off

Sl Js aly Syl Gleaily jo cdl aiSS () 5 ol Gollas a> 5l srich

ol S 4 1) gt 45 (g, Las power stroke ;b o : Mean Effective Pressure .6
Al e D)o dslome Loled g gty joo 2 e )b dslome (sl 5,00) 5l koo (ralS Lo ye il e

L8 i o) Fee slad (1SSl

gaccessories ol 5 gl 5Ls 0,50 D,08 5 j5ige Sl SKhsl 4> ,a 45 conl ol ¢ friction 7

Sl @ 1) il cslio (b 5 (6,05, b ol Gy 0 dalss aZulS g0 diho 0508 5ladly i
Sl Sy 5 IS Jges8 Ll (l yo g ol als

IHP = BHP+FHP

IHP = Indicated Horse Power = Power Developed in the cylinders.

BHP = Brake Horse Power = Power Delivered to the propeller.

FHP = Friction Horse Power = Power used in overcoming friction, running accessories, sucking

in the charge, pushing out exhaust gases ......
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DS (Sl lessly |, THP ¢ BHP (1 Cos iy 25 3.b ¢ mechanical efficiency 8

E - BHP
IHD

0399 P2 5590 > (09 Sl 4 a5 b ogd ol lume (slea jLad ST 1 (S92 Julge I 9
,» manifold pressure gage 5 c 3l o nlg> (isli8l jgise &Dja8 Al (0 g odd yiien B8 pas lee
MAP(manifold absolute ;oo 5.3, lea (ol zolidlair temp 31 el soliiwl 8,90 Liwl,y pron
oiel3-8 1sa humidity 51 .cél selys zalS 15 power developed g 5L el S pressure)

Ll el GalS gt g0 D508y 4l (2alS se density sl

)9 90 )29 dawl— 0

9 e = o el Alols o 550 Cpalols 50 )15 093 g angS Glgi b Djad ) Gley asly jo al pladl S
oo il w slass 0 g awle |y Gl azly jo Haudw SO0 eald plal SIS jeige SO D08 dnle

wyfor Sy 3 Jseyd Lisly cnl 5o g eetled e

_imePLANK
IHP = /43000

imeP = indicated mean effective pressure(psi)
L = stroke( ft)

A = piston area(in®)

N = No. of power stroke%. _ RPW
min 2

K = No. of cylinders
1 hp = 33000 ft — [b/min = 75kg — m/sec

‘)9_3'94 U—lo.c L.J))-_9

(=35 &) prony brake « sg.q0 (dynamometer) g &8 olliws 5l Hgig0 Jae a8 arulxe Iy

BHP = 2%3000(T0rque)(RPM) Al 0aLS B pas Strokes wls |y cosl oass )5 jslate

determination of brake horsepower '
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S TPM oo ;iSLS 90 d o 85 55590 S0 5l Jol> (los )05 45 090 oo odaline Sy y9 4 pie Jgo 2 (0l ]
,» torquemeter , (tachometer)rpm ind. oo \lis g0 a5 el [bl> ran 4 5 0,10 Siws torque
torquemeter « ;L manifold press. gage so>5 I Seivn lo,gige 0 aldl W08 0 cead il

Ll Al 1 59> turboshaft ; turboprop sle,gse o Jy Cons

fixed & Lo S5 5l 590 yons Slxls IS 50 3 0sS oo dynamometer g &8 olKws « ¢ Hint fa-\
Do g0 oslaiul jelate 'pay 50 club propeller oL, pitch
Load adjusting

Torgue Am QI]? CHQ A NUts
|

Brake hlock Rotating wheel

/' - connecied to driver
Faorce

SENSar Strap

-
Torgue Arm
Fadius

prony brake
)95 90 D)0 (S0 A=)
P35 (o0 snalib ) i A Heige Kol Jol 0508
oS o oolatul 8l s 9990 a8 iSTas Sl Lagles wls ) 8K 4 ¢ take off power .1

0055 Lawgs 9 0o 9590 5l pusly oo 9gamel g dtwg jghay 45 el (g5lme 508 @ Tated power 2

Lol 89,20 METO(Maximum Except Take-Off power) « 4 ol ool guarantee
Dles 0 g5 Wlgs a ygige ST AS el Sew &ya8 iSTa> @ maximum power 3

3l Slejy Cusgame take off power ;i oolars! ¢ Hint =

power ratings '
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PS N
09— 90 (53 4—uinb

S 5929 5 39— O3z 095 95 & Bl 513l 3.8 anaib g e e 3 4 |y (St (slagise
0925 ;- Lai 5l g 48,5 sla asle; Loz 5 asle 99 09,5 99 53 S ;3 StIOKE slass 1L 511 5 W oo rnas
Gowa i sl b, e Jg ol s> water cooled s air-cooled 5,5 5o o 55 2 |, LSl cooling
3,90 Elosl Jad :pl o L a5 ol (cylinder arrangement) b joclw 23,5 18 o5 Sgin slo,gig0

rb...bb‘sa )‘)3 )y S99 ‘) Lo..u‘s.(b L oolawl

Inline Engines (1
I3 (2 rne )3 yaikes o b (92 5 WS (o0 )1 8w Sy a3 G0 bajaide oS Sl o
Sle a4y s 53 95,5 o 3by b 0T ()39 39800 3Ly H5ge Jsb 97 (g Sl o5 T drag sl 18
Sgame Lo il Slaal s (o 4y Cewl azlge JRAN L e sla ol (00 SCS 590 (0l hisb
S Jo U 00y (inverted) og Sao g4 51 Slowslgn 10 soliiwl 5,90 g5 (yad 50 .ol 6 olys 4
sl azsls (clearance) 3 alold oo 5l &le g 48,5 13 YL o ((C/S)crankshaft)

(O)Opposed Engines (2
ad) SSoaes (59,m9) 39 4 99 odle> Sjso an b juids g osgn flat &g o w5550 g9
)9 A 0yA8 Cnd g 0l o5 eige (39 Crankease ol oligS @ axgi L. 5 o 1,3 (staggered
99 g 9 48,5 09 > 4 oes (Streamlining) Solosy 5l el cos JSo cde 40,0 o5
At 5 y99e E95 il g S e (b g9 A S Cel (93,55 1 (Slgp (e 5o ] pailns
6‘)_3 9 09_».»‘;9 A_..lg.» )L?.’ M‘ 400 L5 100 g_:)d_‘i Lg‘)—’ 9 0oy &L )Aa.l.:.w uw..u 9 )Le‘.> Jl&w‘
0-320 JLw plyie @ ol osliinl 890 (Sgtam s9350 (nimly 0j9el 9 039 (e SzsS slaleslea
320 ., total piston displacement 45 c..llycoming cslo ,uidew > opposed |54 SO

el aSe 701 320 + 4 =80 ] ol ,» piston displacement ., col CaSe 7

(R)Radial Engines (3

Ayl i3 (60,95 1 Sl B e ;0 ded (e g WiloaiST ) axmas o ‘SCL!.M: Q)W@Lm)x.l..:.‘»&@l 4o

crankcase ;54 slo,lw cle 4 oS <8 Sl iy ldrag Jg cul Jle ol cooling
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Ly G555 e reS (peud 30 eZawllo 1y (50 o &5a8 o 0 e g a8l alS jgi90 S ()55 009 SzsS
Sz sleygise 4]y 355 sla ojg el a5 i ;e Culoly ) Sla ;08 sl sige (e g 4t
b o Slass b s,y ,o ,0 a8 Cnl T b, gige 55 ol jo S8 b 4SS .l 05 s turboprop
&l el sos aslw il 9,7,5 il 4 (single row) ass, SO e 0 5wl (0dd) o8
2%9) Joil—w 18 5 2X7) ol 14 JS il 4z (double row) 4o 50 &0 4 i slas jab
B0 ,S oo )l,8 staggered o ga; (20, 50 cuslis COOLING oss (gl At 90 £95 )0 g 0ud Sl

] 00l aiSli jgige U"‘ 3 5 @xT) preiw 28 a9, 4 DN £y e

Opposed Engine

Cylinder
supercharger
Piston housing

crankcase
front main

supercharger

ropeller connectin; { . E
fedlfction rod ¥ ] diffuser | rear housing
gears l assembly I plate I cover
NOSE ! POWER ! SUPERCHARGER l ACCESSORY
SECTION l SECTION l SECTION | SECTION

Single-Row Radial Double-Row Engine Lycoming Six
Cylinder Engine
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IS iz Sl

Slo S & prdiins (K j990 S 5l ole )08 45 @000 9 00,5 Cuzmo (5> Gledily 9550 50 pgo Juad o
423 90,5 wnde LS Joas ) LS cul e (lgioes a5 cllls yo0 5l 5l il oS o ls el I el
55,5 Sl jgige 4 (o Sloduo ol 8,lg 51 B 0gi axils a5 Sliebl b o> j0 cwsl 5590 095 &)ly>
w0l €00ling i Ciz dlol> sle )T 51720 sgax Ll (pl 10 005 S 93 4 Sl Heise g0l 5l g
dio HLS B0 00,035 130 sgum o a8 FHP G0 710 sg0> caid) y9,m 59551 5o,k 51740 590>
=2 Slitlu Sleas 1 odle 555 0verheat mMhsl 4 5 ouis S o954 j5ige 45 S50 )0 .05 5 0
aLi S o,blxe >0 5 lubrication .. 5 juilu w4 dess g (Warped valves) b Clgw il p Ob >
proper o, ol ;05,5 =i detonation 4 col (Sow 5l 5>l jeige Bpae glor slos moldl Sl s 50

Sges pbly Cusmo ] 3,90 0 03] )3 g 039 8,95 5 olE Cuwal I 4390 cOOliNg

193 325l 235> >
il 38l 550 Dpud 0 5o VU 15T ST g ol TP 550 2508 ial381 50 Jige Jalse 51 (S maaas a5 y5b olen
Wly3 Do S pur 4 095 e TP ol 55 Ygano o Jhad o a5 codls je0 Lk 5l wls Jg il walys>
JI-8 1, reduction gear o5 5lSe & Lo 5 ;5350 (2 UrDOPIOP 55 5 Sty S50 sbo,sige ) 9l 5w,

b oo planetary go 5l 4 wes o

SUN GEAR HELD

P PLANET
LANET PINIONS ~ PLANET \ T

RING DR !
INTERNAL
GEAR

RING GEAR PLANET CARRIER
DRIVES DRIVEN

reduction gear '

1-11

S F 9 90



\

G :..n),l ?A‘:‘A(

e 4y 5 3,05 T tOrqUe ey o Siy (BHP) g0 o, 5l Jool> loe )03 4 00008 pgo Juad 5o
soka (Jo—ese glgl jo sums lis ol piew 00,5 o0 uai coCkpit s torquemeter oons lis cle
ol pressure gage S ol o ¢ 413 5 reduction gear fixed gear ;i |, 555 signal o0 5,15 <4,
=l Oye slaleslsa ;o 0 il 7,00 dilgs o bmeP o> L g Ft-Ib L g torque oo ,s cows )] axbo o5
abog e slowlse manual & coul yig Ll )5 o956 51 BT gl a5 0iS o )5 (S iSUl & yg0 4 i

D9 de>l e

HELICAL GEAR

P Axial ch
PROPELLER SHAFT A R
TORQUEMETER PISTON

torquemeter '
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Hlasle e A S HPge SO (omlel lazoend

1-crankcase 2- cylinder 3- piston & rings  4- connecting rod 5- crankshaft

: Crankcase .1
wlw ALSLIT Sl Laglsn gy sloygige 450 iy digdoce 000 5 g ot 45 0dd oSt Cuad
H¥se ,0 g odd Sl es) e sl Slalxe crankease g 0 Wgd oo forge slSovinl by ouls

S,l8 )18 iy 0 55 ACCeSSOTY SeCtion g o4l oo diww ] pj a4 ey, daize ad g oS slo

Crankcase for a Six Cylinder Opposed Engine.
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: Cylinder .

Slll g cosl oo LSis eylinder barrel s cylinder head o3 o 5l Lnlse sl ygige juiliw
w55 sleyS Culie g (S jslate 4y ik pos Sile 2y ISl Lol (65005 pani 5 oyl 5 )]
S mhaw g asle o¥es LT 51 Jaidkew wiay a8 Jo o 058 oo a5l caSE poiagll 5LIT 51 Yoone
oMa_sl 4 chrome-plating U nitriding 5g, b ol 5l 6,55l ¢ plSoeial [ial3dl jglaie 4 151
aS JSCs e oib o shrink & serew 5 b a4 558 Cuond g0 Jlas! oS o case-harden
9 )J.o.Lu.u &9y y AHS‘SQ T2 e ‘) 5;»4‘ O 9 (Chilled) Sy ‘) )A.o.l.o.w A g oo)f ‘a; |) )J.a.Lu.u).w
&3, intake valve coid 5 a5 coul LI 5 Wloas aLu (fins) leo s ccooling jolaie 4 ok p

50,00 ash STS A g5ls STS i gl bgle jee Cle 4 a3 0,05 0ez g fiN juidiis

o 61y Eligm 90 yoiliwyus (59, 50 -3l 1,3 (SKIrE) asels o 51 ey 5 (flange) ) joilw sl

ail> 90 yoilow yur 4o ditwn helicoil b g age5 LB bush & je0 4 )] J31s slaoais a5 5l 392

P9 Gab ped 0 oS oo Valve seat Ll 4 a5 09d o coas (Shrink fit) o ,Led g, 4 co¥ss

ot a4 a5 w55 valve guide - Mas! sl 4 45 55,5 o o |, valve-stem 5, oo 9o

0,5 o A9 H5ige (ol

Sl i bl ato e ol 4 Coms 6yt Ol il YU Cead (5> ¢ Hint OB

S5 e ely Yl jiiey bl pgig i 65 5l g 5 ilnisn YU 5o oy (oo |y Lo jasdens 5,2
55 o choked cylinders e juilow g5 ol 4 (oS ailginl) 2150 gole &yg0 a0 ol a5

. rocker shaft bosses
valve spring

assembly

K‘:A cooling
T fins

flange
skirt

A Cylinder Assembly Installation Arrangement of Valve Guides.
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: Piston .3
S g iy oS > WSal g BDC o TDC 5l juclw J=Is s plunger G & a0 4 (gt
O 33w o forged L cast & ,50 4 poiogd! LT 51T &l > iy ads g (Sew bl g ails
i 4 T g 48l (5 Blacl ey S oo 995 2 juik 4 S | 6 590L5 6o gy
Sy ol o)l slojled jo g asle xiSasS (Sl gy Sl ol 5l oLzl Gl Sz w0l
oS )8 g a8 S 8 VL la)lt 50 (oS LS ) i oo 1B (e g (09,
Coo dy (589, )58 5l 5 48,5 )18 mly slayled jo (289, oS, 5 w5 (o0 15 5l> (blow-by)

SIS oo Gyl O RS g 5 VL

choked & )50 4 o juil w5 Wgd o >l cam ground o500 4 Lk &y gy Hint 38,
sl ol S (SWIVL 4 LS oy

oy 4 51 jslaie 4 5 gap slyls bludl jslais 45 004 high grade grey cast iron ;| b o, o>
oS o Jtiin juidew a1 095 sle )8 oSy ) 3o,k 5l g b wales Jais cas JUIS ol
9l Voo loggimy 51 53 5500 1 055 oo plonl 5, s o5ty i Sl 5 ke 3,
by els an fetuy il (truncated cone) il by, b o (recessed) ai..ii o,3 (cup)
ol bls as ghollow  Sw bl 4 g o0gs o¥48 5LIT 51 o] i aS 045 o Juog piston pin
i Bl (S sz Lawler slagige o colatuwl 090 lgil ¢ aiil oo surface hardened oSl
Aogwge full floating o o5 )ls

PISTON HEAD\

LY
GROOVE LAND = COMPRESSION
COOLING FINS RINGS
PISTON PINS \
ALUMINUM ALLOY OIL CONTROL
PLUG : Y RINGS
PISTON SKIRT AL( )
A Piston. Cross section of an assembled piston.

ey

FLAT RECESSED CUP DOME TRUNCATED CONE
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: Connecting Rod .4

3590 55l glgl .l forged o¥gd 5UT 51 o iz g 85le o das 0 CfS @ 1) gty mpe dakad
slas e glemlgn jo oolaiul

Sl 55 (S bl a g cul ooliiul 3,50 T 5 O sl 9350 ,0 £55 ! ¢ plain type (a
4 9 asls plain bearing g 054 split 1 o G CLWlH LT & g0 a0 ] alatie mlans plSoxil
O 4 et OFF Jag 5 LBl (i gy g 0092 4T Sy 0,5 (] K00 s g 098 0 4%y CFS
205 oo Lass e
syas b Lo gige £95 onl )d 398 oo ooliial g45 ol jiTadial sla,ise ,o : Master rod ®
9 035 (articulated) _La o a b g ol powge MASEEr &) g 009 ;s8¢ 5,5 b yeils 51 SO
cul split Ysose master rod 5,5 o 0355 o Lo master rod « knuckle pins L.g
s—b master rod co.l 4S5 g0 C/S a5 radial sle,gige 5l oan ;0 040 ;5,0 4> LG CS 4 b

BLADE ROD

BEARING INSERT

BUSHING

Fork-and-blade connecting rod.

@ MASTER
ROD

ARTICULATED
ROD

TWO BOLTS EACH
SIDE TO ALLOW
SPACE FOR LINK
RODS

O O SPLIT TYPE SOLID TYPE CONNEGTING
GONNEGTING ROD USED ON RADIAL
ROD USED ON ENGINES
Type of Master rods. RABIAL ENGINED
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: Crankshaft 5
Sl oles 4oy Gl=al 5l Jol> (65,50 5 ol (backbone) [sige &85 g S ey S oo
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The propeller gives a small acceleration

The turbojet engine gives a large acceleration
to a small weight of air.

to a large weight of air.
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A pulse jet engine; (A) charging (shutter valve open)
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COMBUSTION CHAMBER

A ram jet engine

(B)fuel burns and the engine accelerates (shutter valve closed)
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Advantages and disadvantages of axial flow compressor :

A) There are several advantages of the axial flow compressor. They are :
I.high peak efficiency (i.e. compressor pressure ratio),created by its straight through design;
2.higher peak efficiencies (pressure) attainable by addition of compression stage if desired ;
3.small frontal area and resulting low drag.
B) The disadvantages of the axial flow compressor are :
| difficulty and high cost of manufacture ;
2.relatively high weight ;
3.high starting power requirements ;
4.low pressure rise per stage (approximately 1.3:] maximum)

5.good compression in the cruise to take off power range only.

Advantages/ disadvantages of centrifugal flow compressor :

A) The advantages of the centrifugal compressor are as follows :
I.high pressure rise per stage : up to 10:] and 15:1 in a dual stage ;
2.good efficiency (compression) over a wide rotational speed range, idle to full power
(approximately 1.3 mach tip speed) ;
3.simplicity of manufacture and low cost, compared to the axial flow compressor ;
4.low weight
5.low starting power requirements .
B) Disadvantages are as follows :
I. large frontal area for a given airflow ;

2. more than two stages is not practical because of the energy losses between stages.
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Combination axial-centrifugal flow compressor.
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