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and 	j fintior dcvolopiono brve• cor into light in tho ford 

or free pioton ongLnc an1 and the ao turbine. Stri tlr opcoJ hr~ , 

the for nor have origin ,ed fran tio uperch rgi.nv of ttrotroko  

ex1C and o loy the on -Inc cylinder mroly cas -as -,mares mm. 
In 7 r"O tur tno also to cry °~tnc cylinder has boon rc plaecd by fi he 
comb rztian ca- or. .1"acc rcci i ocatln cngj tno, au rah r ii or 

it sup czr .od, to 	e it tiicall inefficient deYic ifc csac of the 

bra a i►t:t o' rcci,roe ttr;° parto and so the reivtroicntc c ::' a 

lr,r'o 	orir roc r. ' ms I f t -c rciritca1 of `'icicacy of tasc 

ontro 	80 per cent, by ccoMli r the p. zer out t of the en: nc 

ith ,._w '4 Ci•j) VC'1r;,C tiit!IOtit &:17 (1= irrelc')i(: r (letiitr)i;j tnorcc 

In ` ictto r: 1oo'ors, the rrc'..a. tc 	ot'icU.c~ cy :,y be rc iorti to 

,about DO per ec t. rx' to will alre -a r-c'alt in t C proportio to 

trovcncnt f tic verfl efficiency. Thir Is lice that for e 

cnrvtv1 of t c cc vontio-al intrrn:l to 	tin cn,'.'Lnr1 t'i;I 

ml rc-.:dy is to kc it betlttin for very !t ct'i rc:. rco 

prcoctircz and to diopcn3o urtth several of cr .ncff tcicnctce,, 

I in solely uith t is di-mativc that t c proptrattot of 

t'Sio dtoaortatthri has bee i ',, !-Gn up* ,. critical rrvicv of the 

ezistinr tifortion on the otperc rCcd four otrolc +en^tics hac 

beo.+ t do and co plied in Vic Piro t four c ~artoro w The cvclapi' 

Win`: of t c latc o t fern of ou ,c rchar ;cr b 	r era tlizc 1 C 

ta!tin ; ") c ,noidcration the Win. to c n c that have bcczi 

envca •cd over the cztct n o c cr add'.tional adaptability of 

,, sac cc1pint for a prtivular a- plic tioi. iris iitnitutiarm ik 

any, have nlro bcc:i inc'joat+rd t iero a.nrt t'zci. 7hr fourth 	.tcr 



furnishco the p<rformco curvos for a I c't typical percvrci 

cntcs of all eatezorleo eou'crths nearly aU the nec, • Ti c 44 

i&a bchii1 it has bor to (Itneurs the charaotrriaties of t 

ccrciarccd cnjncs trijcatjnr the ajoi' points which have 

o,  AMO the adaptability of that prticicr type,  of cm nO to 

a ptic- lcr ailicatLn. The main topic of coitrovcrry, at 

PrO=tv C0flflC'CtCt3 ultill tho flO of turbo arcd (metner, Ln nuti.  
zio'tve a-plicationn. kno also been dtcuccc1 Lt rct jelCt. T!c 

amcrdoo:t in c rctcrittc arri t3o G7 in 	it. CCZ1 )C 

actovoti hn also b.-ca taei urn In Vie fifth e%a, trr a proc:r 

for t.o cntntu 00 	totn 	beei ov,opcd utci 

han binti illustrated b7 its application to &.i t4etm1 !r'le 

the bti citcr,, 7,cm t1.c po orrco or tio turbocaro 

cntc haa 1n, bra' 	cttot'd ala thoorctieai cinoiecmltl 

a 	 r rf,A of t'in oir'inc in tho 

nsturU7 &ri'rzitZ1 f('11  an( the 	crtne'tai CU?VC. aVCJIC 1C 

for tic 3'ip 	Vc.DiOn. Th-.,,  t.*cnt omper Cites the 
erincrfl, rcirTh uit a fctr Cu'fCOttn3 for furt!irz ror7:., 

It is hop- i that the tnti'ation ta!ur up 	the lines 

iir,acd ,fl1 ) Li l')1 	7 in tCflthOitfl the rt of to 

S-:m-f4ar.ywd I imp stroto entno as a vorratjjr,  FrO'JCr imit an.4 

tiill 	zit itr ctitcci'ioc alon.- tt otIlr.r  fast drvcm. 

lapin pir 	r•. 
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14 	e. The initiation of internal combustion ego datez 
back to 1630 tthon the latch physicist Christian Thiygbens (1 2) 

originated the first gunpozdcr engine in its primitive torn. But 

the devv1opnent was harperod due to the simplicity of t''o then 
S 

popular tcur engine, until in 1?4 Tn-,lis engineer Rabe 

developed the tint gas cnp&nr tor1~tn" r 'ol rir1oytn7 ttanc coribn• 
attar►+ Co.° cntrutod efforts sc-c di,'ectcd t) i ^.sovc upon t_ic. 	e1 
by Lobon$ C il,, Barnet %, Lenoir r' :'on, till in VG2 3ou do 
Rochac ; avo birth to the firs.: spar),, Ignition engine,, In 1070, 

1ikkolaus Au 3 st Otto,. a Germ cng1 racer, produced u 	s E nutooy 

doc i in or 's ontinc 'roe from noise Ln-' row'h nes in oper :t i s.. 

Due to the high c ct of fuel In Otto cycle a agincs, furt acr 
cxporfnew is tare carried out by :tocl-, 3raytcm, Stc ens f, Sic1 and 

S 
Pricctri ri, but the crud t for the d volopnent of first su-.co a1 

e r prc ^s to JLidtiun engine goco jointly to t'ir I n.' ich enin{or 
iIorb rt M': ±voyd-ntuart (1890) and V._C Gersan engineer suien tot 

Dr. F;uc alf Diesel (1892). 

Ii uprrcinrginm t,c.s ttcn a. plied to yes cngir c as +early as 
1CO3 (3), 1t 0!?i ; to Vic primitive ctaQ of 0ovmlop: t of the 
cngino t ccl s it wild not exhi pit its hill rotcnttn1itttt„ 5o.. 

ozcrirctto von co noted here anr there fra-,t ".i :r t. tii ., wit the 

progre^c r. r. too s1 :i. xo start irithh, pr ^ ure-c' rgtn wfit'? c" 

ica y (riven ch irgers wu, tried, bu , tr idea t p. rti~ .11y conserve 
Vic h-at of Vic- o h.sust}' .c'. i. urprreVi lc in r ccuprrc%-% r `A 



s 

OflCtiiO, led Rtccu of ''r•.ncc to aorta :ivC of turbocta rgt~hr in 1910, 
U oioucr , the fir 	pert. nt utilizing c .,ust Cos turbincz In 
combination with tntcrnal combustion cn'tnco excro iacO in IOU. ct 
the Sul2or U`or # Uintc 	)mr, by Dr. A,J. t3ucit and tho : thi  

?ycto 	*ty coieroially introducod in 1920. The principles of the 
Buc_hl or cc bang boon app1ird .n all th turbocliargod cn;►tnos 
prod ! ci ;i;3 far* 

The it noc nccd of aircraft cn tno , tit4' incrc turd potter 
for lon' ran re azid hieI altitudc fit-hto, in th^ ft t 'torld '!ar 
(1014-x.10) r'cmalt A 9.n t!w crucial c1ovelop rn t of *:up- re mr^tn .. 
Conto ►quently, c perc', r-tn - c nlc1 !^ a- p .Urd t b-)th ' f - r1can r. 
rrench f - :ter^,. The 'zo"k on^upfi r~ ZO— ;i v ., no eontinucl r rt, i 
the peace tic (1 .f u. ) ac ucfl.. 7huc t f trot tufamb, . f ,ar+d car.. 
iie tray pr t uccd by t c irl ^tol co.* pony in 1g23. It 	t1w r L piiod 
in t:3c 	rzo, o1 of 	riCnn1 r' crvcral otr-r oircrrft all over 
the orl.4, The a anti , wd dcvclopnen rroAi tod in ', "', p-rfor ~noo 
anti reliability of ct~ncrch; r ;cd cnloln :rt oo that ccvcr:a En•1teh 
and Italian poccnor and cargo vase d c onr1oyin '3uchi turbochar 
in ioro eo-^icoincd in 1923 (4). Dir°th t':e l: ct forty yrr~re the 
snperchurgcci cntncs h3vc al co bci e r . tvol used in poor scat- 
io s, rail traction D oart1 a r' r-nehtncs, cncd swornl other 5 vtc :e 

Fie* 1:,1 chess the giro^,race mdo In tlw 1ie1 of ew rrchar ing 
to t4atro It e : rñ(1 be noted t' ..:t t'i' cpco .fic t:rcl^'3t of the oiinO 
decreased ')t) 1944 anI t1ie i etrrtccl e o•ziu v a r .t ,ht increace. 
?!o'rcv r,, the rate of inorr cc of b.h.p. i s ^sac': in cceee of t v 
rato of ricer ; c of cn.-*~.ac : !reifia wciwhi. fhte nec mnt fa: hr 
^ucces^f l 'sori chnc, \ I 	1' A 

r 	 i 	F 1 

.Po j 
..tlutr.'tt- It Ir: z.1r~-,.d, b c i pointed out 
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tlmt c ip z.rti a i i!u tcd froi t rc 	iO ratios of imcrr 
ct r  cpettic 	rcr outpit fror3 the +oa ;ine. in order to cchirvc ti 

tic ro' rr n^ nrr, t%ir only v.1tcxn ..tivc : t' "ods $ 
1 i 	cstn' V-c oo-r sriou ratio, 

(2) rtj L - thr rotAtiowl s prod, 

(3) Increasingthe air done ty at the intu1 c air nttold, 

(1) 	2'4Ui!_tJoi!f'Piofl 	Bt ario prrfori 	the tcsts 
oil a vartvb1c coproiori petrol en?inc : ci pave the folloit.n;; 
ro to: 

c+a rcnc.io'i ratio 	' .0 " 3.0 ' 6.4 ' 7*0 ' 

	

t 	r 	1 	f 	! 
t 

tnc tc1..:: r d 	an c£, c .tivc 	• 122 S 133 + 147 + 157 r 1 
prescarc 1 ./i,") 	 r 	! 

1 	$ 	e 	t 	f 	1 

ft ray be cci that Grit the thcr .xx In co ,p c:rio 
tic W .cm.tcd etc: n cl 'cctivc pc a-c,, 	ich it ;. r -•..Cu.c oS' tite 
pO 1'D ^ + n'inc, incr; fCcQ ;t a rC Ccd s:t-c o 	e br'zi. Cf i.iciC'. 

ncy o2 ;: ,r engine also iucr c rs, but uitz t r i.ncrc..:co or co.- + 
c i m ra to beyond 8, progrc: sivcly sma..icr gain is t o =1 cfft 
icncy cni i.: we.p. is obtained, The the ,a1 cf L*ic1cncy ,s crcll as 
the i.':.c.p. of a diesel engine uii]. uls increase uit't the co:ip. 
rest  v rat ic. 

t c incre .: a in ca-^preaston ratio the voiu trio cf - 4..- 
~ ,Ic'-=.7  it11 	do in (5) , Pie. 1.*, and the i.: l=m cy1t ide a p c - 

u-. C ::11 ' : cothi Lion tc- .. rLture 172.11 increase. the iattr ui .l 
p, 8 crCLlcc ctcccoi Yc risch[+nicci. 	 {y is r -, 1 10 din. o.i the coda . 

t1 - b7 n'cccsi mine larerr :usirs, hac~vicr rt el-zocat in 

an_' or stresc bcarin- 'ibors, and so i 	r-crc c: rtr tsc .;,;, 
c. d bul.. Furt 2' i2 CL)( a' 	i.,flition tnni'zcs, there !.;1J bt, 
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a c - c r of dotan }tin. 1 cnco this n1tcrn tivc Is n ,t used. 
) 	 Tho horsepo1e? of t i ctno is 

proportt 1 to t lic product of the brnkk tcacffecttvc " p cc. u?o 
(b►M*O,*p*) and the engine speed. This iiipltcs that poor output 
can be i c: c,ated by increasing; the cnjiro zpccdprovided the b,.o.  

p. is not to er d. rro cvr, the cu;tnc speed is United d by the can- 
sidoDation.s of piston wii brc rtn , rnbin. - tolocittcs r en- inc blErnc. 
tncrconcd frictiflzial losses, and 1or 	volu ^ aric efficiency etc,. 

Further, reduction in volw etric cf icicney WId eriO: of en : tif)n 
r, s "l: In the loss of b..'..c,p. ct vc rr hi ,,% cn-ttnc cpccds. ,scnee 

?i 	ct'1 is lo not practicable. 'n~ ;- 
3) 	 AJnji. The p--osurr of he ztsphr;rie 

airy 	raised in cn c r,rnzi]. blot er, ca tli t its cknsitr i- crc 
arr^ j rl 0 rnc:1 lrrgcr qicnttty Of Lir i! mtrEppcd in the cyli ear 

uctiv:i ctr3! e. If r,dcquutc quantity of fuel be cupplic 't the 
pottri w .rl powr out iii in t ais czcc will be !11C !. , %( r. 1t, t crc- 

to- e, ta1lo-*s tt by pr(,:crirc ch rrCinn thy cninc c7liw"c_r (t rn 
~i t,s i'~ ,i~.. ~4. 8: ~ 	 the poticr. output 01 an cn ine c'un 	is arc- r o 

1.3 " 	-q .. ~w As alr~ scdy pointed oat, cuporchQrgthg rc .l ~c 

n entv;-- r n of lLLrgcr count ".tics of air in the i-inc c1rr  

hleln r.: gtvc vole trio efficte Cies even Grtatcr tin lOO. This  
air t tU be capab1c of rntn 	Lsrgor quantity of fuel v c..c ay 
pro cin,, ore ? ter. It it clr:€ r fro' i 'i,-* l.1, twhera in ui i?i the 
mere: cc i- boo.. presr-irr j the r.rra of i-id .c .tor ttic rra r] tiar . c:^ 

rprcs cod n4_tiio :,cicc lly, ""he heat of chLr c (1) per cylc In 

an 147 n, cy2 .L't & M is ricn by 

1' z ( n D2 . L) Yi. 	,,, • C 
4 

u hero D ..` thy' dia to of Cylint rr: 



0 

L tlic 1c i t; of c t xaka, 

volwxtrie efttc teac , 
Y 

a » upacific volurzc of air i .Cu tcd 

A f * Atr$$ucj ratio b7 t7ctCht, 

awl 	C - to calorific lac' of ? c1. 

Par an Efgino of glvcn proortiOflS, O!ployt g a particular 
quality )1 ucl and . ootfia . dtr-t;i 1 r tturr, tho obovo equa 
ion ;y Y trrtttcn Lm 

H = Constant x (2.) 
Va, 

', ms the heat of c rrgc or,, is othrr uo cThs tiv. p rcr outpit 

of an c~ t ll c c" i sac i.crc , rtt by rai i' the do v it t of c.ir t tic 

taducttot mmitold a d by iri,rovini, fl Ot Vir vole et!t: 	tct c , 
s 

	supr 	s  

yre arg1n ny t , be dafinc=1 1, Vita rr e z of iutro2u~► 
1r +L3.R. 	.r 'tiat  x f Vic 'Vri 	o c 1.4 1 	4 ki pro urc +-Alb. >h r th rj 	t -_. o 

p ►firs, as as to burn tirctr q-mc itit of 1i ._id £u ~1.So tix c it 
is alo, knoin an, bcosttrr bcc tsc of its b000ttry effect on th( 

der out. 

1.4 W to f' W 	.:,r M u rc rgt vn Iris boon applied to 
 stroke enC hoc ut t", th^ foU .r =n^ o )3cctivc.2 - 

(1) To re co the uoic it of t xo ct per hocpo.r 
lopccl cr in cure ft ce cctc r car c n-lrr s. 

() To rc duc a the bu11 of t' ►c• on t tip: t P cn,*Ole it to b : 
ftttcd tnt.i Q liai~cd - _cc :..; In 1acr ativc' anti n .rtnc pr.LC icC. 

(3) ?a owreo r t'ic affect of a1tf`.. fc on e ,nr ouriit cc 

in aircraft eng$ nau and otati 	+ , Arco to tU1a1 n t; hi .. 

altit .( , 

(4) -.'o au"'►- nt t :c ro rcr of c n rzict :a - cn-t is a o V tiff.~' a 



do'ianded In ease of pipr line pur pin,? zt bons. 

(6) To obtain ht ph t Yq ur, tit 10 i o pc cd. ns In cn h wing 



~  r  ~ 

=AP`s t 2 

2, Z 	(1 ctt. It bcw been i rntrjo'?rc`d that sups re gi't incrc. 

.s  the urge d ' tt7 tn order to producc a bot n pOti: D  out- 
pzt. 1r r+ 1t in en tAcr u c In  irL Thc preure a iti tctnprcituzc 
of tho o f go at thr c*, tric 1ntc tc and cOX-'Gtqucat 7 u 
inar ote2 in thr r z o:.c:uro an,5 t p rc irr: thr- ..out t ic c1 c. 
7bus the en ino fforr o? e' Cc in ito b i ar an r 	to 
the fun€a mtc1 tactor li1r t'.rr tcwwIc ic7 4: , tic l pica': I ► !. or 
flotoimtio, rate of ht 1.z, 	' 'r " :!tAi "`C C 3 ett otwis c c that 

govcrn it ueaOQsfu1 op rat ~L+ n'. It In t °~ t.cd to udy hoyt ii 	l; r4 

effect of cope rcbargin - up i t c r r, '. leto r i ray o cnnr 
suit :b litr of ter rrocor.* if°.c a zlpplts d t-) G . .etual ca;*in c e1r, 

PLC* 2,1 i.o:is t ,c P-V dtgrar for a cup: rc' ,Gcd en3inc c 1cIc, 
TCr* ? r ricnt the attaoancortc Arcs urc,, linc, I 	.  
to the bi  t conditions, n4 I r er to the talzc eo iitio is 
of t c° h !'.il prrs nre c r'ga# ha v r may be the n tur of the 

C Y ? X'' i!`ion pr000 	th pansy c 	] tc. ,cratt c t tl'.:.° Oa of 

crroccio P 	and henco at the ery o co a tion (' 	) 
cri11 {'d inito1y be hiicr t mn for a nztur&&.1y aspiri tcd o !no, 
-'ut t' • it=crnnco In thr rr.sc of pru 	,°v1 'tr,3 crztuvcc 
C±1 Iiiv^tLT'l inLt not lrrf"t `Oa ?^t 	,07enC rCUrC CLia~ •.:,; ~: 
tt 	 f~al burnt, thn qutititi ot thh7 cl r(*n r .ro i cvr . 
eco r-^) t l=- tclT* This is of para 	t t ry t gc, w it nnf , :,. 
zr v ai ct rapid clo crtorz Lion zed cno!irrq t rciiabtlity cnt2 
. `r of the en" lne. 	 I 

Thc rcu1tr ref J.('. Ctvv ro i (3) bred upxi an1tica1 I, ; cr.» 
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ttg .times utt uainr imown prtctica1 c r bastion data are zhom in 
Figs, * ,o It shouldbe ob crved that rjthh the to rr a of au o » 
bbnrIC prascuro$ the Di v torperature and the n:. i :v prc ro 

Co on thorcasit1 ~. v `~ a vs 	 yr 	 t. 

The off cot of supercharge pressures upon T, 3,find Pa. 
for adiabatic and 	p ssio are a io m (7) in `i * 
2, 3, 	&I T3 DC fora :d to mnare< so trig, the degree or,, 
euperchtLrgo, the valucG of T3 bcink; loucr an1 for '3 being :.her 

for isotherfSd4Ml comp- 'fi .{.Ji 	~ I
J i~ 	~ t a` 	, r 	- 	.• 	 /1 

Bot*1 the dt gra 	teueod cbovo rclt-tc t wi Otto en inc 

cycle, t cram t1ic r ites° rcnru-e 1*: nrr rly 000 psi, Thr x.hvj 
our of tho iziui prc, u.re td tcnpera tirc for acntctnt prc rure 
cycle ui11 •a1no br w 	ezeept with V :c difforcncc t1 v.;t trwr 
azirnin preecuro  y c:) up to a uu 1203 	uhorez:W the ►i 

trnporaturc uiU be co pc rettvrly bier. 
2.3 f~. ` c 	''' 	~. 	r 	m ►,. 	 a ucrluro 	t3roczc (C) 

of the Botaafsohc Petrolouo Co* Lobortory, Deft, :rc11an"1, a erc 
the firet to point t vividly the effect of thief pyre uz'c on ht. 
dclay period* They took a number of '''9O offtct Ln die for dtaratio  
(Pig, 2.4) uitl, an ordinarypiston type of oil indicator. The air 
cu :ply to the c ine ups throttled step by step to rat the 1wer 
valluce of i ►tc pressures zftor every. ad3uc r., nt, W It'h tic decrca.e 
Ian i I jetlo ! prccoum. t ti clay Perie'1 z.: yell conk the ^ : - . ,a=" 
Pi T 	 1. 	~/. C O CU O, e * 	ixan l W'' i i 	ri Qtme 	

r ..1 	 l - 	 .f 	 9 

c& C
A toot on a siw7lo cylinder 5 z? in# c ertricntl cn. ' ' o 

oleo c' wed that t e + cl V perietl tc rtduecd faro ir, t 1i0 VhM 
the t z.';o3:c p ecru c ui - c t.icrc ecd fro Y3 atm , to 1.3 nit o . 

Tu e i estira for on 1c a— per A'! boor alro'ri.dc 	Pro'. 
 )r f' r TYnt r~:it:* i o plotted hic rr^n lte in c 



9 

dIicnstr1 djct ra i (fl  ,2,S), * Tht" c r'ge dcn s tty bcint dIr '.ct1y 

prcpoxttona1 t.) Its p c su (P) and tnvcrsoly p'oportinaito 
its ton r r aturc (T) has bcc n plotted aiong th Zazis in terms 
of T* The tnt&kt  air tiperatu.rc in degrcce PPbs. in plotted. 
,lon 	the Y.azit, and th delay period in seconds nlon the 

Z .ats The diagramhis t i.t the Ignition lag decrca e tzi! !i 
the inercac, in charge c ensity, intalte air ten ratnre, or bot'A. 

The delay pQrtocl is also affected by tl.c compression ratio. 
Fie. 2.a of :atncd'y to tt on the C J',R,« enciuc (Cooprrattvo ' wwl 
fc c~.rc:) a+-.z , s the effect of coposIon ratio on clay prod 
for su different C uder of fuel,, Obviously the dolty period 
dccrcatcr u .ahh the corpr'srurc ratio. 
R* 	. . {' 	1 + 	F 	r f 	 "! 	"; , Deton. 

stun dope ids upon a nu bcr of factors, comic iw, both the dcsirxi  

fuctorr and the factors of opuuatjon ► Theec are the cape: of t 
c linde , the situation of the spark plug, ti,c to perzturc of the 
induction oh-.,rge, the ignition ,advance, and the t--pc of furl n~cd. 

Atli the dome of supercharge, the temperature of the o!mrgo 
inorie resulting in greater tewiency to detonation due to the 
inefficiency of the s•.jpc rgor. Poch b y .nr n high nntt4oek 
value, 'brc t^e of the p osenee of a large pe cntar:c of ar ► tIe 
hydrocarboxw, are more severely affected by ' .ig, i teiprraturco than  

t' orc rich in napti c-loner or tctreroth .1. 1oat . Thus superehrgin^. 

gill tend to pramote dotonut on to a larger oxtcnt In a furl r1.c' 
in arotjes t'mn tc equivalent lead doped fuel,* 

It has also been obnomd that when ' sir norms. proportion 

of residual gases in an en :.nc is reduced by effective scavenri*,ng, 
the engine bcca s . re prone to detontin. This is c) x duce 
tie caller r .tto of the residw:],. Buses t , Vic arc..' c',. me r ltc 
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in 3 g1icr cycle to ratures. \, 

rt cry tint coi advita,)10 in a uperchargod sar icnttion  
cn .ne to cto rUms re ice t! u c') rc—ion r tto to o r to obt ► 

in to:e3 cycle tc prz tur s, and tun rr. c tho d ifc~r o.' dot. 

Th reduction of delay period b7 superchargtng in a co iprc• 
colon ignition on5ttne rc ult in a reduction of tr rate of nre. 
sure rite &iring th een4 ta(c of conprcion. rurthcr, inc se 
in cnit', r d&,scet is vant3Ltty of t1M(' f iol, and hnncc ;'.r tcnd-

onc ' to ocs in Itttcd. Ti t~ww Pn'irw Ott scoot' cr« 
1 	+ 	a ' u 	 ' ,c a cot of iot 

do loped in thn e?v inc cy? ilder tr proportional to the i A I ht of 
thh Ch r o indnctcd, Thn heat to b 	jectrrd to the surroundlnZc 

will, therctoro, also be in the c. c rrorort i. 3tt In tp:.rk 
i 	,tlo k fan Li.4 t 6 perc ar to r A'L.rr in iric3r c -omd i►cn4,.crtci to 

detonation end, t 'erefQrc , th c r c - ,nzcn ion i t I o it oii; ,tly 1o:rCrcd 
fron IV; value in the rally

, 
opira' ci1 ct.tc', th it rclttn'; in a 

to .Ter h. of the thor . efficiency, 	w • the proportion of tratto 

bf at is cooparativo3.y large In sup charged onglncc. It ht furthor 
boon cox riwentally observed that in a: tnorchargtd engine the 

tm-wrarreneo of heat takes pace in a rcddu od proportion to the 

Tho, rat(  of hci t flair eultth inerc ccd int:`.c pre tirco uas 

In. ventt 3tcd by Ricardo on a ei -le c7lindcr olcove pave ' z 0 
in, cprt Ignition cn7inc rtirtth' at 1,500 i«p.m. at a c -rccazion 
ratio of .3. The r Cults (D) obtz irtcd r rc ton In tc'aie '«.i 

b lcuo 
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t 	r 'icar c r 	i +ta eat to coo1in tjatc3.11,P. 
at p:'c »'tOt1perr4 i rohargo In h . 	*- 	tobser- 'scar"'<..' 1 
vScnr 	#t tW'c o ' 04.13it ' I i 	. #.'" ri, 	"T*Oti i. 	 *ct ctl 	 1,  
(a i ,) 	 ej 	finder t (fl) t 	r 	'(O!x,o. 

1.00 ' 1.75 ' 1.000 t 3.20 r 10.71 '1'.00' 15.3 r 15.3 r 0.918 
r 	! 	f 	! 	I 	i 	4 

152 rx.30.50 r 1.485 1 4#0 ' 1.25 120.031 2.0 r 27.0 ' 0.700  
t 	# 	I 	r 	t 	t 	# 	! 

2 0" ' :?° *d3 ' 1„975 ' (55 I 39•5Ø 1 3,Q51 41*5' 0.1 ' 0.633  
I 	1 	1 	r 	r 	I 	to 	r 

2.30 t2740 i 2.440 ' 8.00 r 23.00 '31.90' 53.3 # ' .9.3 1 0*000 
I 	r 	r 	+ 	r 	1  

	

r 	r 	a 	t 	 r 

It ny be obccrveW tr Vic ti t raid fact cold that eio 
ratto f tho heat £10 s to the ob crver1 iJ.I . gocz on dcecü rith 
inc♦ crwsod thttii:c j ec cui c . 

P c aaovo cn!~1nc tr;, chcrcd by an c, tcrn3l1r car': vca c'perchar-
er, Wit' z part of Mo '3.TI,F. obcc rct um uc t the :y m ri tic trork 

of the c pre ccd air on the c. inc pistonk. trot the in c 0' 
str i c, Therefore, the values1uo ehoun in t10 ^..1 have sib.-ht cv1otton  

tro- tIt, ca wa . one .« Thec may, 	c r: r, be tzdtfic1 by try,1nL, ifto 
aaccunt tie positvc unit on the piston duo t the Iu pir of cir tto 
is c- a :.its eylindcr and alto the erg -prc aton Or the rccidu:1 c : C.c 

fr ri t c atmospheric prcc urc t t:.c sup rc<iargc pr cure. 	ln 
ulii , ; z' but t' is n tua o of v rt .t i m ri11 stlil be the cc c, 

0*". Schcy ^n? V.C. IoU5 i (6) a1- jrr Q tfi thcte on Cie. 
.~ .C~ .. vnrtis)lc con carrion O W1nc am! fUM that upto cuprrc- circa 

prcc :+^' of 50 percent Gtr1othcric v1zc, V +c icat IoYR;ec t t' c 
cogt r; • to ostr 1incc rly 'o stion-t t t'.'r d rec of c !-,.. 'trge. 
hn c rh'h b c(I to Vac ago`"c ob cry tto:r c:re o t in Fir.. O 
fri r tc tic fo110 ' 	nrr. cc' cry.: ;x c?rw.  . 



Jith inercacod boost prcas .res,, t e poicr out' 3ut incr. 

aoen « 

(Ii) ror an incrc oo In tho + g c of sapercharget the prcen.  

tags .ine•asc In povor is grr atcr than Vic pr; , cc :talc 

inch o in Loo0 to the co lin ; outer. 
(Ut) Uith tl.o dacrc:. a In coi proani:n ratio, the. r into of 

heat 1or'c to t :c coolinr rater, vith. boost and no boost, 
kcrcasea, r  

In a co1prcc3tQI ignition e :tne, ui h thercccd C , n 

c g: t c ape ration of tliO can 	i eo 	rata a& 'r.tcr  

c ntrollcd, so that t'.ore is no nrcc .it;j of loorin trio cipre..  

ss10 ratio. Conocquently,tho them :]. e.Ttciancy aid t'?c pr'.po 

tiafl 01 vaOta hcat rC23th5 unc ne4 rww alt .i.g in i !)ler c i .tn' 
prcb1ot.  

2,6 	o t 	rc 	na a 	`tai ,•. ix Ii 	uekl .r r3  
aid a series of tests on a upercharged strlc c; lamer unit 
Pitted utth a Rolls Boyce and a iapior cylinder rtmnin^ at 1,GOO 

r.p.r - on cor pressivi ratios va ytnr fry 4 t©.?. Thr fuel need 
ua: bcnzol. Fo each variation in the tniiictton prc~. urc, Vie 
air-f tol ratiowas ncasurcd for the ttio ortroiico i.e., torrdo 

the teak end. as ucll. as Vicrtc i c-x1,k ?ho results as obtained 

F)y lith are Liven in tt )1Q 2.2 • 

It is clear From the data obtaincd that the ibtuc 

ra 'e roto nnrTOtIOd do-inn by su crchargin, rørardless of the 

constant or variable ignition cdv nc , t!jt'i a C t cd ignition 

advance, the name Io shifted largely twards t`:r ucak clad, 

boeaii c on the ixal.* end the variation I toe elo-i u .ercac on the 
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rich cnd tho thifting totia s the ucak en ! it too brisk. litit 
tinh ucccnsLvo aduntxnts In the ignition ac1vtnco, the vat► 

ation on either ciao is fairly cqucii, zc that the sit .cal 

arrncont in rctii.ncti, It c! aid further be noted that utt 
Incrc c conprocsi n ratio the .- turn rctncc on the vc i end  

in increased, hcrenr on thr ri'b and it rcznains core car less 
una1 ccted,o 

TAME 2,2 

Co 	octo f Intl ction Inttion $ PcrI 	cnb1C a1" 	j'i c1 
ratio ' prcm; 	r 	* advnnoo # 	titIo 

0 	3i +t 	its ' ! 'cr 1E 

4,00 omm 1301 t *13 

.024 43.30  1410 10.7 

1.47 43.5 1403 1140 

1070 43160 14,' 13.2. 

' 2000 453.E,50  1597 1403 

1,00 48,50  140 808 

.1025 .48,5' 15,3 10.3 

1051 48,S+ 1588 120 

6 0.99 48,5 15.4 9.2 

1017 45,E 15a? 9,6 

1035 40,00  166414 10.' 

1.050 35.0c' 14*7 0,7 

1,,70 28400 1305 909 

7 0.90 40.0 16.2 0.3 

11020 33,00 1302 
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To gig a ir. a al ptcttre of t o reduction in 	' rr- 
r l'c, it riy rougi1y be s a rd that iwoar a supercharged 
+c "one (compression rtjo 7) with an 1ntuttce pre urc of atn.. 
111 oper tc on an etfcctivo rao of 10a to 15 4,. a nattui  

rally aspirated cn i (saw conpresion ratio) may uo h saw 

i fa toril on : tux+ s rang tn from t: 1 to 135tl 

.` 	.- 	aril * .1&CLQflt 	 n; ::: 	,. F:t!1th 
rciprt 	the spark it i icon erg lne , the fo 1oitng iPri , 
a.! ttc one' untor trit'.i Cu rch%rcit * flcc1 co 	o* t woIns 
(a) 1tt i tier: , cfI den t y of nir &'d its cxrc,qucnti&1 

1nnrt ,  .re tn to Craturo, the tendency  to priritton  
and ctonat tn I^ onhu ccdo " hts neco itc.toC the unc 

of hi!►h octvnr fuojo nnc, t°ic 1o: erin in co arcecio 

ratio a 5'O 	(19) in rtn« `2'.8 n:. ct U l rc strictc the 
degree of cuperchrgc th-A am poccibly be prov.(o O. T1  

evcr, p 	E4ti. n and detonation cai aalco be cu rrc -cod 
to sore^ cxtcnt by t inw a atturc 50 to 60 per cent rich 
abovo tho cheiically correct va uc. The a .+ hrticn involved 
in the latter ca o is that by the ovnporatien of the czcOcs 
f e1, the intac to per t xo to 10 rorod. But this i n 
applicable only to fuel, h vir,; a high latent heat 'c,g, 
alcohol grog fuels, r  hot hydrocarbon fuu1s. The adv -
tagc of thte r'ropci r of thr alcoholic ft c1c 1^ tzi1c uCC 

of in rcirLz, car en.-inr^, \ .A 

+fib,) '.fit the .ncrr ced do rr c o' cuprcharging, Vic delay 
periO Ice re&ueci,  tereec the zpr tt of t 'laa tt'ia i3 

acco1erate( . This to r a:cez the to iu1cnco and thn 	ec 
the engine iore scicttivo to ai No1 btu e. 

(c) ho by it loco fart the eri inc is rn t '.ncroaced in pm- 



portion to the dercc of super v in;, Thto rr- 1tt in  
t 	ho pio on, t c cthcust valvcn and tb6' spat3 r-~ u-7s 

ottirovcrhcatcd, Due to the btgwwr ti!xrtttro 3cvcl, 

th c* 1no breors rrebrew  	l blo to d t ,nntior4 as a c1t 

of which the cot7p'o ion ratio y hcv t, b 1oTJcrd, 

ihi i ulil reduce t ho t inrI ofuieicicy art co thh 

rTa(I.h(z.t proportion uatLi. b 1ncrr acc ., !c co tho 

c ., =.nr will 5~ ri t) a still sore ccvcrc- problc of 
tv nt di ~.riratic , 

shun tiv c the (Ir"A rt ",o 1r, '; 07 tue% tort VI 

aileitt" .1 hr:it 	bb rdt osc• of c%'lil ly. I x pr cti o to 
s~-• 	..s ad„~pt~:cl are the prov1ito of 1i_''±t 'ii 	tic 	r-jam► 
tut ni.loyc for ricto^ kith i r ~vcd cooltnr, ar iv rrnt, 

r ;ti  coolie- of the valvrri, adcq icLtc f1or oftir urot r} ' ;i c 

er', rr* nl'i-, wid c jrecici ftnitnc or tutor c' oiirr> am rtt t to 
hott& r part" of t!ic cyit.u1cr 

5orr . ! W, incrcooiinr gay c tr in t'ic fori of It 
cr or utter an n tt anoi tuJ ction h LVO ci* o ben 

-;c ,1oyc1 in case of hiri 	crcarccd cn 1n o ich vo 
ni ,tt i7 acr,  cn tnrs, A1thow " VIA* rr ,tit in a rr-duot wx 
in thn tcnt!c cy to Oto tr° 1'r co .plicnt ions tiviv arc  

qvtt itrrc, 

Dnc to %1 . t11rco t~~.~.. cittc, t 	'or z3. 	rrcI 

gins th' in pro vie in #ci ar1 ttton rn- ncz it t. 	;D are 
tho rote r rc ttn' by 1') porcont, 1otmvcr, trtt L.c flitiw." .  

tocoo1Ln 	rstc, tht poici" r.,Ittn °.-"r 1)n ''sore o 1 cvcr 

-r t 40 to 0 r oo t, the 	titn cra x' ibio  

dn-T about 000 p3t, 



V 

16 
It nay bc noted th3t uprrchai'ctn tprocn tho 

ewcntn' of thc 	cut gwc. Thc calia ileal ofrieloicy of 

the crtgire is also inpz'ovcd bic of the coVcrtb10 inr 

cc in potto' conaid to tIio slight increase in fitcttoc1 

1oOS 
Th 

pablc inio1vtd Am Ouporaharriryr  it sppltcd to a C..!, 

ettto are riven !1or: 
(a) Van Oanger of 	4ktnc Is rciucri vith me!' tco(( air 

nrstt', so that the oper3tion of tho cntno is coottcr, 
btti' cnntiojjCd ant' noine,,lora,  , 

(b) Dac to t-c ppression of,  volatilit7 of thc fuci., tho 

tondcnor to 1noo1 U, rcducd, so t!&'t the uoo of fuclo 
vith a iicicr rws of cctimc nunbrro li, rcneorcd po !.1o. 

(c) 11hc In OsQ int3 4V tC:'rttUVo thaiP rcdwina  

th 	liurtria eMoicney of the cw)inc, also aIts In 
eonstior unlix It tcndenci to cucc dotontion in 

a 8,!. en1nc. 
(1) 2hc cstio in a C. I. ongine La  taltin7, plaeo petici1iy 

n contat proc. iirc, thc zczirrnai procsut*o  &vc1opcd i ( 7 
not cnch affected by tho variation in tho prcocurc of 
the intake air, $o htjh prcs'iirc 	crchrgtng of C,!. 

cntncs lo rosttb3.c, tbuz rtvtn.' igrr roicr rntii'o 

arttI hter rxta,.tcL1 offietr.iei, ifl3pttO of thc tt'hcr 

statical loncos duo to hcavicr rcciproctin' part. 
?o safeMard aatnst the czecsoivo scuff th' of tho 

plotmi rin and Ltncr,  t70ar, owrloadino, of the b arino, and 
Iag 

tc Icalm.,7e icrt th c1in 1cr duc to t 'c sprtaLof tc c U 11or 



licad Colts, sow dc in 1i:n Cations have boon irk:oscd,. ccorU gly 
tho rrT ,mm Lb1c ra irrai pres aura praocribcd is 1200 to corr 
es oadtzv' to a sup rcharge pressuro of 2 atsj1crj cud eat-.- - 

's ton ratio of 15:1. flic thcrca: e i Vorar rating btcircd uiU 
be about 40 to )0 ptr cent. 

2,9 

Prom a c parattvc study of the 
co i itionc in th v' o rcprc cntativr' t;yoc o ' enginos, it nay 
bra inferred the t 	etcrcin c v u1-1 nora11y be applirt] to ct 
.to ceino to c ti rata for d0fiaicncy of prrier arts tn ; 'r ~i 

the rarefaction of ai.r . at bich a' tt '~?r as in a ac ra `t .'1tth  

suitable arrunCc icnt for ii crcoo1in" and rich. fuci- ix►• raw» 
turn It ray also be C : loyc ; for thr increase of per:;cr r,-Uag 
an in military airaratts and racth care, This fill reduce the 
uOiCht and bull' of t"t( C 	 C for 1 ,vcn output at the co t 
o 	ehiction n £'"ucl ccoIirv. 

on the other hand, suDcrchargtng should be appiitd 
to coression ignition cngi cs for the cntcncoont of pouor 
rat..' under ttro oirn s eateg-oriel t 

U) 	: dorctt upereharging a :pi .icd to an cnfincc dc~:i~ncd to 
run undo nvr .'.ly aspirated conditions. The ao 7ress. tt .n ratio 

n: c:1 not be altered in this cane« 

(Ii) 	tih cuprrczrgin„ a plird ti an engine designed spcei- 
ficallr for the g zrroso,, 1:-opin: crithhin linitn t' o pct3rit1e 

nziai pre cur' * Fcra a copartivc1y to wr value of co.-piss 
Lan ratio trill be ad:)ptcd 

lornally the result or sup a harging in the a Tnvo cases 
15 cn a aprvciWalc i rove cnt in fuel coonaq' .nc th^ vc: 'etian 
of erg: Chit and bk of the curiae. 



i8 
It ci1d bo r+ .ibcrcd that a conprcnton i nitton enCinc, 

natw11y a pirLtc 1 or cuperchargc, is Lduas he v'i+ r ' h m a 

spark Ignition engino of the came typo for the ae sizo cnd 
buji~* But tb : fuel a ad o r tin costs are to cr, to c ripe 
ipnitton r=rgtne still eninctc trhoro the haulao load has to 
b c Dept do ,n to r, itnt m is parrio.r r, o ` the ooc t, ac In ci-» 

rnc1 raoiriç ear call s.. In driv ng thr ur .s on icturai 
'ao pipe linrr rind on ctac uorl , norr a ly auprreharec d dice, 
trit.1 cp r t irnitto, or pilot 1njfctin, rc uwcd due to  the 
arz ilabtltt r of gar- in such inntcUattons. In all o rr c r 
coxp°vccrion ignttic en jnes are rost t'rr cntl" used, 



Cfl1FTER 

3 1 ! , 	! +~~ cam,. In a sl pO?C ?(cad cngino, the c mrco in 

admitted t the onjino oyltndcr at a prr nurc a, ovo a o n-.*i.ci'1C. 
cnOO the co aro ciao. of the uir ehargc eztorirl to the cat :o 

in ruirod„ Several MtIioc of c1perc ~arairh have co ftr b cn 

tried and tcztcd end :arc iiortant of t cro aro crri r .tc! 
b 

() electric motor driven nuperchargor 

(2) cnrjtno driven cuperchc.rgor 

(3) underpiston supercharging 

(4) induction raring 

(5) iadonacy n1atCn 

(0) 	E ha..o t gcn turbochartng. 

The fl.rnt r_ t' od requires a capz'ato paicr .vu o, 
Al orar tively, if the engt a in goneratin parer, noc of it 
Utli have to be eu'Fpli d to the up rchar or at the O2CflSC of 

t 
the not . r,r avilab1o,~ 

The Occ3nd tctioc1 t cro the eo ro ter or blaauor is 
drives by the en ino itneif in one of the most uidoly used 

h c w, The blur. are normally used are either of the ecntrifu., 
ga. type., or of poitivo diaplccscncnt typo, mot% cc 	of thrcc 
bean, the flootn, Vane, 3.1.C~.B*?q*A,. j Ricardo tiobblccplato, 
Uacilton uhitfield ant L hol ! bloiorn. ` cc procattn ; co rc orc 
aro wood only oath alai cpccd OnLnez, thcno 'both;;eolici, 

0 
bul cr an loco C1pC:webbo than the 	ro nx bbo:c :.. 'c 

~y~a ~y  ,~,~'► +~~ rr,/ /~~y ~+ yf~a~r► ~y  Q Fw 4 ~r ry

ro 

• • 4r 1. S.r ~~' o 	t 	ci Inc ':o-jc,L day L~»t.J..a+JJ. ~JA 	I 4, ~.L V.~.r V:;f41 



20 
blovers, part of t~ais beinr offset by the wort: that the eo pr 
awed air does upon the piston durinc the Induction strohc. 

Under-piston supercharging has been used only In large 
amine engines of the eras head type. Obviously there viii be 
tuo 03 fission strokes in each vrorlking cycle of the ongi;.ne, 	7 
and therefore, the volunetrtc efficiency need not be high,. 
This arrant-,c cnt uar. first de' eloped by the 'erkspoor Ca -Vann 
of Jstordam and the kn 10 Gann Pctroleu Company, 

or uchfev yr, the ran effect, the rar try- pipe nrr n_oc.. 
rient in sire le and ctfecttve g but the pipe should be tuiod so 
an t induce resonant har oilc air oscillations, thr kinetic 
cno y of ihtch *rill rrovt tie the raring effect. The not inertia.. 
Sc of pouer output pone' ble by this thod is only 20 to 25 per 
ea*it, uith the decided dinadvanage that the inlet beeows noisy 
and t^ often difficult to accor:odatc conveniently on the On , .hhO„ 

The Katlenacy systc.r utilizao the energy' of the czhaust 
such that the sudden uutrush of the exhaust :.arcs prat?uecc an 
tnnta Eu'IOQuS dcpressiz in the engine ey nx er, thereby induct► 
ing the czocss of the fren'i ehrr e, to be sucked in* 10 icvor . due 
to small increnco in power output, tho system has been confined 
to tue stroke cycle e ; tnes Daly. 

The arren o- oat of pre^ 'u re charge nc by exh5u5t ^tie 
trlvon - eo rescors, popularly iioin as t~;,r n0ar a , in root 
co. my used, here. t~ .r putnnttn ezhauet of t v on *tnc cdrlves 
a tt rbtne, the latter be Ur coupled to either a centrifu a . or 
axial flee cprescorr 

Out of all the notheds, only the second and atzth have 
s"rvivod in connrction uitt, the nupere*iarcjr of internal a ab. 
uotion en~inc3. `'h' sri .will be dt~cu:z:;ed '..n detail n t sued. 



din r r to1cc t r~.dor the fo110 rit e tuo bcadinga s 

A. Prozuzhbo chc rrjtn barte&tnicaUy drivon eouprcoors, 

Be must aus turb3ehnrginC, 

: CTTI41 A 

3,2 	 a . 	 " o 	The blr r is cccnt  

to t Awh the cn3ino 4th adequctc emunt of t4r at a hi, 

eltarcc dcwity tm1or all oprrctin condition !.►i mt tiwj up 

a dt^ opor ionr tr. aint of po xr. It may city or be t9 ,vc' 

cc ically i.e, dirctly from the civjlne, or by an 4 : 

gcc twi Uno in which c+ uc it iw !morn as t r'iao*.zr . ` . 	 t c~ 
rr4. ;; r.31l r in nigo r.».d po .,ore 	rri improvcd fuci ccnnomy 
in triiiab10 for the supereharc1n of 1creo diocci cn in 3 

of (; C~s0it.? Crcat r Mm 1!) 1$treas Thr uori ing cMa cac " a 

ticcc turboblo7cr in hipli only ovrr 	cla-_ivcly arrou .pccL? 
raxto td t ,-t too on the upper side. ut vhc 'c hi i t rqo apt 
o cpocds is requtrod, as In autos obilr or earth tovin 	ohtnor,  

the c:in In tucl Ocortoiy of a t .rbo-b10 rcr breorics proble ticalc 
a 

and! V c echanica11y driven comproanor provcc to bo/j'oal assot, 

he r iccioi of a constant potter engine is also fulfilled on1r by 
t' .e class of bloiers thorn the nog iir ont is a hiCh do rco of 
cup wo rgo at lou opcot'c and little suprrcht ree at full speeds, 

The ocono-xtcal lit t of cc &m.iic"l upocargin 2.c 
ni ~.:,; ,- 30 pc r cent u' Ac'i gives a b.i.o.p. of r limhtly roro thin 
100 pile Above t?I1C 1th1t1 t o 5 :ier Ldb erbcd by the blo icr is 
c eesr ivc as the late of d rAnishin rcturiiL3 holds good.. to 
acct.nieaUy suporo .r-;cad cos.rrcia1 cngincc,, the pr  go 
prcccu Is ncorl; 5 to 7 pet, Ho'jovor, frovi the pcotnd 
poLn the Irxnortant chnrcictoristies of a :,Inner ar ' 2.t:- vo - tric 



officio cy, adjalxAio offictcncy, t.r the xtco i,i c it tc pc:r t ro 

ac c; .t, 

3,), Vti 	 It I:, a t:..r uro of tho oueeo : of i 
bloucr 	'irCIn the eylinic :rtth air$ 	Ic c1cf' rod to ':o ratio 
or t1, : oetual V)lutE if £roo air Inhalcd (at C.T.P..) to tc ctipt 
vo1i :: of tho pc  ton. filets the hi hor t o vo1u*_. trie c2ftcjcney, 
tl1~ 1o:cr ~till be is c cjzo of the b10 or ro~.~iircrl to doI5vc?: tho 
rct . c i ;mant of ."# Thu ot)'cr 4ocirabio chLrctcrjctjc i 
thn vol of .c cf CtrflC&DvC C1u~4d b: fl? t, ra t:L.,t 	dcli. 
Yc C* tc rot r ic1 affuc c : by 	- r pc d irar brick rirt ,:J c!i rc  

;ln ,► ':tt wil:, 	t 	rn^trb to receive fairli too rLLc 
cr.'i .,of air pryC:cr. 
3.t 	it 	 It is "^ `3.ncr 	tho ratio o t cr ► 
rccraircd for ad L.abc.tic Co- prcM' I on of air to t c Lotsk.l t r1w- 

t to the eo~prc w• c or+ Th ar:ir.a, .'lU c'flcincy of, r'. c 	 :..., ;or 
is of V-•rat unit iort..nec in a tcc ..:.► Uc.11y thtvcn cureirgo 
tic ` cetW both tto motor conciacO by t'2c blo .cr cr 3 tlM 
tocrntur a rtoo of d ,r dnIn; oor,.:rc;rlon, In cracticc the usual 
ve-datio of a l0ctio effteNy Is bowwccn 5b to CO pc: •e t, 
Tho ovorail =~c' mi al cfficicacy of the blo:ior Ic c 	a r ? by 
tho at icb ."tic Cfrici4 ley itcclt.r 

From the t, otnt of vtct* of paior rcquirGC!t r.al tcrp- 
Q A 4•~̀  V Ii '( ttCwUTrT 14i 'r Ctfl p'ioCCT.!t 0t:+liilC LI pt iQOV11crr l 

c:nr tick. ',rho 	cA:ntr. c obt 1~wc&.jc ol^r.s.w- ctotrn ii Pta. 3.1, 

Icothtr*il e pi riot rte;° b- cclAcv c1 cit~tar by Wprc. 
ytnn co1cd 'tatcv or tr .tc r 	rtcino1 durtn co iprest io 3, o by 

e ployInfl t ltictcrc ov± .prcc !on ':.ri'c'h int rcoolinr. Goof e 'tit 

t' :c c 'fcot of L ruxtr' thr o>>Lrgc '^r!r-' 	o41 act" 	; Ic 

ctq -. lent to 'nwr-tsinr► the o'iargcr cff icic ncy. tipto coot GO 
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per coats cooling of tho otz by 10 por cent 1n rcaset the c!isgor 
cff'tc1x cy by 5 per cant. Ovcr 60 per ocit cooltn; Civcs a mDro 
than proportionate trrovcrcnt, lknco an effort ch u1d be r.-lo to 
atOVO the 	mU poo iblo eOO11rII in pDo tcG. But this qu rov 
c6t1it1on: l equipment/ant, hence bccotes norc co lox0 In cow apps► 
cottons like road vohiclec, intorcooling lc scldoi prnoti blo . 

3.6 	It should be unnorotood clearly that 

etion of rnzprcharginrj in to incrca o th c rgc c cr uity tihic'j 
dcrcn l-o, upon tho ch.-.l.L go pi4on.1 i14o mil Lcz porn kurV# ail brz be  
illustrated (U) in F .c. 3.2 uhoro it y• bo o` corvcd LhL't foM 

o n:tnc prcccurc r t to t icothcr1 e proccion ive tc' t'.: "» 

tc crco c cnnity uhich r~^ciucc for adiabatic co rcccioa t'ith  
~tcc;~ = n ; adin~atic officicacl o. 

It ch ul 1 al s) be iirkcd th" ; a bl+oicr with an c:=OL-

ercj o' 2rrc than 25 per cunt in of no use from the rotn2 or t cu 

of 	o r3 r tn . But uit further i.a vcr t In oicgi there 

to a rapid Incroaco 1n #'urge dcnsity in so ruse co tho 0 per 
cent lire corrc po c tore or last to that of Boots bless . 

i practice, the per rcqutrccLto drive the Ouper+arror 

In cico taken from the engine uhi h actually is obtained by the 
ce nzsu..A tion of a part of the ooygcn sups ~jicd to it, "thus uilo 

c^ i ;ling for the Dine charge avziilale to give e a Vvior 

of V r' on ino, cutta)10 (CIUctioA for the inc osod blo' or tout 

eh  ehnl1 of o be t at o, This has bocn Bono for a typical cngi o Gi 

0,2 I*1.Po per cue ft. per em, of free air supplied, antl after 

dcductin the fraction of the total c3fcrge that has to be burnt 

to tvc the  ,o.ier for a r1 	of jcicnctce the th cA .e.O in 
u 	ehrr yo 'oic t t for varic an prccc irc rt1or c boon 	rin 

{"~,1~ -1 ".'t"o 30s`r e,' ~i to t c Cirmireho 3.1 Car' '; ,.:3 it r ' 
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i f oroci th it for h1 "i M 1abatic of 'tcicnoi , nearly tLo bolo 

of tho a itio 1 of i o is avaiib1e for thc Inc ..,: o of jior  
out tt, rr'f ,lo at lot c.heicnoio a oonside ra lc proportion. 

is cinzirid toeriTo tho c.igor, Also an cnCizw.11vcn c! rgor  

ryeth an offtci l of about () pox cent to give any t cr a. 

so In cn no output a. z 4nst the re trcnt of 25 pew £+ 

to G D ll7 ivrrt c rgcr. 

3.G , rr -, a r "-I r 	In pauco a rare of the tz 1 Input 

to .'io blotcr Vs r covert blo dur to th jncutic operation of the 

0Z(inO at' an air rotor Burin;; the acatQsion or ti c 1i pre: cure 

ol^.rgc There Is o czpc-: ton czce n-tin,,' th .t as ced Cuc t t*,.c 

p u dif fcreaco recurr1 on account of the piston : ,, p14wcc. 
c . 2si if `l be the prcacuro of the otha tst r rd 'a the procouro  

of te co meted air c,v-roo adrttttrd to t' e o;io trte c i .fi► , the 

Vox 	9a!tcal r\_coY..rab1c orJ = ( 2 l( ..V, Vero v i1; tit 4lr;AV1....00- 

e 
meitfrluao of the m inc. i .coo tf ~t be the ! zttte t ^ , c'.ext 
effietcncy,, the actual lort• rcc vorr:d per cycle util b V  (1 1)v, 
The true i icn ofTictcne7 is about 70 to 80 per cent In practice. 

In an actual angina the .htate cmlu c opt i or trio 

top dead centre and closes after th .. botto i dea€3 e ntrc to cmure 

the 	S, an ftllin of the cr1inder, Any air that dace not enter  
the c ltndcr &irin;, the '.,nt Ewa strolte t All not perforrt my ur c;i. 

uort and so no . rrcovory of pat wr In rocs I blc to be n.0 c o'it of it* 
T, is trill also mho the air c►tor offiotorcy louor. 
3,? r 	;t 	a 	.arors of the r iproeattn3 typo 

aro noted frequently u .th slo i oprcd one rocs, but rarely trig hig i 

apece t 'jinc. , she efficiency and delivery 	ctortnttc of 

tbtco bto:ora arc g xx ujt~i the only defect :h.'_t th ; .re b 2J':tct'. 

c delivery In tc' Acn Pia - .i gene cr.: va -sore Vitro  li.t 	: -~ c 'oK 



umi.c'i myplicc tht cociprco icd air to the cino. !orr ll r oe h 
o7 rotor has Its atm.. reciptocating blo'ror, tIm rondo ing it 
pozciblo for the crginft to tnko place un&cr opttaui cant itt o, 
ho piatng of the oo o or and err p ctonr is VCI9 iOrtCUt, 

bocc o if the to are in pse soother, t : dtatcly o i the, 
opcithg of the mot valve a dip till occur In the receive? pro 

IrQ r IiO1i will co ttnuo for the entire chArging Pcio v ac a 

ozu .t of trhich on the clocking of the inlet vclvo, the prccaro  

of the cliarco trill bc ffictcmtlr lc i. This in order to cnciirc  
than trapped charge to the o7lin mr the r1inc of the 
tuo piatons chonid be dono in otich a ua: that in t' c , cr ; g 

the prc^eurc Is lo trhilo at the clo^u'r of the inlet valve ' :ie 

proonuro is the itztma,. This has bccn cl i .cd by PIC& Zd in 

tthioh the inlet valve opens SO° before top doa3 edam pOtLan 

and eloecs 4 O0aftor the bottoi dead centre poattion. A a1: 3 rro  

tis stn^,lo acting comprceorc uith different phaco an^,lc e 	r. y 

be coon that the precenro of the air delivered by A, r achcc a 

~, € after the inlet valve o co, but that of the air fcli 

w-md by B to the a than at the very Inc tans of the closure of 

On inlet velvo, 	c the phasing of the oo cocor . 13 for the 

give W.ve tintngc is tdcal* 
The Py djwrcrm for a reciprocating air corprc coot' Is 

o- 1 in Pig.. 3.5 dhoro the air Is co: rccEod from a preccuro 
'3r to " . 1og1cctjn , the intake Cl rrer, lvo rcE.tottO ci I 

t, 	taro off oo try canoed by the valve: t $ tic ltwc fro a tr .o P 

tropic co cset'n line, 
n  P1 ( ' (.10 ) + Val 

T~ 3 volunetric offtciczcy,, 
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A plot of tho voiur. tric officianc &gai t tho 
rcictivo cIoa cc volt .: • Is sham in Pt 3,,G t tit nl35. 
It *4''ouid b noted that to otfcct of øieaneo vo1uc, u 	tho 
volu trie atticloncy is vary .rich pranol2ncod at high liar ao 
prcocity. Pro  tho td zl volt trie eftietcncy viluco, about 
r) 

 
to 10 par cant should bo doducted to acct for tho o . paro 

Vhic"a1 tncrCaocs r1th t 'o opccd. 1Iit is iuhy tho voiut trio 
otcncy of rcctproattni, blo cro in ouf `ieicntiy U& at icy,? cper cm 
uhic'li juo tifioo tWr, a `o for rho oucrthrgtrz - .),g cio`a cp~oC c , ,co 

true oL voiurtric cffioirucy varico fro- i 70 — 00 por ccnt, 
Thc Crory roguirt 1 par cycle by the a j i co r to rive 

by 	
11 	2 Va + !_ ,!?i - 

n.l 

p1V . ) 

P1v1 

Thus if 1' bo the nuobcr of cop1oto cyciao pr r .r , 
for tho a ran oor the horfepo r rcquirrd to drivo to co 
prcuMar ndor Ideal conditions  

p3 ~} ~ 	' X 

330000 

4a o the tdir br tic otficicncy of COQ c0orl, 
P P1vt 

YYr ) Lg4 Y 
	I I fl 

 3flU 
Uyl o" ♦ ì'ct~uir,; i to drive the 4"'o:'-;rccocor a 

It r"110, jd t rc n,.)Cncd th!"t the I=v dtr'„r'.r r-, TT 



I 

Via* 3.5 Zc for the iea1 ccnditia .. Par a1 actual ca o t!io 
int1tcator diagram i:i11 be iociImt similar to the ono do rn  

C« 3,7 
For a eo prescor ctp1oyiii Z ista o cooprosBion, 

~7 fDor a prcuro ' to ' and F, to P, etc. tith 

intercoolin bcteen the saes # total york clone por c to 

w juu_ [P1v1 
{, 

(!L 	P2v { 
 i 	 P U  

F3 3 	( 4   
L P3 .. .► ~ 

In eacc the cooli " - be 100 per cent efficient, 

so t1lat. 

~3I I p 

It g al c bo oirr t c t for 	it officten y 
equal iva1 work sherd be done in all the o teen,, and the t r zhiild. 

be cooled to the initial toporturo bctroe tho s :age, 

The effect of rcc©vc ra ( ork and of intorc.003.tn on 
the uark to drive the mperchargor has been charm. by .,.l. ii 1ZteI 
( ?) In f igurc c 3.8 c M 3,9. The grog s t or€t ritpendcd on the oiip 

orc' r er 
.1 

Y 	'1v1 [ ( ) s.l] 	cl the recovered 

york Is 	~t ( Z. P1) E# uacrc ~ Is crtou: tic tranrte2io1 
offtolcncy. 

Th w the net work to drive Ct;c outcrcharger 
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W' ~t (P2 P " )V2, 

hick tthon crpr sed in torn of the cnginc xaen effective prc 
cure is C.iv#n by 

F 	P1, 	* 	• -- {!f1J_k (P2. P1 

As ,c ir. ' 70 per cont as the terricnl veluc of th tr nz 
ni..cion efficiency, a plot of the grass a el net b1corer tovs  
hac been "de in Fig. 3.,8 for the different valu ratio, pros cu 
re ratio and adiabatic efficiency, The volume ratio is also same 

r ealld the boost ratio,, bc-a u=c this in effect to L'_c rstio 
of air iss floe for the en ;tnc euporcharged and natul1y aspic 
ate . It ehr)u1d be marked that with the increase in a .iabatic 
c Tieicncy t the blc rer rcr%l is consickrz.bly reduced. Also tic 
p *cscure ratio required doe- c oc tuh ic trill re'ucc the int ..Iie 
toporature as ucll,  

Fig. 3,9 is similar to ' ,a•. 3 	zit. the difference 
that here intcrcoo1iu., to 3O° (1220F) is also ony1oycd . The 
upper continuous diagram represents the gross work and is c zctly 
the came as shownn In the previous figure. The lover dashed diagras  
also sltxsw the o 'iiork but with tnte 0l.inC. It s1tould be 
noticed that thr intcreoolirr reduces the blouOr cork considlox . 
WA so it is of much concegncncc tThon e c blotter a fictci y is 
poor* The only diffic 1ty is wit' the ntoreoo1cr i hoee size is 
fairly largo,, 
3.8 Rzot€s 3.+ s 	It in the sicpltst and the most co'tionly used 
of all the positive djepluccncnt blowers, Ilia•. 3.10 illustrates 
di ,-.T tjc .1lj in cross- scctioi a Races blaurcr rich cc~icistu 



0 

cciflta117 of to d p ac2nt + Ioccntn lvwm a tcjoicr. T -so 
aro #carod of arnaily am s',i rm, and vo ftn c1car ces (radial 
0,004 t, 0.003 its, and end olcarmea 0.01 to 0.02 t,) bcttcc 
tho Ginn and tho lobes of tho tnpellors, The i! . o11ors also do 
not touch each otho and are oop it tcd by a fire do vano ncar3i 
of the sarne order, hc tl1ors ry have trot z r lobes 
of tho opicye1otda1 toz' as s i n in tiu 3.10 3,11 and 3.412 

 poettvoly. Duo to the plain rottition of the indopndant ol.c•► 
iont of the Roots b o. or1 the unbc1cnccd inertia foreou are 

coEplotoly absent, znd 00 the blo Tor cxy be a► 	tcd upt3 a cpccd 
of 7,000 r,p. ", 

flc c: air to dratin into a definite lopl; cocont v: wio 
bcttrccn the canto, and the lob-ca, tihtch is then carried a ~ nd  
to tic dise!m ac Tt 'vit"O o Cwpmc ion! L3 coon Cu the cntlot 

part is uncovered b7 the t oUorp the ht+ h . peosure cC&L froi  
the co vc•v f1osc b- c'• i cvcroibly cnc rioeo the rrcoc a r of 
the loplacct1 air tantu'eouo1y to the vrccivor pr et rO, 'ltt 
the further rotation of The t; ral1cr, the tituro of the trapped 
air c' tho b;, .c1 floc from the receiver is disobergod into the 

Sinco the tra cd air has not been co proscod by the 
it Uors, the vo1ui of thr air during its ps mco thttjh the 
b ~.r ar rc-ai o3notant. This cycle of operation b :s bean rcpt 

cc: tcl b7 .L . C!) in Pi'. 3.13 . !4t In CØtu1 DrCttCC  

so cio itaryg, as ointcd out by " 	rn (U) u'io otudicti it 

of a p ccui'o icbup fitted to the b1 'o c .tn:? at P 

ms u?cn tho space A to c 1ctc1y filicd up irith air, and the 
l&bc tip I p ;snrs to cd e of to delivery port the p cc u T'c 
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of tho delivery > p c 3 bcig hichher than Al r p s uro tmvo 
is cot up It tr c1r utth the velocity of c imd t - i Vic ra Uua 
u' .l c IGt f+ u tincn orater than the lobe tip speedy, Thu- thirttiC  
the time the lobe has xovcd by ea t 10 - 15 doe., toe t avv 
i!pt en upon the tip 11 and so is rctlectc1 back trtt ± cn tnerc► 
ascd ntetity, TT: s hrs been rcprcnexitod by 1 . 2 In Pk. 343. 
1 to the urxv+o has reached balk the sp^cc 3,, it 	nti, ^a 

y 	 ` 

a (Op1 Oj . vW O in `OriCd. ' it also prop atca th u h ti:o 
a pco awl t reflected b c as c'Aava by 2•• . Tho pre r u ro o' the 
d : c r opaco a b'ir; hiG! r 	tn than the o eo ,i;~ c.a!aotlif'r 
c 	ro-jo ttavc to cot up in ,c.trd by 34 in the dtagr.  -~,. k.in 

the dcprr%srion rw c i.; produced (4 5) wtrl the sac process is 
z'rpcstcd t U the lobe tip it ptinses tto i rrrcuro ptei.up po nt 
P. 2M r,"Iovo thst in a Roots blotner, Vie air in n t cicp1cccd 
sitply, but to also s'ib4oct to violent presvurc pulsations 'TYit 
are act up iitia .a the Owing as troll ao the duct* 

AS the irnc11er hvc to dtop .Lc'Ro t :c volunc v 	.z> 
the yr esSuro di `for o (h - h~ }, the theoretical t ry of a io3to 
bloucr i!s given by the area l23..4 (VIC.. 3.*14) and Is cgial to 

t;C otn a 	(it )  

loi if the coripresnton rc adtoatic At no loc duo  
to ri t or friction the uorar done in Vic ideal toøntropto 

;* :res or tr ale' be Ctvc -i . 	i.e. 
Y 	 Y-1 

i MP4 	Y-I h~  

The ratio of t" c a 3ovo tics is 4c' .cnz,tcd as the tYix 

or adt~'battc cry icicncy of the Roots eo r,e or j co 
tl .t Vic tape officicncy 

= 	rIc t't I 
zictm 1 =:or n r~ ootc blotter 
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It c ould be noted that ai B incr a c , the typo offi.. 
etcne + ecrca en, iibie" , an that the R,;oto bio for in 9i1itod 
only for small rmzsurr ratios, C .7 up to 1..5,E 

' or amount of l a1 a, Q a.i. *a ii t k rte+ lace 	.+5. ~ti i the 

cicranee bot oen the tto imv Uer€t and tic c r..n,,q t!,r o feet 
of it1c: to to redree the volumetric offtcic:ici. The rate of 
1- 	o is p portion ]. to the c1faranco ; Intl, the pre: ru c't ft». 

and In, mono or 1os unaf cctcd b7 Cpo d.. Scorpor (13) 
hr o ,r o tod that the lalAo -t be tkcn equal to cpk(141O . 

+c = radtc.1 + 1ct4' e, tn, 
p = pDOe ,arc dtfforcnOo,, in, 	o 
2r lngt1i of rotor (ip fl  .or , in. 

d = diameter of rotor ) in* 
k = a f10 i cocf `icIcnt, iii& :as boon plotted 

for var10u3various pros rc dif ' re cor in Fig, 3.16, 
11 blo for di8p1coicnt par rovolutton 

r t o a = zrca of croun-.«rcottr~x of the rotor. 
Hence the bloucr opacity prr em, ,  

.cpk(i+d) in.3 ...(3.12) 
n bola- tic rotor speed _n r.p.m. 



or Q ~s it, (4)ct 1i — k2 [(&)d. + ck] 
	

(3.13 

u lore Tel t nc? 	arc conztant, 

co voiumotrlc effic1oncr of the b.Oiior 

r aisriacc .on 

r( __________ ________ 

k1 
Clirn.nat .nr ( ) bct:rc ca cqwtism (3.13) L rr1 (3.` 6) 

and t 'arc ittatin thr o, prN mion for :-'1"'rtric rf tcic:,xy 
vith enpcct to the rotor diamctcr, and cquatin,; to zeros tac 
got 

thc opti rir rotor diamotor, 

k~ n, ç1r~ k 3,~ Xk  

Froi sq•iati ,n^ (3 14) nn' (3.15) , a plot of tic voli 
110tr c cffi icnoy awl the Opth r r)to dia tnr taint ' tar 
speed has bcc n th na in 'i -,,, 3.1G for different value of the 
biotior oar city. It Moulti be obeord that the voluootrtc off ii 
oiO 7 or ti r blo-or is fairly con, nt ovcz uicc rrw!c Of cpeotie 
c~cc t at very l u - orcc ri, for chic the rcotproc1tinc copczcor 

4'ic idr i c:z,tcc. i'"itr 4ktcrncs the ruttabtlity of t~ W^ blt 
uo- for a fairly ler3c rrnr of cpccd on the icr Wo a to c 
the io' 0i ter required ;r 11 also be fairly eil1. 

i 347 hoir thc por'o nea curvc for a Roots b10 ior. 
I t y :e cco i t' :.t ' b the 	rcamd beo3 t pre ~u ^ tc tc - 
per:t1re of trr rir 	on i arra 	, Thr ;h t c vol tic effi.. 
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ocLor &crczuico tith t . c 1oc co of par ~v~ $ bat t1c mto 
i v 1ot. Tho lor.icst v ac of voltr r tz tc cffictcrtcy is abt 

15 pox, ccnt for tia dicehax'ac prernurc of 10 poi ,Tic adab.tic  
cffietcncy of the X.00r i.n mesa sufftcit1y hiGh for d1omo ra 
p csms't of 2 to 10  

in p after, Roots b3oor 	b a u cd most frcacr  
tly for uperchritn o ' cu".ot xttvc and s ctimary c Ctrs for 

~. cr outi.ts of 'j0 to 

	

	per eant sbavo the u p Te r,ca vvitic. 
Xt hr bccn s o rn that zt Uootc b1a.:oP 

Isttct1 for pur tios up to 1.0 o1' iuc to tho Inc : cc 
lcc; a 10 r at hirlicr pvc :cura r .tics oni thc dir cult r €x'., c4 

nt tt! j eonctc rtt c1c r noca at hisih npcc&w. :10 ovcrc l. taoo 

ff .c~w ttce , cn. occcntric 4ruu con e wor uac totec1. 
drut, to tf;c4 eccentric fly with rcspcet to thr 1icQ~ 	- 
riczi acidA, gs 	h c slots cut longitudinally In m'hic*i .r a c ► 
a! W1 adcs or vu c ezirt y1 ck, Tho latter may, ;, c e .t..c r r to 

m SC:S spr1ii to rd or cch2nicitly cc nio Tho ilcct c r.P. 

nPlo of the tvp in M n 2.2t 	c sho''n in Pt . 3.W. Tho  
c%7 h ,vo either 1,2,3,,E or 4 v'c.nc . '`crc, too# artr_? tho 

air i q t pcti, it In carr1 i aro tnd rim crauttaUy uithin 

t' o + -a ovs ccparate by vane., siuch thzt air undor oo co 

a 	t v coprcrttm ixhtch is more or less, inci,-nMemat, bccuee 
tir- q''r-' 'cxxzit in a icbatic C tct a t too cairc. Thuc thr 

0,c cr op r ~trc r inly Ithe a flsotc b1 t7. cr vit', : fn ..l7 uidfoA ri 
(!O1LVCi Lr c i-cflo:r of co ,resscd .sir upon ui c•a -rtn tho vcno 

In Vic earliest for- of these Movers, the r__nC3 ucre 
heal in oli lin co itdet Vitt . the tnor c-"i' cc of the 
O t"''c Ur c of £ -. iicisF.italc for i t. ' : cpccc orcr::' c 	w wa 
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Cnr tosupercharging* Thus to overcc t is biro frtoti 	u.'1 
weer + . 'icl'ltr, Coio mo,01ficattons uoro Introduced., Thir 
b u, t Into oxt tenco the ' &wva1i Coprecor shorn in It.3.t9. 
Pcic n ciUttonti co .oncnt is the porfortod steel r'zum i ch 
is free to roll on t) r inner .urf-vcc of the et 1ng fhu urn the 
drum rotates, the va co are alto carried along sit, ttt the 
ro tivo speed of r , Ung' of the vases upon t  rothttn3 slccvo 
is loiEr h.ic obvtatra to ro'-m extent the: frtctto i 
dtffic ity. This b .o;or jr +cr rablr of operettas ; at aborit ,OOO 
r 	a'ains t the t tilt iv ;nc blo :erg u iic ► runs r t l,00t).-1.; 

A further ro; f i jc at $ mm introduced ttras iii that tc vnms 

7crc not nllwmd to contact trit't t o c to 1but ire hold ^lig :tly' 
apart so ;?s to preserve a sma)l clearance botuccn the ca: of t'c 
v . 	0 

 
the maser sue ace of Vic easLr-,., T x ► 	► , ^ ' - ;~, 

.rte 0.' t Ir type is u: .*own to r .-s. 3,O. flare the v cc are 
r ot!n .rd on eccentrics ,A s.rnd 3 u#kick rotate roinI a fixc4 point$ 

cocettXc to the c r C. The vanes are^ capabIc of s , ,&tn In the 
no.rroti slots cut for them in tic drun, thrir nvarcnt bo .nC 

c
c itr,Uc9kt virtue or the r otat +cam in such a x-ray that a 
C1r,r OO .;m a1 ra s loft bi tuocn the, vane ttp and t).w cnsjn *, 
c r 'cco. Lime the elidint friction has been co, ete 	cast et' ► 
vitain thin case. Such blo-c : h ve ' a'i c ..nlo r: d ulth w' ewes 
at cpoc1s upto 2,500 r.p.. on the racing tox-c.-.rs p an t trd 
o rim? t , .7 on the ace+ c , Lnr; c e nell. 

Another c~ C f l.0 of the a')ova type is tl io Ce tric : ] 
Slim-a in fief.. 3,.21.E it has a dietinujc1ga fratnira apart 'ro 
th e 1enerth d a. ovc th •t - the vines or blades nrr: ra ''io to the 
fide o 'lintcr CL ̂  if. ' . .ages arc ttlr ODtCd on tr.uni' 'l bioot'r: 
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wiioi are 3lottcd cyltn'x ic,-1 rwls of Fab il, t' 	co: 
zm ; t of rocs trt-; and " 	,r, The drwi cmytn-r th v:-. urn t^ * U .0 
r cr. nt,' ceccntrto on t.tc, *in bail bcarin um cnif it drivcn from 
tiro ho lou central spinc12.c theta! ;i a p .r or ortaa'nai cnn intoi• 
nab. acar The ace botivv dta s 'ic.fl7 oppolte to each other 
arc cozntor balanced and a pro ico little load on the ball bti 
rin i. The vncs do not t ue%1 Vie carin,ry, u are kept njrt fron 
the a, in by fine cl'arncc. Thi c.tiig anc cnd platrc to da 
o alts Lriium and r:i::cnciva alloy, tcrra ter venc ar of 4x at 
t r 	c2 nickel chrome ttccl.. 

Thic type of b1crici s give 	 u a~ operation at 
upto ),000 r.p.m., a , are e .p . c of 	tnt~.,Int ; r: '( --,t CC 

01, r') lb. per cq. -in,, above at sp oAc L,a. even T-41, cr. 
: a l'it Aa a -oo volwXtriC offlctcncy even at lor cpee?c. 

i h ' : etc tyy-- of blf , c 't ntvo pnln t 9" 	; " ? , Cie 

freqitency dc' cndin_ u - n the tbr of vanc in the e 	c= o .. 
ii Cre't tho' ca.--.iot lac a nnrctcd directly to the inlet forte of 

e on thc. In ; °c.cticc, they ( icharCc into en at rcccivcr 
vhio -̀ co--,-, n1c tew viii tie ini,c ports of all thr eyltrkdcrc. 
oucw r, the + trei ar c fro a ci,i a vase 'j' + jrr Ic i enttcr 1 to 

that of a vectproce tin cry rc . coz', :d so the razivn f il1tn 
of the Oyltndcr ca b obtz: wnod by proper pa in . -

hc voiunitric efficiency of t e v:lnc t,- V- of 'plc i 
v:: i.c.cbetziccn ?3 awl 05 acv ccM~xt, :4(? t e rrta tic ar!Uci = cr 
is i:u4 ~.i 40 to 70 pc r cent, , t ~e natt rc o the curvet beta t:*_ 
sa•-i z c in FL", 3.17. 

he coi x'ic u of the perforcrncc of a vcnc t7 pc O ` 
blox3r an 	I) . Yc t'cacc out a €s rccc t  

r Lvrt (V.) ;i :c - 9. -i ri' . , 3#12 tin 3. 3, 3ot'3 ! c r,?pr..-e-.,; r cr 



Rants and ro cr iut, vc cc'i ,od 	tho 
tat r h vt ^ a CO7'aiOfl r .tt o of 	 rh rc dross 

o 

 
ca.porcr Input to tho blotscrt t t 2000 r.p.. * for rrco urc 

e rC7CflCr of 0 to 15 in. of r crc ry., It my be obcrvc hone 

t ! t thy~ :V-x to drive t t I ouerpluc at zoro prcot u diti'c. 

rr cc t me ah tt eight ttor, ti-r._t for the Root blo icr, uhich $c 
t3V 17 duc to it Grc=.tor 	ic1 10 t and fiEcc1 co;v rccCIo 
'at Vi ai,t tho ,' o I':?, the i- 1cI: to t Is e Lt c ra l;i 3.c r fo 

th r&'orplu -th .n for Vic flootL.1 u hic :akcz the i r .cpo er 
in rut h s, a at a prccnro d fforc.nco of at,out 7 in. Pt,w for 

hot the z,'p: bar, crr„ At hi 'icr mLuoe of the p turc (.f ."or► 

cnno the Po..Tr.a . e Ic d!cetdezl7 pro ccoi o teal than t.„c o c 
!il.OTICD U c1i j i!tiftCCc the Ciido u wrcad uzo of v'uio b10 r r', for 

lncucc prc-eur'+ . 

Ft'. .3 '-or t''c aro-r r :i.p* p;.r lb, of txiTcr ' r o. 
for "{Y ,%Tlauc pr:u1e 	fcrr-n r:n for 1:ku a blo;n"e• It c tW be 

'ert2 t? t ti ttr?rrr into ace .Mt t c: ciunc of vcl r ctric 

Os ` cf C ' + ► vof.At, 1o'. " p r r. u'c • %tiw the 3 t3WsT ;r II.” 	Jy' .r 

rrr of po rr clue to lo,,i rrcianial offiotcn y, :ht It $.pravcc 
+,gip l i as *tc- ,an c►ftctcr y till at r • rc urc rr tl0 of 

1.81, eor o powidiug to a pra. --urc difference of 12. in* 
of n 	rnr', ii; cq, ,r; the o'er ..ht ut to that of  

or. 	~'rrr up the c roc . . cf_ Acrid a -utn fc?lz + ; u4 t' . 
tr i ~ :~ .rz., t ;:, a e . ~?e 1 friction at Lre pry . nrcc f €,; t :tee . 
Thi. LL : t t J if r. icaa t%(- foot: b1 : er yic1ic art economic .ts' 
cA- aictorr perforrxro upto pr-n:tur^ r"u as of 1,.Gw the vc.no 
t , p0 or bl rer cz.ri give good renult for' prf-c^urc ratios u. pt,) 

3 () 	 hc axial flat rotary bl( *cr of tie 
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cercu type pertntra t°- xo;crcccxt dcvcjopmmmtr La the i"ith1 0 
edbC—t9 3 k blot~e o. They cli l nrtc a fail dc$ce " of t: c Root S 
blot7oD ujt' c .t , ctteotir their inIiotty 0 operating C1 a ems► 

t s ;oticv, Thor nT ttio rrp onttivo blo- cr of the typo. 
l'jcld bls w. ' ar1 the Lycholn bloto. Ticrc the (1t3plcCc tt 
of the .ir ii not in the cir '"orcatW tlhcotion, bat nionC 
t1 moo such that i ~i10 it i,! trrr r rtc 4 fron the inlet to 
tt c outictkaida, the air unier o r, progreicivo poittvo 	. b' 
stie c 	csaio  This YICIC : u. iprovcd adiabatic otficinO7. 
,Alta Oro to the oiittuntion of the cuodon b:.c flctr of tit 

co,. pre ucd air into the lobe epace, the operation iv no .cl, ,. 
The 	i)tm J . 	first 	tncturcd by 

the G 1-ral 17_obinory Cop Lion or Hamilton# Ohio, in IM, 

so- . in Pi.a. 3.2 There are to rotors in the for iof 3teU 
117 t'm ado 	zber and unto on ball bearin^n. They 
gcei for ethcr bat tiic bulk of the di tvin effort is tr ~6. 
itUA by aarodynariie forco, the ti ..-' gc 	tranmittinn o y 
2 to 3 percent of the Brit: ing poicr1 ' `he n l< rotor spec a th 

the to 	rotor as e ,1 .nod (1r) pictorially in Fic. 3.254 
such that there I aconttnioun nealin( line over the U' ole 
lcn th of their en cgetc it. ' is cC7c of the rotor ors crrr.i1 b7 

the nning0 thus r dor n thc 'la,, of 4; it (fro cnt to c .*t) 
po Diblo only through the tr,)UChs- of t'.c VMC3('n, 

tic x?xr nt th, ro orr di-icn ;a a t'<c op?co t,ctrcc:l thc 

lob lobc Cfl1 the oa ri , it left open to suction perrittin the ~a r 

to be czzelraC in. The rpLco Inc sic,^ g: dally, c more cnz? r oro  

' of cis ,hose in till it Ic out off from th hock o Sidon Co 

that tt.o air in coi'lc oly t p cd t ithiri t e C r...cc. ft rt i- 

roil lwizi of t_Y rotor 	 t'4 :~ ( c 	i t V cp •3C t I 
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peta: 	axtto ezxpczttoi & CID tric is ticn c1ivttc 
to t10 1 CLtrcO fande 

ur utli bitic Offlelawv of thrnc b1oirr 	from 70 to 

73 per cct val volu trie ofticiccy from C8 to 02 prr wnto Fracellp  

um vitloa up to 4 are availablo cattThctori1y uithin tho speed 

rtno IOOO to 10000 r.p.i# 

invntcc In IM by  

of t ,C tju otro Ste. .. 	r14n Coriany of 1,31toaxiollt  

Styodctio an( nufueturct by IUiott Conrrnavo Jcanotte, Pa , 113 

c om 	via. 3.33, Dic inter cc.ttn -  of tc rtorz t c':m in 
Fi , 30,217 (1G) Thc uoLJi -  of tIr-  bio:cr i' br C,--crib( i t.' 

of L O1r (1), £ crgO ir 	tttc11y, tflC1OCd it t O 

opaco biMoti b7 the tooth f1i.n!, czin,i bore 	Cn ':!111. 'L'II 

rotor hc1io'c to co c:cn that t prtLcuLr tizc1 rco J3  

e 1ctc17 till( d W1(1 CCC1Cd off frcri Vic ructio j;t an It i 

OODC.1 (,*Lo  ttc oprostto 	by c c3sccttnrr lobc 0 t"c othi 

r)tor. brttr rob 	cct.ic hr -c ii nr1,-1 cccii, i' ich cci 
tot C 16-4 erc from the c1crc in the cncccei 	zohz,  
tin prococi, thtc cccii r-oves cta11y offcetinr 

in V1U Of tI cThtr3c  an' ci Cut)ctUittl4iy &i ttc cx.rcccioaa 

tthr t e 1c- 1.n;' lobes of t:ic craovec rccc tic- 	ict-, of tic 

:0t, the ca 	 ccc =diuri it broi:ht tht co —ial - 

ccitLn tAt 	0. c1vrgc, lj'.ht ioc.tin of 	port thnr 2ctct 

iirc t 	t1tin conp -  io -i r:ti " 

'2r jcThrnco eurvrc (is) of vn riiiott Lycoin 3 aacr 
circ 	in Fl-, 3., hr c zott,r of the Uoucr cc1cctc it 

19O33 ef, pith a balltla. TrCtL urc rtio of 1,835. Thu 1trt 

erflalm"ay ir rn 	rc 100 pr cont cnr tc- 	rLtic cfficc:r 

ait C 	i crit, hC 	 Of th( )1JC' ..t t 

flt 	rYrc, 
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eqt 1y COQd rccdt h"vc bc. c k j obtu iriod..9rho Lys t Yln blo:: e ! c10 
3:t : rd for p 	uro ratt.o upto 4, 
3.1i 	 T c 3UiI tntcr ..;1 csom ict o.l. 
Inric flc; c.rci c ottIn h ", s devolop, I Dc ocntly the Jt cr 
corocco fr chirgc pr ir s of I to ) z. st rquivcd to crc-. 
acs. 'w c c nc out jt by ,"tic t 50 pr acA , It le more or co 

l ti1O .«3OtC  lcr.xr V'C.Iw 1.31, b', t t c .ifac(Iy ;gym 00-1p L to tCa th '7C. 

t i , ULi. c V'tc, !!tr poc ttvc ciiC ...c er:m 'a1oscr 2 hcr the 
tflt 2'i1 .L c; : ee I n ot t. chrw c ,a1s i taken plu.co, s t io of c . 
b la cffetoj of tc e .~ 	Ic bettor, 

.L' : ,3mtr cUUO i oZ" .'IC ice ; co'ipocor (U) is c 1c r 
`rr- ¢t .,* 3, 20, ix;-Lc7* tmc r: (- t o c 1t i c' 	rc.1 to n to p.  

V,t-r wit _ s , C. c 	1r. 	= '3 o V-C cJ1i.;•t, r cs rr1.'C tUO lob. 	;:11.011 
• ~., 	t TA:fa .. ~q M

rs'~?~-s~...d~ M1 	*R 	•w5t"l:s`A 	t5 iuW ,.: 	1r dr-Ic c. 3 .- 

ahc ototc c.."1b?uec `itho '.ri1Qk,*tcd ii ~i.l"'.̀'. att'.c'xxd tiff R+w:1 	a . 	L -" 

t b't",  	. W oz4. 	larhc ,..! t: t s. u. 	1 	...: V:' 	a .c r(tL rJ v.:.,, v °• 

ccrvc zc 6 "^r.°' t:,) tcccl t'1'" I...r .rit 	n-; ui'.; o,' t',.,,  

c,rc1+ of oprtt. ns aj 3 un'iors oou by ulla.ln t 
zt t of ay c '-1c. air c'r t rh th coziprccr chic b.~._o bcc 

in ri . 3,o. ..A 1 tr tntt.i o oi tir cim, cc, c r tt'rict 
3 . d :.E. at t: point- " n o 	th 4. J ic olu,..r c In 

noi aiTidct' .. a tlxo p.rtc ar i.: u croin3 xi rscccior by tw .vc 1c .. 
a Ich . ul-, pant tI 1c {; ,z i obi c fro: tot. ot1 cz c1 °o 

t7 .arc t  cc r^n-wi -in is ova", ." :r• 1ab.c cx : rccjoa eont hua 
till at 7 t. c direct aim: c Uoi start rtdue t Vic iipptng 02 t c' 
1o> Y. .l 	4lw c 	7,z1 ' 	ju-'..v'. i R"bc mduc tLO:.l. oA., i/olu m cO-at ~.mi i 

nn4 so t c.. c prc.^c . n 1c - cc nor t ,g roof p till at 0 t'EQ 
f. di re; of the eojwcc - ci 4r c 'c ct its VI AC . c Cr at l2 It 
-"laald ',  •:: itc t .t i, ;c :;:41V; p;x do:a.,^ .la . 	cay. 
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an a 	rcv)11t iv~1! t o l daring; ° .b i1:AtCDVUI the charge h€ 

Wren u&itttc Varico (z t I or 2, 5 an 10) 1 c ht1.hr1y 1ivvrc1 
tbrico.. 1= t icro arc tt; mitt and doliwr7 pC rto c per 7r'~:'ttAow 

utt4 
Thc above c,Yeic of cvcnts his tx cn ii1uutrct d on VV 

r_v cltu.Cran aorn in 111. 3.31. In ordcr to !k no din rc G1f 

cinto19, the cma xt,i w.: crc have b: on nar1cd asp in Pi, 3*3C) to 

rcp; rccnt ter: varier.r ceir event- « Thr cuctio -1 prw Duro i~ a lit 
is la.rrrr thn the att o hhone pry: crurc i_ 1i&'i roproconte t c ir,lrt 
doprcccio ee cart' z create tic tl o Vic flo:x vw iocit:, tr. Lcpt 
to t inintrxic , brcLnco it cannot; bra rreo x ::i 41 rr at In 41cro~." ;w_ . to 

ca 	r . - of V`IC t~. ,jjar valve Ii r in itn, f. c J.tty 
to a].trr 	port opcnin -, pr rio1r, Qa' gilt t is co -prc~ 	r i^ 	;n '.► 

. 	n rrsr +t .'I. 	
RA .r .. 	i! 11f .Nsi,t /i- 	 :r delivcry  Ll 	i,.dir Vc :6 c icr'e 	 A. ta'c 

coiccor t cult caffin• rr gArc -r .c Posst:)1 For t' ir. D :,% oct 
t! c tnu1Lr rc ,ve in prwi lc1 ., .t a i i;a ' r 	vs t 'io 	:ort 
a scalW, ctni f -ran„ the port edge, as" thoun in .ii. 3.20 on 

the i' 1ct side, atcm an 	ci :nt r y, be provicictl on the dalivc* 

cido au uoil# but for cnperelm, rgin , of internal  tntornci c; xiction cra.ric^ 

the '.Q 1Vary prcrwuro 1s b act controiicd by c control of the 2ict  

poriaa. `" .^ to tUm tnntcd by rig. 3.32. `.'h' tnii lint1r.,, r I 

roprcconth the normal oportion of the copprv;mcor, a horro AD i the 

Cfrtotjo t v1utc ehte'i $.c co prccecd to cm, the a iopt vi1wo of 

t air en; Lnc per + cic. In t :c bra o Zinc dicran 2, duo to ° Ito 

curly c1ouro of the ,inlet Lmm1ve., oven a1'tor full in :c;rnal cjro» 

cct.a, t'ir proecurc £1' is rcac od uhioh is meh Icier t an ON 

In c1iagrn` 3 the internal eO r€S3ion being equal t) ! o itcra m1 

cztcmn,thc cna in.c rs`Ilo in the un3upere targcd coz3 :iti..?,3. for wry 
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itght toe t, ctf31 car Gr c1o:ur~o cif Vic ? i].ct w .17c dives u.I 
atno-p; crie 	pprescu ;'.z in 4. 

Vic ottcct of inl t vivo £ ott - upon tho co resco 
perfornino in coun ii Fig. 3.33. By clo5in3 thy: in1ct vc1vc 

1O car loo than norra 1, tho charge pros u- o tas reduced from 
1.5  to 0 lb. par sq. in*# rcduetnc the thr r: ;h ,it from 5 S to  

330 cu. ft. D r min, and thereby, do ztng, tIc poicr input to 
the corps or fron 44 to la h.p. 

In pr<cetico, the :.tccrf. c pror s carc prove cr1 trite 

threc t i :.t intcrncl cop 	ton radon of 1..05, 1,2 ant! 1.4 
u 	i .rr ^t?jtct for 10 prC' trc, r:. tun presrurr unit h1  

sure caprrcYa, 1n7, rc:.poctivel7o "t iron 3.34,3.35 and 3.3." 

the 3iccra cz)-mrcccor p[ rforrianoe Charact risticu for there Oct. 

tin^s t7b` ez' t. .r valve rott as van Izt M 'r). Thr overall aCA_: . 
batic c ^ .otcncy vartr: s fro above 60 to 80 prrcent, :,w t .c 
oper tea of the eo i'a ar is portb1c over a upcc1 r ngc of 
1000 to 3,000 r,p. 1U -i (cIjvcry - arc , u rc t.s hth c.c 20 lb. 

per sq..mo (emu -c) have bcc i math tntd stcr4ily. 
342. 	 Popularly kin r: u4  ,c»plate co p► 
reccor, i s 	cicviticd by Bieaic10 to tart the rcr uirt nt of sup. 
c C'~:srry6 engtn; u for auto otivo xi o, uh.-orc !ti ;h torq xo at lou 
seed i^ rcquired, The v 1 t- tc,. effictcney of )itivc riisp1 

QCG 	C T!"'Orn' ODC boir p poor at loi °V f dC, the piston 001 p #- 

ccor ' ., ►':a tnas t1 c• only c' -otce., T,s Or Ricard co'. ,rio"cr 11: 

ocve i tip; c:-cd pain of Co peer ston c- i lcrs. The pint nz in the 
c •' in*?cr. o cin rcoiproctin^ notion by rata of a .teas' • or 
uobbl pie e rtr, a'ic', at (12) in Ft8. 9.37. The pirite hao an Arttc. 
tl1atet j trt t` zorr. a ey ind-r icul bo'binrj i ,s in an rye S' _ ' x 
pi. ton roj,* The 1rivtn ,hut is mitpportcd In the c:ifi berth of 



1 

~vKif ^A~• !Ll f 

I i 

I r 
AR~~CIr~A~E 	 ~ 

!! 
1~-, 	'~'~ 	~> .i ,..4,!„ s - , ~3~,",~ 	~' ~ 	°r~ 	.~~+✓~-f "hj 	 .,..C: ,-.'-.rte x, ~...:...7T 	.~ 	

' '+. 

R(CARDO) SUPERCHARGER 

2.5 

,/  v  

N A ? I OOf 

+5 ID~L~VEQ`/ ,1 .J W~ N('OCTN PR SSVKE 
_ S 	PRESSI HF 	O 0~  W 90~✓  a< A t 2 >a Op 4 0 	 _ , 

W 	5  Z d 7 
 Y  

— 

	.n 	._. 

60 

_ 	.. 

1 
a a 	A•N OSpH 	C J I 

? H 	f'RESSFE 
0 

.101 50l 
1 	3 	4 	5 	6 	7 	8 5 1,000 	1,500 	2,000 	2,500 3,nre 	3,tir.r 

VOLUME . cv 	'"' ENGINE 	SPEED, R PM 
INDICATOR CARD FROM RICARp7 VOLI.aMLTR~C 	EF 	1C,LNC" OF 5"PERCrAA,JR 	{ F 	-cE 	WITFj 

SLpGRGNABc.E R, v.. 	S'qn. 'ARb R. rA S 	VALVE 
ANN) 	RAT. TA:I 	NAIVES 

FIG. 

RAr  a  VVE 

.. 	 SrklvDA 	O VA-vt 



42 

the plain roUo tipo arxtl in tho  a bin; of the taper oUci 
4:c, r.~- i in co ccntric c th cal t cots of oy1tn or ., 'fro to 
a ot e ocntrc1 rotzry valve to  ntro1, tho inlet tom:: c olivoz7  

both f j c•1Ch of the cyltntcrn. 'it! a vtcti of the 	#tnoos 
of Oc i i, ±C pica 3pccdd t oz c deirablo U'iie'a inro1vccI th 
'ricttal. rte' 1u"aricattoa prob1crn. To ovorcote theoc cIifftcultice, 
pietonc, e vricd on ..idcd proton rods an ?rn tnr* clear of tho 
c;4i~ .or `)a3 c ^ I'mwo bcork wic6. The type of arran c' nt cdoptc 1 
ivc cx 1ovn frcc6o fro -. prcc&nro pulcati.nn .n both GK 	c- 

Cclivcry lt.ace. 

,c c; + 5 uttoi of thr uobblr p , ltc I, C rlc,1xt it 
y bc n c:otoo timat i can i.c 2cz . cuuc, cac z point o.1 ti - r' r :moo 

c lc - itccutc, or .z cIrQ o. ci it rn o a cp_;.cr c: l 
:: tbbic plate is t1 co c tr. Anc8 i a1 nn t ztctin :)y u 

pictcn r3.2  cin,; a ptvotc+1 bc tarty , 1)loe , rninj otucon tuo  

The today:, vri. en of tc oorcoor crcccricti on  
d vin n1toft. They 6. nit touch thr +cc ii i at V—ci p~ r&, he , 
an' C into .f"proci6ci trig Lino alcar nocc to rc dart the lcata-c 
to 	 , 	a ti a lar ;c o tcnt, govt 	the ovcr a l pC r,Lo 

n-n.-iCC of . t i' cr.r_cror arcor. BOt:i ter poYtc .n the boo` y L.s 17011 an 
in del ^ v Svc aro provided uit`h n1opin-' cdlro, i orc the czi 
3vc.t of the rotary valve altcrc the v .vo tinier. Thtr: ray be 

CCC Y c to! ` `• tca4ly by 1w (i1 	Wir v,..lrc uit'i : it pro c wo on 

©n" {- ', 4 and rcntMaa;7 it by a cprLn en t'ia ot'hcl. '.crc -nn 
e. pan c In air prccourc util cli 'c the valve anti alto t~-c ti.ffinct 
appropriately. Tocvcr, t it early partial clots tx of the inlet 
valve a tc1 as alrc..F~y + it w crd, rcc . ltc in en ap.. cciabic v .n ' 
o" c-o', iy ticct o to nc 1 b c - la; 	t'.. 	jort .., co 
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the port iti szrroicd to a c t over haf of its 1enCti. Pt,g,, 
3.33 ciic a tyic1 cupercTtarger indicator c1iigr taken #.jj 
t1 c rat.tail valve fittc .. The: pu1cation in the st ctton cn 
deItvor etrQkct3 rrrocont the surCcs t c r ca the v.lurrc of the 
cy1 .b *, and t -c rotary valvo and c rca t., The uhoie thiarj acts 
ao a re onent ccito r lore the inpico is sierivcd from the .ace 
leratton of Vic air eolu:rn in the iort ua ► 1ue to tlic port 
obi.. 

The var1ation or the v 1az trtc offictcncy t t1 ter; .nc 
speed for a 3#0 lttrc crtva1uic flionrdo $1,Drr, rc:;.nrgcr is 

m ii rir.. 3.3g.  	be oeen tict iit'i t' c raft tht3. valve 
the v i u tric e.frIcicrie 	, i rr at lo-i+rr efl a 1r ^per.f" %°'rAc 
1el i. Mc^ tic Butt-bf1it7 Of ti c i ;r,•.rcc or f.:rr 	i_3 vc' ! cl f; 

,. 	torq ic it b r pert *" i^ r€q'Arc . i lr 	it Cr scam - 3r 

n a r.ali ht v;.1w of the volu.cttc c ic1c.cy. 1-*3.4 
t' - 	ttori f . A.1a )Ala tc :i,craturc cffic .eirLoy c;i : .cng 

Inc rpt ei Duly for t! -,.c standard v lye tti ' the r . t4l t y c of  
por,  i,v, the ar1L batic cf?i teF io,y i . 	ro zchicd to  

t k'` t' c cartr c oprcd. Pi. 3.41 prcocntc a c pnr1ttvc Pic .w -vo 
iith both the types of valvee tjhcri to c; rc~ror r .c bccn oizi lrc3 
to the + oinco 	 OUiITtiOa rx c In V-Ac cO.: r to 
that the c Inc valu=trie cPteicnc o constant s i c air c 
uzap too to 0*005 c'u.ft. per en in c rcval~atXor cc cured at in ~a,.o 
1=11foid 

	

	^.ruwrc; and the p c.ar ttc trtz^ra-r-ot vi effteiciey tc 
1:. It jY b cci hR.L t Ott:. the r t to 1 valve., at '  

ayz .L :o cp cd--, the vi' t groos homeroscr rcq% rrcd to t'rivc 
► r 	rgrr to : ,3 h.p. flue t) t' c rc&-ctio-n in recoverable 

ve r:i t iioU, the eq •ivalc it not ',orcc rorcr 	kr; out to be 
3.2 h.p.. ' iii in L:Z1 am31Catt,n crc the cn ..ic tc no ly rrquto. 
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jccI ti xin at iLt'i p'ei, bu 	crc tr 	tin ;3--t is not 

rqn1?11 at tit srxcdt  this- 	 ea'i brL -  a 

ttantici, ccono!. Qt  rail prrfozincc curves for t 	crorcor 

arc 	in Pi • 3.424 
3.13. 	 111th inercaned Imo'ticdt:o of aor 
dyne-Ac prinotplus roquiro 1  to Gna17C the torrlcn nature or flo' 
pbn, the ccntrl.fugai conp,c orn hire reached a stage or 
perfccttoi ott in dlosiGn and perform nee as a rroult of ,btc: 
their taco is pocctb3.y the uidcst in the field of superearCia., 

In a ccntTifugol coprcecor air in ic1tcd into the iupcU.cr cyc 

id, i pin throuh ipc11or airz, to oujeetcd to ccitr1 

nr'ai acttrn. This produeoe oit'jcrd Clop1r.cencnt of air tc proc.-

neth' cuett,- cnr so titi;' morc,  of Li? to $1O7 jfl Vic 

eL fl-Idd boing oub3ectcti to ccntrLfwal force t c:U3 

Thic *ccr aci tic. vol'vc of th fluil 

7tici !i t pace tth thc dtvcrin1  p:rC 	Ir tuoci the 

vanoe as a rcoult of triieh there is a further rice in pro r-um 

called flIfft r 	 The f1.u.tcl 1cvin t'ic tc iler 

a ht tanccnttal velocity (about 1,030 £pc. or aoro)trp3rtcd by 

V,x iir,cllcr rotating at a sced 3,000 to 23000 r.p.a,* A port-ion 
of this kinetic ever  eneray of tw fluid to eonvcrtod to otatte preec-

nrc vUlc pass L t1woub the diffucer an the voluto ecrnin, dop. 

ond1r 	the efficiency of the diffuning ayotmo IJ vart.tion 

In prccuro rnd velocity of thr, fluid during tth pcsoagc t .:rou(h 

the 00 CCLO? CCfl X' otudtci fi'o:i Pt'. 3.43 (17). 

The Ircllcro (rotore) =7 bc opcn,cloccd or cotcloecc1; 

tly' 'vanro ry be 	1. 1, ctrai't, cnu1ar or ctrvc; cn the 

djfftzccr =y be eit!icr ono piece voliito or olf rltii.vcnc ttjo. 

a, "'ceror "r.y be cit er sia,,lcct1c (for 2 to G pot'. v- 
' 	o 	ilttot.. e (for 7 to 20 pt.i.) u1 rt4 r b citicr 
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nator?raven, gcai drtvon by the cnCize (speed ratio ► 0:1), or 

driven b i t s cha t tur bL . 

The volr ity diagra 3 at t o #...:let and ozit end of the 
irnn3.oUor can be firaun as shorn tu PL,. 3.44. floi by 1 u&.rrtc 

equation, 

t rquo applied t, the fluid= rate of chance of anijiar 
noentun or the fluid 

or T 	, plus or mintis sign  

aopendtng upon the direction of spins like or op,xotttc, 
as eupared to that of the impeller, 

itcnco the ideal onory inr nt to the cornrow^or, 

t" c': jr actually the c crgy acquircd by the fluid in pac 

Ding t1U!OU3h the Impeller* Dio to Vic tocrs ar .cin ; from 1caIge 

and s!1n :friattn,, a taetor `~''IrnovA as rOiOr input factor Is 

tntrod~ cad to caic ilatc the actual, energy input usiic% is 

4— (uvw -I- UVW) 	 (3.17) 

It is ca^y to acc that the ra rc-ireon the foria.rd face A 

l r 	viii be Bator than on the roar fa 	. 1a~r the total energy at 

any radius trim; constant, the vclocit- on the rear Paco will •c 

grenter than on the fort and face. htc eau-cec the ci.ra'ilation in 

a rlirretton op cite to thtt of th rotation of the tto1lrr  

(Fin* 3.44). to 'practice, this dcviatioo of fio is aaco tod for 

by introducing a factor ` o—' !tflOUfl ► 	. ~...f 	..~ Thus uhila 

ci.teuLtinf; t' c input cncrg , the valu^: of the whirl velocity 

cx ti1 	dificd by r tiplication vith the riip factor. 

todola in the b is of hi n study of roiative eddy# has 

ci-?en the follovig rzzp°ession for slip factor 

— n'sginq 
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hero çb iM the vane outlet angle and n the mm~niber of .trne. 

,,,~ Pig. '3..5 r prescnt the pressure volume diagram for the 

cunt Unati1 oonpro or. The hore.povcr ob orbed by the compressor 

in ca rasing u lb.. bf air per in„ from a press .re p1 to P2 

and delivering it to a:n o gine wiU be given by 
Y-t 

IAP Cp T j ~` h~ Y 1 

33,000 la lIM 	
(3.19

) 

tihO o t a, and ~, are the adiabatic and ncchriaical officicn.- 

clot of the conpre53Dr ro pccttvoly. It r iould be observed that both 
the oquictions (3.17) and (.19) repreocnt the energy input to the 

Coip c or. 

The energy input i s rictiin r cxprcc od in tervi of tho 

toil tirc rico directly fro cq (3.17) as 

4T0 - 	 (U Vy,, ± uuv) 	
(3) 

o pros^urc ratio in each Otago of the eoc2prCCCor i 

given by, 

Y  Y 

'~  Tt Y- T 	T Yi _ 
hi \T 	

- 
Tit 	 ,al 

trioro the  th 	ubseript `t ' denote the total head value* 

Iac' : impeller has a definite n=i> an corks cape etty li i.tcd 
by tic rb:.ii n tangential velocity at +zit, 'i iic r i l cvldc: tly 

jvc t e 	is pan delivery prey ure of P2 rm. Thus thr c -uro of Via 

ccfc- ivcne -- or the nctu . iuprllcr in prodliCinC prosrwc i given 

by a ratio ` 1 cal . 'd pre lsurc co .cf 3 ictont 
Y-1 

CT~L)~'J 
Thus 	=

C 
 Y-1 

Y-i 

1 J (3.. ) 
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Thi perforr ncc o2 a centrifugal eonrrssor 1s stc wnj In 
Pigs, 3.45, 3.4G and 3.47. In V'1?. 3„45 (7) the variation of the 
ndtab. atte efficiency and the pressure coefficient Stith the 3. d 
coefficient & Is ,ham where Q is tho Inlet volure in cubic 
foot por iuto and 13 the r.p.m . QS soon as 	exceeds sow^  
critical value there is a sudden drop In both -'L P and a. On the 

. ~ other' lido there is a sudden drop in pressure coefficient, and 
at this 3n the urge usually a tarts • Fic. 3.46 (18) c ous the 
boMvta €r of the dcivcry pressure with inlet air flea. It ray 
be nc . :that if too great u floc In dczrndcd out of the co°.pc.. 
seed,, the prcacurc ratio ray oven approtc;i unity. £he turves also 
81iot that any : chiine 1^ good onoa,% only for a definite rrncc of 
flotr,, frog the surge line to the e ,tical value of eve Z t 
range of saneeactor r op atio.i. narro ?s t'crrn iAL1̂ _ tncrctti 
eppods. Comtictc perforr cc ca rceterirties of a centrifu,; .i 
c :prccNor at vz .ricu: cp 'e - ;r are C1vn in Fir. 3.47 (1C). 
nc.e a.:.ca1 of ieitoy of a ucl1 icsi nod eontrl.u,, l cn .erc1 rcr 
is 00 to 95 pr r cent. Also the uc13t1t of r cineic etoga cw o - car 
(integral rith the engine) is 0.3 to 1 per cent of the dry cn i 4c 
tic tght. 

The co native idea of the engine torque dcvclopcd at a 
p:?rticu1Lr speed tth tw ibots blotter as yell as the centrifugal 
c pc cor La illustratcd~ i ;. 3.48. It riy be acca that at 1cot 
speedo the '"cots b1o: cr is decidedly advcntc eouc s bat a ZO i g'~ 
v)ccc?s tax:; cci trt igal co-- r o5cor is curerior than t! c Rots 

;a10- er ceaicc of the drooptn characteristics of the latter utth 
Vieg1nc spccd. 
3,14 =aj C2- s o 	This typo, of acr, yna lc cocprcacor consi- 

sts c- rntially or t:so p.trt^- the rotor L1t the yt..tor. i1.c 
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carries the movin blades on its periphery and the latter the 
stction..rt rows of blades which recover part of the Betio 
energy possessed by the fluid Into the pressure energy and elco 
redirect it at a suitable angle into the nczt stage,* The blades 

are true ao foil sections designed from aerodynamic conaidera. 

do * This serves to mtnimisc the losses and avoids the stalling 

troubles uhich arise uhon the angle of Incidence botieen tho flotr  
direction and the bltds become excessive- a diffie'.Aty frequently 

cncoimtorcd at oft design operations* 

The rotor is either of the drum typo or of the dice typo, 

or a corbtnatior of thk two . L i thcr of the stator or the rotor is 
flared to proviro a nuccovsivcly con t'c tin ̂  p;=s o so as to Uccp 
a eo ctant axiul vcloctt 7 throw hoot v .tli Vic r dual iicrcao in 
donsIty.. This itertally simri i tics the design problc~i, because 
the cars design is av plicablc for all two stars. The flit through 

the corossor is essentially' dccelcratin- or diff sin, •, so that 
the proscuro rise is oSta in.cd urin, : the pacze ci' the fluid 
through the oxpandtn sp cco of the eta tor and the rotor.,* 

The fund ntal process of the accoloration of the fluid 
follo!red by diffusion is carried out in a nurber of sta cs 9 each 
s tn-,o earls iv a rotor ring follo vd by a stator ring. The  
velocity diugrcttis for a sta o of the oor rssor arc shun in 
Ft. 3, 9# ubore V0 an V3 are the absolute velocities c~ V, 
an V2 the r lativc velocities at the points rc forrcd. U is the 
perip cr l velocity, Va the axial velocity assuixd conzit wat th 
^cr trait s ansl cx s t ( angles at the res.ectivc p .a+ c (  

7 	the velocity triangles, ~J !~ 

U 	t - of o + tar-, OC _ toy, oC 1 + ta. - V, 	 (3,23) 
Va, 

Vic u r!: dwno per lb. of air per rcco-y 



w 	= U (V — vwa) 

Ya (tan X,3 Ada 
z 

tall 0<2) fro.-t cq (34) 	(3.a) 
c work so absorbcd by the fluid All prod-ace a stago 

to  t rc rise,* 

.o TT = J L (tan o( 	tan oC2 ) 	(3*25) 

In a -. actual cuso U ntat c tc'nparatimc rice tq lit"'itiy 
a l+ ns than that f oun4 ti core ticailygiven by tho abo Yc equation. 

This In due to the variable nmt irc of the axial velocity acro--c 
trio caul s an/ the adverse effect of tic- io.in1arj layer art] tip 
clearance. To account for Vigo loc , . fctor -J called tho 
'ropic.c2oao fuctor' is introCuccd in the thcorctic l equation for 
stare tcraporaturo rise. The nran value of the uorI.dJ. is tL:ctor 

~► . oc found by tc t..3 tr tx;.~out 0,8 3. 
the actual ctat  Ica_-cry:-tarc rice, 

-rL.UVQ aT = 	J 	(tan 	tan oC 2 ) 	(3.26) 

T adiabatic officio i~r of the co rc' or is given by 

i izbatic tcmrcraturc rice correspond Lug to 
,. eazurc ratio 	, 

"qOL 	L.ctua1 ten rat ure rice 

(3,27) 

i1tci eharactorixtjOC of nn a.ziaj co: r rc:.aor alone with the 

sur in an c oktn; chhcno cna a!°, iiccncce' in terc of nonx— i . 

i ' zJ. par2tcrc In the ccctiot 0, rte nrj4 



r, t o presourr ratios a. rct Tit a. rl ?2t the abMplMt0 

total hood to peratnroo rat i iet ant exit of the cry ;rr 000r 

rw otivoiy. 

3.15J 	1 	j1 f i r 	... c t0r rerz tnrc of air 

rises tiurtni, Its 000Ce thouh t 0 ore rg r, Thin to I c turc. 

rise is due to the hoz-t produced by co•lp aorton ac rc11 r as i t 

trtction thus if the suboortpto I and 2 r 'cr to the jntal c and 

doLtvc7 eon itime, the to + rc,turo rice; c nc: to the c iab tto 

COflTD 	ion in F  ,TO): 

TZ _ ( h2 YY'  T + (4t) C,b . 

T► 	\ h~ / 	 TI 
av  (4t)0 	T h') 	T► 

T [(4 ) YI '] , 
530  C

Y L 
(Jt) Y— Il rrl.c~-e, r, 	T . 53O (3a + 

	

J 	h) 

If Q be the quantity of heat added duo to friction and  

v the opccific volumc of air at intake, the tOipoitiro rioo 

clue to 1rtctton i riven by 

(4 	= 	-- 	
(3.2) 

i n!j the mahanicol efficiency of the ou pcno urger, 

usoftil cork + friction 103 

1+ 	+ o a 
uacf ti, work 

+ •Cp , (4 t). • ? 7 

r [()-] 



Si 

g 
L xa•143 (4f)4,r.778' 

I+  - 
3 5)147X144 

 

I 

t.,) i 
sio 	

+)Y-Ij 

(t)4 	) [L,]. 

tic rc v = 13.6 cu.ft. 
por lbs. at 1+t,7 pria 
and 7F, 

an =( 

(3.30) 

' ir- the total tcnrcraturc rice 

TI [(h)Y '̂ t ] +!540(-'- -1) (N)-1] 

W~ )~^ 1 1 L`' 3 	(3.31) 

$o for c'itfcrrnt clrlir r;r preaurc , the tot 1 tc-r- cratu:'o 

riec of air c . n be ca l.cala:tcd for a cj r rrt-.cr tftocc rcica1 

cfiicicnay i ,im ,jn, 

3.1'; .i t..... fi: ". ►:?~ «` I ! c h!ivc s 'cn tht the '`ti her the p os unc 
ratio or lowerr too * rc'mr ie"l effictc- c7, the grcatcr it the 
teriporaturo rice. ile irp1ics tit in cazc of hi,gii prctzrtn' 
cipereharg1n uhieh i!' the t~icrn trend/there Qa ,, the intake 
tc crature bcinr cin idcrnbly hi ,thc c :.rgc srei ht or the p mr 
utyat will not be proportionally inert-aced. For every rcftctton 

of 100c in co* rrcr ed air tc! tcraturc the .ngtnr output t rcaccD 

by a .'r :apt 3 i,cr cc it. finder the conditions the inrortneO of 
aver-cocli.n' io reco~niz' , c~-~ ,* cc a ratter of rule, for prc~-'iuro 
ra4,!v7 above I,5s1 the r e of interroolrrr bet 9acn the co l,~ uor 



doltvor'l a A Cz ,nc intato hz c bceorii a rcgular pr^ctteo. 
3a cd or the ca1oulationc of IIcrgor ( ) of arn.ioiort 

Co., the ciurgc tc* .oraturcc for th v°wrl oxz rres rc ratios 
for &i ambient temperature of 15c are ahoin in Fig, 3.3% T 

oc rr :;- 	I ny inc a o in the i cight of supercharging air is 
s on try t' -,r curve A In Fig# 3.51, ibo effect of coo .in the cam► 
rgo to variotu to moraturcc on tic air ohcrpc rcight It alto 
ct ovn on the same dia ra . It ray be obcrved that cooling Inc  ncs 
the trc . t of the air char o v ach morc rapidly.. 

x3acau#,r of the c tra ac' a gory rcq:a,ired in the fora of 
aftcr•ca 1 ran•' the inevitable rreszurn rel! uction r'uc to path 
rcrtst os, intcr000li i - provct to be an ceono: is prop-ittou 
only ii the charge c .n be cooled iay a minis 	of 200c. The corre 
spore zi-i i rc; a in po icr t will ho a.rout 6 to 7 pt r cent,. For 
cffoctivc cooling, the tc orcturc of the cooling cater chou34 be 

atic ^t '"#c to icr than thLt of the cIiargin ; air for a fall of 
about 1000 throe. i the afte cooicr. 

3,17. 	 The cla.rgc cir coolcre are nat e f otandard  
aoolinj rloz ert c, each copocd of a =iumbcr of round tm, tr r tubes,, 
threaded t'hro~ig several thin fi pla . or effective heat tran. 

 the uctrr t! bcs are r ado of alurtMuri brass, the fin platen 
or copper and the tuba platra of csch olnont of naval brass. The 
fro ►tal aria find the charge volociti hrola : the intcrcoolrr 3iy 
be adjusted by thercasing the nunbor of ole._ents in permsci. 

For coolos:z of s ia11 sizes, sin -lc•.flou ratcr system in 
onployrcl,. II'orc tinter entcrn the bottom Feiner anti lcavcr t"irouCii 
the top brador. For cooler, of larger sizes, d ublc - 10 y &y b ra 
i° rr--XcrTi lV urcd, because the qiw.nttty of tsater rcq lirod ot:hcr-
ulne tiIU tit too large. "Icrc the top header it divic'cd i i t-Vt, 1,:irts: 



the uatc cnterinr; t rou h thc tir t ! . If uni Icvtng lh r gh 

the othor half* To 	co the air prcc urc Ior. and incrcice  

of the eoolcr, the entry to the cc01r is 

diver cnt nf1 the duct •c neetUtg the cn; e i ct rrnntfoIti Is 

convergent, cc that the velocity of air thiob the cooler pav 

aged is talcrably low, 



SECTIO y A 

LXMAUT GAS TT 3QCA►' 

The 	' i 	ho ~.n 

3,18 - naij2jo, of Turbo1 rn .n *- The ohaist froti u diesol cngino 
ponscene : about 27 to 33 per cent of the energy of coin uuotion. fhon 
the engine is supercharged, the residual energy increases to about 
40 per cent duo to the fact thtit the air macs f'10 i is increased and  

the effective cylinder expansion ratio is reduced. If a rrehanically 

I 
	driven coinpres or were used,$ the whole of the exhaust energy touid 

have boon rastcd. But it this energy could usefully be employed to 

drive a turhinet part of the energy would be harno'scd de to the 

compensation of thr reduced c.rlin( or czpansion rata by a furs cr 
cxrunsion staZc. The rower ;;o recovered any be a ploycd to rlvo 

the rotary conpressor w'i.c a in turn fecde the, high ; rcr~.uro air to 
t'ir' cngino« This inercascs the parr output and as the resu tent 

ovcrr .l cf:rieienc~y by obit 5 to 15 per cent, and is rr sponsiblo 

for the origin of turboc to.rging. 
c arranrei cnt of exhaust gas turbo h arging i ^ -,town iii 

Tai^. 3.52. were the exhaust from an engine discharges through a 

,pipe on the blades of the turino, and theee to uttnosphero. The 

ox iuust driven turbine is coupled to the rotary compressor, the 

latter drauins air from the utnosphcrc t co -rossing it, a.nd/ cli'-

vcrtn^ it to the engine,, either direct or through an intorcoolor. 

Thus there is no nicohanical connection between the turboch r~rlor 

Find tt'c en hhc. The tur'ioch:argor bctng mitt iy the exhaust Ldjustc 

itself to the 1oadinr conditions of the cn-; -no, 
3.10 vol_omert 	eLSqr The +'crclop nt of turbo- 
char~i~ r; is larger duo to the pioneer vori of Pr. ££1frcd 3ucimi 

(21,22) of Ulntcrthur U* -,o perfornied his first cxperi nto on 
tur'.jocrargin, in .011. h c 3uchi syatcra or tur?~ c' arr' n;.- ht: been 
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universally adopted for the supercharging of four stroke and tio 

stroko Brines, The first turbocharged ong .nes were used in some 

German motor ships in 1923, and later in 1928 were installed in 
U.K. 

In the early stages, constant Ares. urn system, guided grub► 

ably by the steam turbine practice, was used„ Here a large capacity 
exhatIst pipth was incorporated between the engine czhaut an* the 

turbine su as to act an a roccivor, and thus thy- Arcs. urc pulcu-

tiGns ware damped dam to a minter m... rhe system was not found cut.. 
taSle bccztuse of the poor scavenging and the high cxhau3t temper.. 
,tutee, thcso be to the direct result of high back pressures.. This 
was not a healthy situatioont  because the exhaust tcmperaturo croradd 
the p risstblc limit for the satisfy dory operation of t'w tur;--

mns blades. to cr work revealed that the pulse syster was cnpcLtle 

of giving better rcfults, here sra11 narrow exhaust pipes Jere 
used to give rise to appreciable pressure era ac caused by the 

rapid 	nin' of the czhaust valves* The tur'bochnrcor turbtno 
_ r, p t  t of the impulse type. This very schorie of operation is v 	 P 	 T 

-'` iployed in the popularly known Buchi system of to -day, 

' \ 	3.0 I ettnh_P' ' u 	In an internal co: bustion engine about 
P 

40 per cent of the enor ,urplied In fuel is, lost. in the exhaust* 

This exhaust y ass loss consists of threeparts.- 

(1) Due to the Introduction of beat at a finite temperature, 

only the part correspondin(, to the, Carnot cycle efficiency can be 
converted into heat. Thu, the unavailable energy To S is alayo  
rejected to he surroundtnus. This loss is about halt of the 

CX!r,Uct loccs. 

(2) 10 per cent of the exhaust loss t,  1kos place due to the 
irrcvc riUr prose- - by w(-ich t' tcmpx.rature i^ brou 1it b► c to 



Its in.tiuL value, 

(3) 	The remaining 10 per cent loss takeso placesbcoouse the 

ansion in the cylinder can:iot be carried down to the atmospheric 

prossu o which reqnircs a very long cylinder. Thus to conserve this 

loss the engine weight per .hip. is terribly high. An exhaust gas 

turbino can) ho iovor, be used to utilise this energy efficiently* 

The schor ttc reprcoon'.atton of the a aovo loses has bccn 

mado in Pig, 3,53 uhich rprcscnto the engine cycle on the ton +or- 

atu 	tropy diagram. The beat loos To as is rc prescntod by cbcd, 

tie loss duo to &rrcver 3tb1i procosy; by o .b. c 2 and the " octi cuc to 

rcctrtctcd +e pansion ca ablc of buin ut lixod by the turbine is 

given by 

Thuc 10 per Lent of the chctnical cncr y suppltcd by the 

fuol is rr rsont in the for of available energy (t) at thr bctnnin 

Of CZiaW3t, This is also ixnom as t o 'bior.rdojn onorgyt Th r, or,-;1 be 

uttl od in tt o uays, ctt er by pr .0 : uavo soavcn th ; Or by 

ethtaust Gas turbochargtn..inco for charging of internal. cornbuc.. 

Lon engines, iscnt opic co1prescor Dior oquivu3.ont to 10 to 35 

par cant of L is requiredf tnrbo.chiugtng appears to be a feasible 

operation. But, in practice, duo to the th ttltn°y lose In t o 

exhaust valve and friction an hone conduction losses it is not 

easy to obtain the recd#iota quantity of energy for pressure 

chargin. 
The available +Homy (E) is also ropresonto l by the shaded  

area on the p v dtagrari given In rt.  a,5 . nnoro p represents th c 
chargtn procsure nnndd 3, the cxhaust prosCUro. tincet for purpooeo 
of eeavcT1ginp s there s oulri be o: ffici t pressure drop available, 
P3 c=ot be rained at trill, in trill t-ti.n that the hcn.d available 

at 1O!7 c* argtn. pressures for use In the tur. ino ¶7th , be ot~ ill, 



T1m; the caorgy avatiablc In the turbine eor p=ds th tho 
2-4.5 ihie t not quite sutfleicnt to cover the losses and 

input to the bioior givo by the arco•8'764. The encyinput 

to the tuibtnc =7 , ho over, be increased by reduet n the tom' 

tti . (h h; is the bulk of all the bees ), am' by ►roduei. µ in 

the cziant pipo on intcnie p w^ cure eh It cur1ng the initial 

exhaust period* 

a . t loses a large part of it available onorcy uc to the .'acv- 

ttabie throttltnthrottling .ffered on th'.) e aunt valven • The art cr the 

p itf"V1iAu.Ilr'+" di ffoi.3Tij.A,yo  and the a llor he constriction, Mh'. 

ts the loss. f"o it can subtcntially be reduced by 	; the 

valves open in G -'entaneou l ' 1d by rc 	tit` prcc uro diffOWfec. 

rho latter C :fl be achieved by inercar inrx the b ch prc T:n-c by 
ran effect.. 

To undorstand the th zr*n quantitatively, Ict u 	t oo 

the Oihcu.13t gac lrcjvin the cylinear at a pro,  ^urc p. If the 

preecu o in the dust pipe be Pj and at tc outlot of the turbine 

±, then the drop In prccurc suffered by to e esha t t t1.l be A 

Cis c 'cjn in ` 1('# 3.35, But clue to th ttlir taking plt eo at th 

ox t zt vavec,, the troyy of the ascc increaces, ,ay by an 

c o rW4 -C* Vol,,  the emu t itil b having the kinetic cnerg CD, 

r it hh an Inc rgy drip DE tihich uill be utilized In the  

t rbtne. Rcro P1 dr.: ten tes tho proceuro in the oz tauet pipe. r ; 	- l 	 r  
Theo c .or'tcn have been cha::m quantitatively in Fig. 3,56 

The total cncr ' available in the +c haast tirouiflt copleto ems► 

a no ion hnc been sho'.in by the area L, 471 n' k11  CC: arei 11 .Lop cen Ye 

the u ref 11 rnr rg i  that ic rc covcrr d by means ion tbroul' i, the 

tx,r i 

 

:C, Th cncrr,y t r rtrri t the we otr . C hr►uct ; C) b ^ the 



piston is tp. Thus the total energy that could be obtained in an 

ideal a sa from the exhaust has bee z shovn by the area 	"PIP on 

the same base.. Thus thr ratio E represents the efficiency of 

the exhaust turbine process. 

Duo to the inertia forces, the ins"tantancous opening of 

the valve cannot be roc"iicvod. TTatrever, the effective fl a cross.• 

section can be enlarged without proportional increase in the iner. 

tit farces by proviiiug a goad aorodyrtatic torn of the oxhaus t valves 

so that the flow separation does not ttLro plzce. This w ,ll reduce 

the lo3zcs + r: to turbulence. 

Noa& (23) ani ffjnirt1k inv€stipatcd the p1icnoena of dyne ie 

pr Crsin-a  OC1r anti found that in order to obtain the ixtnwn us& 1c 

energy, narrwu exhaust pipr:n soul 1 be etplo rd, This r .y be czpla. 

incd by Fig, 34  r ► ro V, rprcscnts the cylinder volume and Vz  

the oxirnut pipe volu , In case the egnnalizatton of pressure on the 

two sidor be irstantanrouc an the opening of the exhaust valvc j  it 

is easy to sea that 	being s wall, the mean pressure pm and so 

the usualc energyusual 	 will be large, Also v2  being small, there bill 

be a raid tuck of the exhaust  Cases resulting in intense scavenging of 

of the cyl nnler. For larger f ur :s of L) , the condition:,  trill 
not be so favourable, The curve I of tin. 3.58 (a) corresponds to 

the case ill on ` in small,  and the dotted curve 11 relates to 
vi  

the condition uhon Yi is largo* The scavenging is definitely "brat-v, 
or in the former case,, 

in art actual case, the valves do not open instantaneously, 

and the eq•talization of p;os:;uro tcihec soc tine 	t f -  curves in 

Fir;. 3.53 (b) are cb in for cuc'i an ;.ct:t: i erc for both the cases 

cruirrated a 0vc i.e., ' hcn ,- i snail e i 	r_ i t is large. 
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floi too irovcd Ccavcngirg r~ cu .: in the fore cr c. o. 
If 	do irn tes the ratio of the cro.Sc•.sc-otion of 

c2hat pipe to the off cetivo orosc-..cation of the iiut valve,, 
it IA^ bcc r fOi. by Ferny ( ) that rod-,ation of q5 from 1.46 to 
1.12 produci. a gal in energy of about 15 per cent. Alco the t cr{uco 
in ¢> fron 1.40 to 1.35, rc&•torn the oncr,*p by the sa .o amt. 
Tau, Vic crcceetio j of t',e ex:a t pipe ohou1' not be app?c•► 
oicb=elf' tar :r t' ~ n the effective ero-c-ceoti n o the ex1m nst 
valve. floaJcver, nafort :tWoly tho to{:r free f10 (0 = .i) it not 
poccible b-on ac of the flo.y -,cparntip prom r' the vulva ctc-.. 

The other po: cibility of I.ncre in * cncry utili e . 
Lion Ir to rticr t' c i.ns.ti"l rrcrr.1urc in the o t .n t Ripe. It can 
be o1 o:1 b7 rrranCI,iC the r'-flcotioi of Whc prcvi -ns prccru c 
t avo v:rriviar at thr oy ? l r3: r cok it cnt .ri. t': the br. ri.nntn of the 
crhatwt, Thuc the anplitur o of the rr.-sulting preccuro iava 3iiil 
be coneiCc. '°, J,1~i incr a cd. 

'ot? ort' mm utilization of oxhc.uet energy, the c ianct 
pipce oheuirt 1;rrforrablr be tn,,ci co that the intcrferc:nco of the 
pr-cccvrc ir.vrc Coc^ not take place. ULth c :tart r hauct pip:o the 
rcflected ':vcc reach the cylindera fc cry dcrrcec before th. 
brCinn.t.n!, of the othat. 'hie moy affect proper sewer tn- and 
tea n .r! W of of cncr(y to tho nozzle. ,̀pith long pipcz, there is: a 
1urd,c prcrci re difA, crcnco bet ccra the cyiinacr outlet rzd the 
turino inlet. ii rcduei o the cnorg utilizatio i of th tur'"bIne. 
Hottcvar,. in pr, _ctioc, the iiflnencc' Qf pipe length OTI r_.norg,! catn 
has not boon founrl to be vcr,- l .rcc at rrount levels but at rIgh 

it broor o ow'Iir?oxalo. 

3.23. I 	r ,a''- Any 	 cn.ne rrr^t 	ccaven7rd ne.C.. 
c iT'atc1 t . `V 1✓  ,4.t he proportion of t ~e jy 1.>IV t ":1 cx!lwct .;scY is 



:f 

rebuccd to r mt .tm and coolingto provided to the picston do , 
cylinder a c nust v -:1vcO. Thiv iti1 help to dt iic'r thc  
eyelc 	rctir o th.t in the case of hieUy auporc zarged 
c* ,iner ,, tic eza{pct tc-a, cr t'rc will not b tr,rme do: Oly hiC.q. 

o as to : ug 'cr fra-i t'Ir littattorto upon itc uwo in thc turAnc 
biadinC.  

c. ry :i i 	lu 4.«c ii vc d by ine c;a i. 	c -lrw t dorabiy the 

overlap of : i; .r Z and ezh iwt opmIn ^, c d by providtnC thc 
p c >:urc t. ti crcncr btcen the air rnd c thy. c w 	 ifo t' , 2h. 
in cXp1ainCi l in i- • 3.53 r aerc for ,a flamer czh t t turb >c 
rged C. t, c 	(b)tIc v 4vc ovc.rla - rovt ed tr' l4 0 it coit  
dtot inc do .. 3 t) :t of ti . wlt' r Uy uo `ir .! tc, ' c , iAat ( ) Irvin" u 
v i3 vo ovcrlap or P only. T sic. l3.rg r oV(rlrlp t? t11 cr aoo tim 

thrmen at of oo..vcn^c air c i v t'craily. 
To illustrate tic c-:vcn. ;L' 	tt+ a in 	3.G 

the c Ix u. ct 	ifol1 p" C urc are. t c c ~ ,L ItCr rrro: Urr.. Yv: 
bce's plotted (2k) a,Linot tr crank aft rotation. Duc to the 
Valve rcotCtt ro, thec:!tin-cr pz ,:- tire Ii t!1w.^ :ttr;hrr thr.l 

the eome op3- tl n cr.*,uyct -.inifold pre-s cure. D7ir ri the latter 

rt o.► t ' c 'imist oprniu~; f the, cz anot pros urc • roop6 ti xin 
coiojtcrab17 b10 i tx~c air r .,nifolt par usurc. V .r provi lco the 
prr..ct' o :,cid for the char:' air to effect ,Cavcnr#u^ unt1 
the 	tuCt 3ltiC Ic closed. 

-Zh 

 

effect ect of ce" . r {*;. r'r of the c4r-cur, 4 Wci,er~.i furc- 

lIa^ fo'nc1 by 	(21) cnd i o ot'n, in Ft' *• 3,G1. !t y bo 

seen that tho tcnportiirr of the rzhaurt cat the turb'.no cttrancc 

drops t1oin c m.-u-1Icrably (6700C to 512°C) dart the ceavc to 

oporrttoL.. f c,-) t'ec prcocur past the c:e~cuct vz.Ivc is lo:icr th~: 

the r r s 'u^e z.t W'Ar tura~ r cntr:r d"c t,) Vic :rte . 'inctte cntr j 
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or the g&ccs lc :ving the valve, 

3.24 	aus 	t4&o a 	chproJgç In cnso of a 

sincic cylinder turbocharged engines  there is no t?iffc Ity, 

provided the exhaust system has been deci;Tned on the, consideration 

of the press urn disturbance. But in a maltt-cylindcr engine, 

it may so happen that rhilo one cylthfler is cxhanst Lng, the other 

it boin g scnvcn cd out of the cxhaust gases. If the two cylinders 

have a con.-,on echnuet pipe, the pressure in the exhaust line 

being con is crbly high dc to the exhaust from one of the, cylt. 

nears, tlw ^cav-ga„ing of the othcr cylindcr will be sc rtu sly 

impair,. 'Ni , implies that to tvoid the intckforencc, either 

separate o.,  i -divie!ed o 	st pipes should b:: used..,-- It !z3ay 

involve too axe o.i co implication to ees3nocmtqa nunbr -r of czha"st 

pip' :. on Vic cn?ine in L restricted sj- ce, in practice, the lntcr 

alternative is normal: used. 

It h,is b(en foun that if the cxh :'Jt from two cyiindcre 

takes place in the s no exhaust pipe within a or.n angle of 2400 , 

interfere co with sea saging t :cc rle ce. This imposes a restriction 

that more than throe cylinders firing conscque'itly ccLn*lot be tmde 

to exhaust into a carrion manifold, Thus in a a2iticy1indcr eng Lno 

either more t'a.rn one turbo eharebr, or turbine of the rniti.cntry 

type will be ass d. 

11a. 3.62 chc:ts, the r xhc at mailf old on1it ions of a 

six.cylinc cr tur cilnrgcd dic el cn7,inc j  obtained by Dr. 3uchi 

(2Thrit'i thhh 'iclp of +sic ctric indicators Lnd oscil logra-  hs. Supc-

riuposed. on the exhaust pressure curve is s i un the chargin,; air 

szurcv 'ilia vivo ti ng in shown at the b atton of the firaurc, 

The upper curve corresponds to 79.5 psi. b.n.e.p, and the to:or 

one to 123.G p;'i. b.n.e.p. The pressure prnlcr are -uch hit,-cr 



in the latter caso thin in the forn r x t'hcrcas the roots of the 
tra iz'hs are nearly equally to r. xhc pressure in the latter halt 

of the ezhauct opening Is much b lou the charging pressure, so 

that by properly adjusting the oponinC of the ,intake vulvop off.. 

ectivo scavenging is being achieved. The pressure oscillations 

of the ohaust froi the remaining three cylinders, azhausti ig 

tnto, a separate tanifoldq have also bcon shoun by dotted lines 

In the loucr diagrz . The dicplaccmsnt in piaco viii obviously 

be 900* It is clear that if all tic' cyli i, crs Mould hh..,vc bcon 

cnhaustine into the pane z .lifold, scavcginr 'roul+-> hive been 

r dorod entirely impossible. It is therefore, absolutcly erne.. 

ntial to divide the exhaust, tyrici l cx' uuct 'stcoriar,,-schc lcc' 
having boon shotm in Fib; . 3.63• 

25 	 r~ 'Fthaist Pine uric sharp tnpul c initiated c?ua 

to the discharge of the hir,',i prescuro gases into the ezh>ust ph r o 

set up 'cssuro uavcc which travel back LM forth uith the velocity 

of Sound in the pipe,. Thus the pre surc at any point in tho pipe 

viii rise and fry? l depending upon the natural frequency of the 

system. The a'iplitudo of oscillation will be progressively rc(,io-

od, till a ricu inpulco from the subi cqucnt exhaust piff Is suDm. 

Imposed on the system. The pressure oscillations m. y be favourable 

or unfavourable dcr:cndin5 up n the period 'or tho frcqucncyjbf the 

vav: s. If the naturma frcqucncy of oscillation Cr) is cquc3. to 

or in a tltiple of thc, frcquczncy of oust impulses - .scs (f= 	per 

cc, uhoro I1 engtio revs,/ min*) , the conditions viii be the 

nos unfavoura ~3,c, This Is so bcc .use the rise in the prccauro 

vivo viii roCularly coincide with the oxcitin ; impulse, On the 

o rntr 7, the cinditioEns are the raost favour lo if the perlcd 

02 tlzc waves is cgzal to the period of tic ozas v:lrc on tai; 
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(i.e,. f =_ __ 	a  jn per A'co. where a i the valve opening 

in crankc1cgree*.) i i n  will assist t ercato a rnrtiu . Vac to 

daring the latter part of the scavenging period, and a3..s  the 

cpresnton wif taper out w tie ar.pro chtnC the shoed c]Oaurcp 

time cnabiino- n large quantity of the high pres ,:urc c1 r o to be 

antra :ped within the ca ino cylinder. 

The natural frequency of oscillation of t'i prcticurc 

rnvcs in tho OXha t eystcm Ic detc'rtiined .V the length an die. 

motor of the pipe and the volum-s inLcrpoced in the sycte. 

The diameter of tai pipe may be dcterrntnd from a co non fornnia 
a d5  

t 11 	4 L 	 (3,27) 

	

hero Q 	voluQS-, of exhun a b in Cu. ft. f  per n• 

	

p 	pressure drop in psi s  trsich cuii norrially 

be lcsc than 5 in. of water. 

diameter of the cxanct - is , in 

specific tight of the ozh art gasp cu*ftWlh. 

	

L 	1cn th of the ptpc in ft. 

XLtcrnLttvcly, the pipe di for may DC cctertntnCd 

fro:i the equation 

(3.28) 

whore the velocity of the exhaust cr cs in the pipe ray 

be to on ac 260 fps. Xii practice cltg Itiy enailcr dioncter pipcc 

give better rcrfor ncc.. 

The tuiiung ic coo by a8 acting the lcn;thid the 

voiuze interposed In the C rstei., -moo 	factor controllun the 

tuu.,nun,* i::. Vic n :turc l frequency of the r ccure uavcc . Both ana- 
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3.ytiac3. uu troll an gvafhical methods aro avu4ll,,blr to (c'crui w. 
he frcqucnc r, but the f rcicr are too cn: UCLt i t apply ti 

the actual branched ystor used in tur •c;iar cd CnC .b , TTcnco 
agrphteci othod ovoltrod by '..nr ,n trill be (iiccunkcd bclt i. 

~» 	3 	 Lot 
Ut eantider a c tom (Pig,  3*64) oon icttn;' of nn cbtst pIpe  
tith eonttrin N arcs c nd own at One ruff. The natural frqucnr o ` 
tbic syritc-n it 

*Thcrc 	it the length car the 	 u 	~.' L.i1 

the velocity of r.o~rr' (in /sire.) in ir, c•: :u.t piper., Az z £`~3.r 
approzitaatiori, ethaurt : ,r ar trc tcd ut ate srlirric t•: r ' 
cvaIuatI.ng the conic vClocit j. fc".1co 

whore t In the tct.-r~ turc in OF 

Due t the oscillation of c autt c in the :;; k c s tho 
pr cnvc an anpU to o of tho nave All vary from place to j laco 
at chøi; in 	3.G4. The valwwc of tho pr c urc and oc? lttu e 

at tU forcnt ptnt rxy,thcroforc, bfl plotted on a polar i' iagr o 
an In Fig;. 3.5. ' TTT at an r mint 3, the p eauro it cci l to 

"l' m to arTlttudo to 33'. There v ,ucc oay be r prvo.cnted✓Co 

t ou are â3 (in to i- of c.c rcco of anncj?= -'- x 90 ..(3.~̀  ) 
k 

Zinn cons idorth3 ay length PQ 	the corrctndtng 

are Pare ti, 	'~ 	90 dcc, 1" %b tttutin7 .a =- 
fror 	eq (3.3$) , ire got 

tarp , 	' ,Cq 	a doe,, 	( 3„31) 
5 
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Tho polar diagram may noii be con t ietod 

of conntantare®. pip' by c1pioytn3 oquatlo (332) and (3. 

Roodov r to start 'it*d the v& 1no of tho. natural froquoncy' has to 

b ao^xxd.'hi w lowTh to a nothx l of trial and error U it , tito 

corc 	.ue or the fry quancyp the point Z on the polar diacran 

i1 1l bo on the ordinato1 boonuco the pressure ext the open end 

is zo` o (caw c). 

3.27  
...  	 i ih- syotom ho in In r2i . 3..G6 represents an 

Ust sycton co oscd of eavorai pipe J of difroront crcrs scetional 

area. Tq. 	(3.20) and (3.31) trill hold goo r'a for a^Ch pipe of' 

constant area. ceparatcly* It  ould be noted that uhcre fi o pipes 

of different area are conncotad, prc Ws uro cann©t ChWICO die to 

the nhimzltonous acccicratton of air throughout the t1it ,Q pipe, 

but the amplitudes, an and A 1 at tho point of connoetic ... t 

4,bc irworsoly proportional to tho arcas 8n and 5n i* Thus t7c Cot 

„..~...~.. 	 ( 332) 
s 	Un+l 

 

he polar dia r an for t.ii syctcr tray noxu be con ctod 

uotnC cq' 	(3,2)), (3,31) and (3.32) as given In 	a 3*6?, At 

o tc► A of the pipe (the and being c1otied ),, the artplitu o of the 

precruro cave in zero. So the oorrc pon i ing point 4, ufl l bo 

chosen arbirarfly on Vic abu : ,ssa The tot peraturo of the ozh 

uat being lanovn1 the vcloct y of propagation of the pressure uavo 

t y nai be cub bor listed fro n oq (3.29) . Thus are Al 	6 f 

tthcro l , being knon, the xre length in dog os nay be cnlc latcd y 

pr"ovi"od Moam suita c value of the frr- quency 10 asst --66 AS a 
sa 	l 5a 

fit apprO:trLttZi, uc zry alto, f = f— 	+ Q Qy ,P 
0 	1~' 1 	3 +  

. " ,•,c x.,13 i - ' no in Ji x centre 0 cat? r..cituw O 	iv , 	y 





U; ., tc t 	cc ml to its CLlc 1z t d Icnet;i, so thh..t ; V, T cd.. 

617-00 at the JuictoA of pipes ADn1 3C, the r'mssuro F ' 
drtw 	 r. ri 1 c~ diftlar to the abbe m a u13orc f3 VIA: bo 

dOtctritd f ri cqfl (3,3) i,o, 
S.z  

g2 g~ 

are icath '32C 	
6 Q z f 	c2 ic tjc, /tn 

£ ti tho a iri1tmlo cq Ltioa C3 ° 7 be t: cd u. Thuo cmitinuin 
t'- is proeoe "' y the i U ra-a to c= r 1ctcc3 tThCrC If the fvc-rn.: z y 
c r'e, t.  corrcot, E1 pct be or the olxltnL 4:. O '. r- . r 	c  

(rirOziutc value of trcjucaey c' uld to dotc :r O ')y ^ t 
i:Sj. It til .l b found t z~ _t n r :i 17 r,fter 	tus 

:? ,,{, the value of the :rejtrney tntc p l c c.r - c  
r •,yi 1ccla 	e.. 

3.. j .,,,, 	s : 	i3rccdi .f t 	X ~ 	t'• r; 

. 1̂ 	In c2thauct tirbocAurg hg, ti r m-ino ortictrf~ 	: 
be .3 O tcQtC4 to core th three c T , ~ 	10 cvottl I c: C 	0 
of the czhcot pticrs:. In c ,: c. of c - cy3,i,v1cD crZinc, 
tuo C :: e : pints till be rrovtt'rtl rash rcccivin- c 1 	 t "mi 
tuo of the orltn~Zor (Pie, 3.67). In a .►oy3 n or cntno, t icro 
ut l c in be L o rz nzt pipc, each rce ivt: e cat fr n 
throo of the oyliwlorc, o cc a typical CC:CO, a b! t' e cyetci  
of the type : o,jj in ,, 3i3 till be c ice 000c1 hero, un2 the 

'st : y )o ox'.-c: x1cd for the r ri4yct or r r other cctcz. 
dlhc rolr.i c1. r ra c for Itf'tc nt br.'nch c toll ' c c rtcr 

f i th4 c r of the. branehoc cad till be worlicctt out 	tho 
c bn, Thc prec cure p at this point bet t th^ ec o ita :nth 

t brairnicc, the Oiacua for the bronchi II till be rcuec E 
aecort1ly. I X da t a for the tn pipe till be ct r c C fr z 
t`t„ , ini'MUo.l paint. ''cry: the a.. Uttv'o 	All be 	frei  



67 

tho rc1L ti x hip 

a7 . S7 = a4.Sy + 	 (Q33) 

Thn, diz gr s ui l thon bc cocnplotcd for the Main- p o, 
toe ' the last point., iU fall on the ordinote, ',tho notnzai 
f rrqucnc of thr branched system tTtll bo inom.Ohcrico, ac 
tc trit1s any haver to be .'o as 01 ady diceucccd. The. jjar 
tjsfbj, the to bronohs as t#oll as th min pip p arc eh xrn 
in Fig. 3.60. 

in c c. of othmizt tur;)oc harCin, tirr in pipe TAUU be 
e~ oa ted to the turbine, 'or par oos of this a= .yra,- ti r 
tt!r.~ .e mfr to rcp3 cd by a nozzle, the off cot of uhioi i.1l be 
to 1o:rcr tlx: natural £rCq enoy.. 2ho c i 3 of the pipe connecting 
the t ,r'aine uill be tr, atc d as on open cnc?,* To acaoun f on the 
nuzzle, a pipe of  the so tZir ctsar (d) a.- that of the noclo$ 
and equal in length to 0.' d j should be connected on both a Cc- 
of th° noz2le. 
~►` ! g4 r 	tPt ri*It ha.:', bccn est+ : 7l i 	th 

that it is the blot'—dom energy vhic i iS uti1 od in the 	ino 
of the cthauo t turbochar,  r, To facilitate its calculation, 
hall 	(27) suggested th:t the or, lust from an ongiao oay ho 

split up in the Arts - the first part of the bio.dou g,.scs or 
prc2cuct leading to a turbine,, ant the rain ouhauct (vith rcd-. 
rocct-i cnorgr) di charged directly to of sphor:. This type o' otcri 
to too cvantageouo In view of cc G ngin.^ :.end is shosn in? J^. 3.70. 

To apply the caalytical reethods for the talc*alatio.x of the 
an)r* r;t pulse cnory uvc.ilablo to the turbine., lot us resolve a 
cys tc:i oqubralcnt to that given in '1*►. 3.G. 13y rule{ h ; the 
rct-lr ',mite, vith a vcna oontracta, tfr problosi is ei p " . ! 
)ti 	nQJ L''je cyU c"or ry be Co icidcr - d to ac di:c-Rw ;i:~.~ 



dtrcct1 into the a st pipe. 2hc turbiae r y ca1co be ro 1 ccd 
by t nozzle of 'warn circa r^ntto.. Such an cquivalcnt cy t--; i 
ajimm in I'ici 37i, ` iiz cyctog will nor be cn ,y cd to ttc tc :iino 
tio .ut * t of cnorgy 	 dain thepipe Cnd dellvt 'o t,10 

the t rhino, 

33r) 	1yigf thQJ 	 tcxa- Lct us co: i ,V'cr c pipe 
(ii. 3.7) of ci'o: s-ucctiQnaL area A2 tcrt n'tc 1 y no1c 

of ar: a I2 	here. 0 Lsthc ratio of the nozzle area to the pipe 

rca. he conditions of p ccc ire, pL veloci  	yl cicyy ily at 
tae t irt o2 thr nozzle are dr!'i^natcd by flt, 	.in A fit, and. 

ut ti t 	+ ,ar outlet by Pr,, Rio rtd ~°o rr pt- c i cly.: io if u 
uavc of a-rlitude 2 and vcloci , W2 be ns .1rad ' tra rcr is a 

pipe, it ;fill -3L t refleoee at the ioaz1c olfle. wit thr v.dlhe 
aad W r* Thur the prcu3urr P,, and particle vclocl -' * ern,, : t 

clry 	'.nt in Vic pipe-, ru1tinh fro l the cuperit ro^ttion of the 
uave , arc obtained from the ciu=tto lz o (Appcnin 1) of 

Pis c~ loi (23) ubich are 

(= (-Y (*)T , , 	 () 

and 

	

W=[ o) 	o h ~ 

or wti 	2 	_  ( . )t;]
hb 

On ub--tit iti z from cry (3.34) 

Twhh lam of i3cntropic flog may not be applicd to 

an1yzc tic effect of nozzle upon them u3lo,-,;; Iurt'i'r for 

t=ir_ rabo is r n c, it r y b  w ~!a r tht e = P. (b .c'~ !.. c' ^. a), 
at = Ito  
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is o ntinully e.'' 	gives 
L 	A 	where 

so that 4t (3.38)  
For Isentrople flow of ,ac thro gh the nozzlr, arc have 

ri 4 ~ 
or  O 	_ (hi r 

	
o  fro 	&-_ 	L 

061 J 

or caof (1 )k)  
(C 	a cuatonic 

f 1c r) . 

&u ctitutin ; in (3.33) , 

,j_ . 	 ti(_ o -  
 

r 	= 	(- 

 ate l 

R,ti , (3,37) 

"!ov t c cnerg7 cquctio is 

k -- CPT  — Ta 

a=/ -= YRT 
4 

.t m:! rcf orc , w '' — _-- Lao '- ci -] 
Y-I 

applying t' ~i^ cquc►tion t, t .c syt t ", 
_ [c0)-._ 	o 	] 

Y-I 
'3ut for subsonic ploy  5 . Vul t 

.e ra 

(3.3) 



U b tth' w LDQ (3,x: 7) Li (a) 

C-~ Y-1 	Ww _ ~~  l _ 

a
Z 	

° 	- k-  

or (i:-) ) 
l «o ) Y—~_) 

• Y 	r2O 1 Y~-I 
yw 7 

(33)) :v :ki'O 	wct t 

Y-) 2 

[f() 	'J 
cab 	•y ~ I 	*_~ 	4 

(3.' 3) 

c c'.~ovc cqtwti ri, do cr1 ac W?,,r b 	runt of-' tc 
t' :^ :: 31,r p In t' r c., x.:-onic rarrc only u' cn t it p. ,s te1c yr i sac t v 
V$ 	` ' C 	. onic 	 _ cx  . Thus to &t `i-An ' :_c .. Jrit,c 
l i.t uttC, ^ltb^tttuZa1 

a 	~•r  
_ 

1 ~ 	- aka ] 
or 	I 

— ())
°  ry  ns 

-L()] 

c*. ? 	
t 	

= 

ytl' 
a 	 1 

	

Y- 1.R, 1 ,Ill «1 ~.. `i.t 	r 1Jr 	 i' c' $ 4'r (*41' ". W} (.Z') ..., ,) 
	..t r: 

- 	 L 
a ti  

c 1 	qb(-) 	,-  
c; ~t 

- 	
___ 	— 

Tv 	 )c 0 
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Frog e9'" (3.39) for ;.: fixod va1?te of 	, the vLli'` oa 

	

a,) r ty sic ca1Ctllatc for difforcrtt v;.luc of cx 	• Thus ao 

for 	coIStunt (t fixed v.1uc), a e.;rvc e.-n Jc. rlott(d bc~.rccn 

(- )  -i. 
	3utSi.z c f ro a tie corktin! ity cqua trot . `aa )  

)ry _ phi .2  

	

)o~ 	cln  

2Y 
UY 	 t"  _ _  

\ ao 	 (3.43) 

so 1tern° tivc1;r the c•-,rvc :~may be plo ted be vrc n (-,)  and \ ~o 
as tern been Cone ' x : i . 3.73. )y tai 1n * different v4lu s of 
a nunber of "t?c'i curvy r', m'.7 r obtat cd. 

rrori ec f (1.35) it 	Y `)r e r- en th:.t for 	givc- i v,. 3 ue 
of (J? ) T , i %crc 	i^t~ " line .r rrl ti ,,.x^' ip h *,read  

• These incliar-d lincn h vc also been dNm in r ,". 3.73 
in..crscoting the 	curves« 2hur it is nou possti if to elctr r'_1tne 
thr v .riation of ham :~:~i; wt„ with t .eae I th .t Is 	the not c..zn4J- 

r 
tinnc obtaining in the pipe. For u fixed v1ue of ;.,r. r. ptie3cr 

l 	 i> 

value or 	-~i,̀O ~ 71 the v-..1u r w off` 	' 1 t:nx~ ~''~w . 	r ►fir be re ad out 
f ron ' ' .0 figure, Also from eq (3,43) the corrccfon in v . nc of 

( L)  my be e 1e-:late ~. Thccx vz 1uo ulil c rCrr trod in t c 
nr :t art Lolc for t:1c c~slc'.j1ati:)ra of the encray drop avaiia' 1c in 
tc. c7thuuct turbine. 
3,,31, 1:r4,ict' ne *r 	 The arra of the 
cn''~,'tc pipe brine d said the net pc rtielc volocit7 uric t'rn - it i 
o'' 4"1' ca' '.uct acs being W'~, cii~ ~ I thc n 	flo•r Into the tai -1 
Inc at rally i!^n4ff I given .)y , G 

T ner!°'sr~' of th'.. ezhhau 	pr t t !7 :.4ir clo i r'i...te ('.ri ii.nit 

t I` ) 

rs Z w►~ + Cp T,,, 
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+ Y—)  
 nee cncrgy cup-1iL : into t':o n3zz1c or tube in a 

tim Interval at 

E 	(4 + ) 	McrC '' h 	bcon 

in'.rorueed in t e nuicrator of tre lact to , to Lc cp c. n3tctCnt 
unito. 

v— ► 	'4w 	 (3 44) 

fTot 	
l 

n Thus €,q (M.A ') is 
E ti s G Cw►~+ c\ dk 

1~z ww 4w (mow ~ 5a,, ] dig 	 (3,#t3) 

roar for iscntriptc flow 
z 

0 _ 	w 5 

Hence eq" (3.45) m * be grit en cs 

2 \ °k0 ) - 

1 Y ~o cto (~:) ' 	1 	_ 	Zl 
41 	(3'46) + 	C aqo ~  J 

: *l^.tiin". outlet vcl.00gty to b n 1..; i .1y iai3 I cnr x►cy 

iflt c f er c: ~a? 0io.1 

EY - GCT04t =G :r RT~~st 

® G (c 4 t 

~:enco tho oncrgr drop cvvilu.ilc Ii thr turbo, . 
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b !' un°' fry AC. 3.73, i, o tt 1 cnerg dolivorod to the urine 

C1eu1 ;tc 1. !knoc tio act ia1 uu unt or c.ncr;*.7 utiliz -d by 

t!ic turk inc can be dotcrwinod, provided the cffieie.icy o:. tho 

tub inc is hnan. !ccortit g to tho latc t inrora tion f r full 

p^ riphcry acijion t ty' icri v:. iuc o turbine effioir y' in 70%, 

3,32 ptftoctirr t u 	c" x+ ; to ; e 	cam.. to prc ctico 

friction in t cx .ust pig%, tr, cneountcrO , *',iic ry bc nc 1e ckd 

for prcli! innrJ lc1ttonc. Thh cffcct of ?-friction (2 0) i to 

rod cc floe p..rticle,-ve1.ociti,j aJ a moult of uldch the m5l; of the 

Cx.~ anst gn~Sc3 	oat out of tic en ine is rrtnccdts 2hf eTnrcc ir"ir, 

derived. -z'hi1e t ak . r friction tutu co ,9icic?rtiL. are very cr.  .ict tcd. 

c avnilablr mcr y is- also intlucnccrl ')y w t port area 

pipe area. Thui the avatL b10 c .orgy h c bee , fo°?ncl to be the n: 

j 	. , i t„r. 	rt arcz tr, ('qual to Vic: piggy axct.. it LrCr 

V'.'7( r t- i CnCX' 7 tI Ln: .ted in the First j1u1fii i -r Ltc:r t un  

IT! 1.'. rmceceding p iroc. 
3#33 T,rtI I f 	" ~: r~ n~,; -' .x- i 	it t',c most Uic c.1 j t ,plird 
'cart o' turb achhargin r ivin,, a poucr incrc.rarc of flout So pr Ocnt 
ov. r tic natirnlly aspirated version,  t a preszure ratio of 1.5:1. 
The -i: can otfcetivc prc our€e producer is 75-9 p.i, an ii7 cvOn go 
to 15i in '3j opo(d rail tractim cngtno . The nth ! pres- rc 
pro(Nacei In the cylin 10? in a oat 900 p3i, uwnr? to c,-.xi 1 tcmPci 
nturO at t'i( v.1vcs is 0O40V. Th vclur c of jirc r • nr( nit' tcrriprrturc 
arc ^. r2.-, t 	c .~e Lis :o"1.'' ' ob'.,atacd in c —rso of . a  t ra .i? 

pictd en t1nc at 11 lo r1. '!c icc if 	or;;in..ry f i^ troi:c 
cl;lnc 1r t , ter convenes] i.nt© a lots prc me t 	•rCcr Cn.o-laos 

th c 'Ino nctd- not bc re-dccigne, . ;io mr, mm. foflo:1inT, Md. - 
~.R, .. ".; 

 
ulil have Ito be 	•'O» 

(1) Lt vc1vn a rr_r1+ir of about .x"00 in order to wovi'c Cr. Mac• u 
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4r aY zija '. 33, err ccnt for cc..vc+nnirl: and cooling the piston Iioad, 
c71iw'cr barrel end tho v; lvr r,, hi will rccuire spcci ally c cri» 
C,-led c : 	an rccc~wcg l-a tc piston hcad. 
(2) In a triiti-c -1i it cr cnr,t- f tiir exhaustuses froze Cho 
;!roues of cyliiv'crz ftzin" at 1cn than 2400 t 	e 1cd troug. 

oc 	to or cub-divided pips,, t-i the turbine noz lo. 
(3) i c t i 11rgcr q ttti of fuel rcquircd per cyclo, the 
fuel injcctio i qipment will h&:vc to ad1ustcd. i is l Cticni:o 
of the injection prrioi bein. ob3ectionz b1c, it uili be clono by 
the uoo of 3nr'cr fuel pulp plimcrc nd clir%t1y larCcr o ifices 
in the it cctor n3z leo 
(ii) 	 matiaes, the '7, .lvc lift r :g h .vr t o be finer. accd for 

ttor v1uuetrtc cff lcicnc7 cu-iee itions. 1zo the v.4vo dtucterr, 

the oitpo of the piston h Xt t or the njzc of tnc i ►t..n10 ad 

ezhtiwt tnnifoid' r require m3,lification, 
 Thir 7iclds a po rcr incrccso of about 

S1 per cent in cnYines operatin - at nititudcc above 1000 ft. com► 
pared to t' c po rcr Icvclopcd y the cn ino in the n::turally acpir. 
ated fort c't eca 1cvc1.T "cvciop this roicr the ere. w o ratio 

ui?:1 b*.' of t':e order of I.,8•0 s It anc! the Oran effective procsurcc 
n;zot 7 x to 3O p 1. Dic to the high co rc~.zion prcnsurc, the 

ri 
prcnrurisc i Ur will b cooled before pass in to the cn; inc cyl or. 
t1 ► z.> l i '+.z prrr-zero tt' rboc''\ rgor ,ill h vc to be Atsed. 

ax.imum presinrc and tc~ :crattirc huts betr r the sec 
LV i„• :: cc oA a 1o~s prcr,,.0%e tame,-c'- :-rCcr cn-:nc; tlIc :. o 
. :? 'i^~. to sui11 1tvo C a b tn roc?„ccd for conversion in the 
p .. ,.; : O rg( for .. 

LL 	 * . 	J si C' 	thcrr 	SIB# i is used for ro cr Incrc eta 
up to 1' rtr cent 'rit an hi^, carrrecjn ratio iLC ^.".~ re~B.tir 
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in t, b.Tn.o.p. of 20O220 lb. per cu. in 	initj: 
prco urc for a hi prc urc ttirboctiurgcd cntino ::y bc 120 
1500 pai. Hence hi ~►h pr r r sw c t-tv r!a bcrCi A. 7 r r q zire , an cngfiis 
.pcCially dosi nr d for th 	rpo e. P uc ..) lei ~-h cour.resoio ; of 

tic e1.areix r air, its tanperature trill e suf'icicntjy Uzi I (say 
17Q0 ) "o tl.at aoolin.-' bconirs in i3rcnsablc in order to ae':.icvo 
any {, ,ctantiaj. powr incrca cs Furtho ore # due to lo;i acavcc 

iciercy (30) at ui  r prccrure ratios cooling I 4:1 
only rrcort to kccr dj'in the cxhaust to -peratts5kc b- to the lini-
tin;- value of 1500OF for uw,c in tic turbine, 
3.33 	ctcr1sc 	 tJ 	Pr . " 

Due to wry hi  ",L i t- }.rd ;v ures produced, tic hf '!ly :trruscd 
partc or the cnginc 44x: vc to be corrrcpo-id 1.: ly rtrcn: thcncd, Sonc» 
t#.hco,instc. c of a cost iron fv -ti, a ucl'cd ctccl onoi~loc 'r rc 
oa be c loye d. Duo to hi ;h thcr Y-1 lo; f i.a;t on the car. nc , coo]cd 
pis toac my bc url cd.: The coolf.hh • arraac onte for th( top c- tC of 
the ltnc r should prays c the tc pc raturo .gradic nt for tih he ' ,t to 

flou avny f ro-n the pt ton and co-, Ow oa space th- rough the piston. 
rin . The number, size nn Lx' tion. of the piston rin-ve a 'z uld 
be co ad juo tad that the cxccc r ivy. heat prof ucod Coos not produce 
tlw ring seizures 

The sng Zne rust have thy^ nor: r-r arran*c cnt for the 

aftcrrcoolin of air,, so Out the tcrmr eraturo of the charging air 

it io : ovrr 100x.1 . This utll require specially designed =.mtcr 
circ°,latcd coolers of wall bult1lrai ucijiit an 1o' prtctu••c :'r.lp. 

The engine s:iould be fUird with a riodificd fuel Ujcetton 
cu tpncnt capaJ1c of cupplyin adoquz~to quantity of fuel for the 
I l.L ;:1 prc sur e tnraachargcd co-iditton. The convcnttQr xl fuel :. nn^ 
rcquirc vary ion- injection pc:rioti^ thick it objectic a . 1c-. i o 
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other a? tern► vivc i s to fit largcr pluflier unzi 4ioro n :1^ i G c1e! 

ents, but this results in the ovcrloadiug of ti r drive gcwr.: o the 
only poeeible recourse is to incrct.cc the rate of fuel injection 
cilia , in practicc$ is obtuih cd by ocrvo~►operution. The tnct'.od iris 
rece417 dcvrlope.d by the British internal Combustion Engine 
Rcs :arch ssociation* 

Pi-. 3,75 shorn a rvoqpcnatcd tul in c 	1 
thorn a gear pump A) driven at 3cvcral. ti s the en,ino spccd, 
foods Vic fuel to a c'L:. ber C through a control vwalve 3. The 
prosuro of thC. fuel in tho c:iuuber i about 1,000 psi. 3olo:i t'iii 
&ia ibcr t^ r►nothcr c ,n hrr T,, charged •.ri -h 'ii?'?i prcr t a r, 
cc e,rated fro .° tic a. ovo by/.a rucr Ui& 'a ,• D. th pi tin•.z1..vc 
F i ups-atod a-ainst Vic sprin force by a Cc, G. £hc ui 3, i.~ cer• 
rent of Vic piston valve 'fill : rc Vic 	prc 	c ^c4c . cj-7 ti» 
nteato uit': a t iro•; •? tier - iov -1n3- piston i .nv thcrice c _ • 
fuel ► pu..ip plunger J. he cffor; to Lix, feel •fill be c 1. U.1.- d 
tic c prsion of air in the c! anger F., ilezt hc fdicpl,.cc: cn: of 
the piaton valve aae% to the left dti t the s ring forco trill. 
rc].ct. a oil free c',,a::bcr,  : , and so tic Cu&pzrjp p1ungcr tail . be 
t►u'a rn b~.c to its initiL.l 1.0 sition, It ch!ul be noted hcrc that 

if the ratio of the arcns of the piston It to t .e plunger S is 5# 
the oil,. t.iijcction rressure will then bo 503 psi* in the , ft e? 1 ,g, 
Th Lir Arco: ur c co dcvelpcd accelciutcz. the rz t of :1'hol injcu 

otic n, The rititrnri lnjrctian rrrc: tyre c-,,-1 r . 	is v ri, cl by 	C. 

ccttLn7 t'i rcrvc pc ..uro at t' ^ co-•itrol v:klvc 3. 

3.37 	 ~c r~ 	It has been o1 • ervc that i an engine 
e do~►~ p n a b.".e.p.► of about 140 lb. prr sq. in* at a prco~-ure 

~'atio of 1.4:1, the cxaa, t rias to crcturo at the turbine mist 
t n~' o i u 12tF, This in! ly , o that fu rt' , c r mar a~- c in b. . r:.p. 
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or the pressurc ratio will necessitate the aftercooling of air i.e., 
between the blower delivery and the amine inlet valve, TTrrycver# 
' ithh moderatc prossu a charging (i nifold pressure tmto '$ psi and 

poiscr outputs upto 5O cxtra) it is r t considcrrd 	economical 
to cool the air charge, 

In order to assess the possibilities of high output coupled 
with cuixge cooling, Bradbury (31) subjected an 8.5 litre s . 

cylinder engine runntnr at 1800 r.p.m. to test under naturally 
aspirated and turbochurged conditions. ''ith the latter varying 

degrees of aftcreoolinr uu;s c.le, oip oycd. The only limit im'1:osci 
on po°ier output van the linit 	tciperaturc of 12000E at tic 
exhaust as turbine mitt. 

Fi.,* 3.76 gives the o rues plotted from the rest lto obi► 
otntcd due . ig the test, It may be seen the t the spreilie fuel cons 

umpt ,on of the U irereizirgcd engine ir the h i^'hrs t,, end it gtcs 

on c ccre .sin° wit' inerc acod after--coolie-• for a turjoch; ^,1#f d 
cnry nc. Curve 2 sl ous t'ht In tic r imrle turlaoc argcd canc (x 

afte ►cool'ng), the rixIuruti b.'i.c.p. uus 143 psi,. with a Specifle 
f "el coz aui tton of 0.3 lb# per b..h.p.hr. Also the charging air 

pros* urc and temperature for this case yore 8 psi. and 175°F res. 
pr ctivc1y. In cane 3 with aft(rccoling to a tctnperaturc of 640F, 
the b.u.o.pe increased to 175 psi for the camp sr.cCtfic fuel cow 
cu€ tiun.. In cr:so 4 with cftcr000ling to 330F, there tnx: a further 
inortso in b.ri,c.*p. to 180 psi, for a reduced specific fuel cur 
cw. joi of 0.372 lb. per b.h.p.hhr. The parallel shape of the 

c1 :rgin ' air prc scurc lines leads to tht- conclusion teat,, for the 
cai c t 	hu' charge pre ° ure, . ncrcasec o'itput csu1 be obtc.i'cd 

with the further lowering is tcmper4tur+,, thin bs1n i rtoticalc. 
hence poticr incr< iivlc i& only ponsiblo with r oc~crtktc ftrcoolin 



a 

cou cd [3.th highor and ghor charge pz'cocuraso 

The off cot of nftorcoo1in~ and scavc. in4; can p c:icr output 
for p ccurc ratios up to 4nay be r Audled from Fin. 3*77 uici Is, 
bao on the invoetiCaatione of Dr. A.J. Buchl (2) on a ia1ti-cy1im 
n4ar on ,tne. The toys to the various curves are given boles tho 
caption in the figure. It nay be econ that both ez-vanging nd att- 
ercoolina Improve the potlor output of the ongir t t the boot results 
boin oJ1:1Ancd with (as co 1OO),tthte'l rcfer3 to turboehargizr ttth 

scavcin, and eoolinp of the charge bac', to ambient tcipa' rc. 
Or the various factors that go orn the upper 1tca f 

cupcsc'.~, rC n,,,, a;. Iui,~.. rt in also an important fuotor • 	this 
output limit prof'ioc zhing occur. It Goy cond to an emcee 
of air,, the lattcr bctn-; about 1,3 tim thc. theoretical quantity 
of air re--,irod for complotc conbuction• Thie in rcprc3cntcd by 
(5L) in the figure 	PJ 	r 	~~ 

	r 	L 

The charge coolers generally uood in turbochargtn; 
vate .eoo1rd air coolcr a]„rdy deacr; bed in article 3.17. The 
cffceti nc. s of a cooler is defined uc the ratio of chartr air 
temperature drop to avotlabie torpor .ture drop bct:roon charge air 
Inlet aanYcraru,re and cooling water inlet tcaporatuvc Time the 
offoctivness of the cooler used rust be at1east 80 per eat. The 
coolos•o are normally designed for air voloc .tirs of abut 33 ft.t 
Sec. nn-fl 1tater vG1oeitiee of 2 ft./Soo. The porfor'- nce,cu ty'p2cal 
sir 000lcr Ic Itven , in - I *. 3.7g. 
3.3$)"cam o 	 lt.!n. S~Qt'•or~~ 	T ~► 	rr►~ r• 	1 nu. 	C~r~s 

T'fforts are being aide to c1►plo?c afl the c acurco 
by r rann of tYhieh Ls hi z a pocn output as pocO ible my i)o obtained 
out 02 an cn ;ine., Higher procuure Vattoo combined Grit i coollnv hvo 
oi1~:1a Jpi°a° oin:; roc,i1t3, Taut for effective cooling, the tc=~,~c 	a 
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o ' tic coolant should be consi' i rably io rcr thzn the tcortw.o 

of t?c air charge. Hence vntorcooi.in has not proved officacitrn 
for the lo'icrthg of temperature beyond a particular limit. 8cvc. 
Tai. cc cnc have, therefore, bc~cn proposed for the coolin of the 

air hargo to nako high pre uro turbo..charging po siblo.w "hero 
schcizn are the Mi Uor, the one and the Uuchi Duplex.  

of 	 'Here the co r. 
onscd air fin a high 1Fres-urc tur:t ••churgcr is delivered to a 

conventional afto.coolcro The cooled air then passes to the on-
inn cyli idor at a ten.-oraturo of about 1400F. Partial c p n ion 
of the air is =do to tnkc glace in the engine cylinder by clon«► 
in Vie inlet valve a feu crank degrees before the bottom dead 

contrc. ',Fain r kkoo the temperature of the air to fall do,rn at tho 
beginnin3 of the c x rescion. he ay tc i is cor plicatcd L)cciuGo 
variable valve timing i.z required for dig forcnt load co~ditton 

uhich in achieved by stringing the inlet valve can roller. 

(Pig, 3.3Q)- Hero air is first co'pre' ed into a ezipronsor driven 

by the duet turbine and delivered to the s©con{I c43nprossor. Air 
corm g; out of the socon4 co presc or is then cooled in a convcntio» 

not cooler and fed to an air turbine. Here the ozpsnsion of air to 
ken place resulting in the lo•.~crinfr of its: temper .tum. i uc the 
motive poor to to air turbine is supplied by the czparidin* air 
uh o'i in tvirn drives the scoonr?' co^prernor,Since the intcr000lor 
in uncd hero after the second stage of co1presrbn, cooli:.g rtdiu n 
at a relatively high tcnperature nay be cnpioyed. This -7-w.itce the 
cynton cuita le for automotive engines uharo radiLtor vatcr (Z 
IGOOF) Is used. 

;' 'fljnlx 	e of 	o hz 	rii,• Here cosprosnion of tb- 



cir# fi:aikcn picco in t xo ctncc. hc. c 2M ZUisplird by a nce: n1c: 3. 

drive to tho first ootprcccion sinrc, w1hars°t o ti m cccon-? rtc 

coprccor i driven icy thr ch auwt turb no • cooltnC of air i4 offc. 

+c cd dither botho n cao'i of tho stngc or only at the end of sec 

s to o c ;rpress1on,. Thile cthrtth the sawn t stagee coprcrcop to 

usually b patscd. tout ir'ro thtcsycten l a.M not offered any parties 

n1ar ,.:dv t goo when aapltcd to four std and, .ncc,, and to c c f 

holy of crc t use in ',vo otroltc engine; trbocbarging. 

3.39 	gno. 	tip: 	 :!4 	 n 	t1w 

la Ior a turbocMrgod engine, thy- uoight :,nd space rcqutrCrrnto 
arc c. '3110r. rho ucight of the charger to;rthcr riith the r h , t 
ear . `a .t ant' cir pip:,n my be czc+ trd to b 	Tat 3 prr cc.it of 
Vic tictg~it of a Tedium speed enr;ino. The specific t,c1, 'Alt of an  
unc' :aD 'rt1 en,~; ins jr t out 45 par ccit srat r then t! t of do tur•• 
bo e' - gcd e.nninc for the r ~. no Terser; the c'iDCncions of 
r ,ce, c 4nc t'.ro also 40 to 45 per cent orcatoro 
2. 'roccuc cv:..rgcd a)Clnro coot less than tt:o ortLvy 
for 'flit'-'' ';n io rw"yer o.it nt. t ir$ er the operT tins cooto of .^FIJI rc 

argcd dicool engines are lw.-tcrg bcc aso hcavicr fuel: cm:n be burnt. 

3. The specific fuel consumptionn of pressure charged diesel engines 

to boior. 

4. The conounptio of lubricating oils in fumesrgcd diesel 

a s,r ;nc in bo'icr. 

&* Lie c1ozr1 atrcait jatcr-caolin," plant of tucbn-chcrgc c c i,a1CO 

is ether, but tiara beat content of c~: "u^ t gc.os in gratcr, 
, 'bin cnanco and oY rrhaujin costs of to bosh tgcd enrg.nec arc 

7. 	r' o-chargcd ongthcs can br rcr;silly ov r .oadcd,bcc- izno t'+e 
to )ochcrgor speed ultcrs auto ically t.ith bov.d va atioo. 

4e& a2s'2.e' 
6WRAL LIBRARY UNIVERSITY (ii RO 



S. T dust of a turbocharged cngino is quietor bcc .usc of 
thc WnWorn diccbargc of ir.*cs. from thc r r +wn'V y cncc no M;cojia1 

cilc. icln - Is rcquircd« 

3.40 	bocs 	go 	tlon~• tbs L ofi the turbochzrgcrc ht.ve a ~I~i IIMrul 	~ rrlN ~ 1i.rrw~l.wl~w~.wnr yr 

ccntrttug 1 co iprcreor and an &i a3. fio: turbine, rim on bcU bc-z 
ri  3. flccently tnnrbocbar crs h w, also bccn dovclopcc uiI::A radial-

fl  o' Cur inc and buch bcaringfor tbc lou poicr rzmcc, Some hi h 
pry-Mars turbocharg ors - r ' rvr the axial eor proe;iorc us xrolle 

The largest riar i ac u1ofa of t~fi tit oc'rgolc avc 'i'± 

3roun i3ovei Co np ny L:nd the :3ritic:i .Japicr Turbochurgor. A a 
typical illu"tr<ztio l•.. 3.31 çivc the c;a^'.tuuctisnll dct, i1 of 
the Bro*.Jn 3overi io1i. ypC turbachargcr (20) •  It h .c t vtn 1 stags 
cent iftal c ? re: or on t:.c. lcft, driven jy 	 zxi.l 
flu turbine on the ri it. The engine cxhauct cntcro the turno 
at i 	leaves ut ;3. The oontrifugal co-mrco.:orf u'iocc l-ucr c n.d 
water ccisinRS are rxirkod y C and D. draws air throurh thy_ cue pion 
andsilcncor hood? F • Tue co' :o^itc unit of the co:prcrcor ant the 
t irbino is fitted on tiro eritho by the foot tounttn -c FP. 

Dotuccn tic co arc^ ,̂or and the turbine, there is suffici-

cat air ap co vh ch coves to heal -in ulatc the coprescor froc the 

:urbtno, There Is also a heat. i sulitjfl barrier 0 p oviddcd for the 
par se. the Bo on drive shaft is provided uith a protce ivc sleeve 
sawn in the fleurc. Thc to tine rotor curries thf ' 1r_,cicc on itn 
pTriE.:heZ7, on which :1o:r the hot cxwust g rcc ojcctin;; fro - the 
nozzle rirt~.j1L Thus tl:c chazi w r turbine drivcc tc shaft ~ .tfc :, 
on tho other end, has an lnpcl ..r J mounted upon it. - hike pn^sirt.r 

tiron 'i t c impollc r, the air Ic aceolorutCad pant`, after i Lou' rg 

►1 iT if : Vic cctffuncr, the .igh r.rcc uro :.Air cos o;e✓ rl-l- 
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l V3lut .r 
Thr rtccj ^Ilrn " 	- c-i - ortc l on to v.,cillEntly 	ntcti 

hiCrt cper b rtnp-. The be:.. riv, on t'i.c co^r re^.(sor outlet cccln~ 
is a t_ rac t b c.rin ; loc: tcr? in rti elunstniur. bronze Moue1nr, The 
the ne—cry bc;:r' n ; N V- c b'11 be rfnc; cncoscd in 	1&- tcol 
hotting. Both the ho'ue „L '--ur. resit i, oil rfccrvoirz mhcro the 1' 

lubricating oil to the bc~.rin-e .1r. cuprltc.d by the oil.thr ' Atec 
0. Thetc oil. cucpc arc provtc'cr; vl t .i O rain plug , oil. filler etp, 
oily-1cvel eiCht ;lace and an tnternt1ly c ecncd breathrt. 

The turbine inlet z.nd outset c sin;̂ is are nrf?c of nrecial 
h . "w ir: t tn,' cost iron. Thc c r t tra provik 	tth r'cnovl ?lc c,vc ro 

for 1xj;cetion cnr c1ranin^. Thr uAccl is forced cat of hi-*,. tc! • 
peratturc 1tcrtal. the blade t*hich r~ro of hi"' hest rr ciet nt 
alloyitkc a clidjnr fit in the rotor. Thrco :•rc provielcd uith1 very 
f the radial tip cicorancee on the ; orihory. the criprc:ccor ceir 
i s cart in CC —unto-re tst tn In .0 .niu' alloy an ! the lcpoller is 
a mneiine d cluninlun forgtn, 

Turbochargersoaploytnc high ccrprc rclon ratioC th-'era cn 
open siikcct ccntrifu'al corprceror - are provlccd iith a 4ortcr 
turbtrie blades-, the czterna1 dlmrncions renaming unc'asn"cc% Tho 
unit ei mjm t ► r'i:t * 313q, M neant for loty pressure euperchar,jn;; for 
boost ratios of 1.5:l. 

1`or univorra. applie)i .ity of the turboch€rgcr tho c 
proacor oni the tura.tne 	.re co cTa^iGvrd that th^cc *n .y 5e 
fttt 	c t any _nr; .r. 	 cct me 	 .F o ..,f~3t 	')l' i.0 4'?. t 
tic 	h rtcr 'n be In-f, Heel ".t :ny kkc .rc rL.cc -?n r•..r cln^$1e* 

3.41 	 Till recently t1c1 floc tua Y.ncc *. cr 

c clr^ivcly used in ct ntst i tur? hnrCcre. "crc czh u.^t 'o* 

the cm;tnc enters the fizcd r,, Afc vane a  actin; 4z flOZZ1c-.1 co th€:t 



r 
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th nr es are accelerated whic trhe-i irpinge upon the movingg blaies 

advancing in an axial direction, arc deprived of the bulk of tl.eir 

kinetic energy. This imparts the tngcntial momentum to the baldcs. 

In a irnaltistago turbine this pr000:r u1.1l be repeated in a number 

of *te es, Thus thr Casco leaving the first stage will enter the 

nozzles of the second stage and thence on to the next aovin , 

blade r; ng, and soon# In case of oxiaust IL  cuff Loicntly rich in 

energy a 	tistage turbine should preferably be used, othcr ri: c 

the outlet velocity lose is appreciable. The variation of prco uve 

and temperature due to the passage of gas along the fixed and mov,-
in,,; blades of a stage is shown In Fir. 3.82. The velocity triangles 

at the inlet and exit ends of the moving bl.urTo are also u:mn In 

the diaeran. Obviotwly,thr ror! done per The  of ;us on the blades 

is given by 
_V) 

(3.48) 

The p-v diagraz for the uor cconc In the turb :.lie Iw ^hiHrn 

in Fi f;. 3.83 chore the expansion tak c plLce aloe' 34 in t a ideal.. 

ease. The Letual expansion All t: 3ke p],ace alory co :c curv~ 

in trhteh cast the uor: oatatned by exppaneion In the turbtnc rill 

decrease by the amount of the area 3.4.4' 

the war done i -j turbine in an leca . Cacao 

Y-1 
Y (h3 V --ku4 ) 

__ 	v3[i_ (J)*v_j 	 (3)) 

The to perature drop in the tuvb no in an ideal case 

(3050) 
I'3 
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So the trod' done per i in, in the turbine in an tcicc1 enec 
Y-I 

Cp(T3 - T4) 	pT3 CI- 	4~~ Y 	(3.61) 

uboro tr is the xacight of ras paczintic' through tho turbine 

go':i Aliabatic cf; icicncy of the turbine, 
ac ttzc1 uorit don 1 

ate idcal tiorl, Conn 

hence the turbine pourer, which oust equal thr, cor -ressor 

'g :rcrt iS alv n by 

•1 	
p. 	[I 

- (T 
Y-I 

w..:- o - In the ovcr .l. c~c panic l officicncr of t%-, 
turbo-cT O:A i • 

3,42k r~;'~ _ 	 i _ ! r3~f ( 	Din use of rc:c11aI turbines an c^lLust 

gas turb3ncs is a rccc.it r?cvc:10 cnt, anti hac rr.cult:cd c►uo to its 

potential. advantaer- of Choapn 	ti , ;hcr cffictcncr anC case of 

rtanul'aetur'c. "These are cswccta1I r suited in certain apritcuttons, 

because the vanes ern be rwivc1lcd by an o torna1 r oaniei 1.ln. 

kageshtch increases their vlitt tiity froc Vin * tcbinr, point of 

In construction a r riial tnrbtnc may be concoivod as a 

centrifugal cOprcssor rune lrk,7 baclwar 1c th-, t is the hot ens ce ont. 

or at the porij,hor,  , pass through the no alc blade„ 0 theme t%rcn gh 

t ,.o ispc11cr, and finally leave in an ::ial dircctian at the iDpi. 

c13,or ore. 

3ccaicc of t c recent appearance of the rdth1 flo tt --t- 

bt!oO tua little inforriatifln is available about its effective t?c::i-n 



and por'orznco data It iu yet Uflrrocidcd uihethor straight ov 

curved noa4 o vvncc ohh)ulc be used, Thera may alMo be a foss 

ibtitty of r icpcn8in ; with the nozzles and us1nr, the volute or 

the eq ivalcnt of the it nolozss diffuser of a cor.  pvccsor. Thr 

opornton of the Cu rb' zee has been found to be rare satisfactory 

uithinn the speed rant 40000 to 45,000 r.p,n. S; oeds up to 

130000 	.m. have been tried by VAOso i anti I cllitt (32)u th 

plain bcartnrs, ancular contact :x aria ;c and ball bcaria s but 

the speed being Svc rr high brarin s have given trouble, close 

study of these troubles has revealed that the be ri mr thceclvc^ 

are not likely to ita osc do.ien lima s* 

The doLçn o"aclial 10 i turbine in ba: cd up= tic 

thor1ynatiic and acrodyncrile design criteria of ccntrthaal 
d o~- eeso a Sow: uccfr l iinfor Lion ai the rz ]. ri chtncry has 

bccn s aplicd by 3elje (33) uhxo c tcct results shxo;r that of"ici 

eioicc np to 85 per coat for prosouo ratio of 39 and ?:s percent 

for p c nnrc ratio of about 4 arc obtainable uith intcI►c Rcy iolth 

number 3,o0w 5.5 z i 	and :ia fron 0,57 to 14,OeL flow rim Is tic 
.. atio of to tip ,peed to the acoustic velocity at the art*« 

tidal tc:pQrL.turc correspondtnr to inlet total tonperature.Rcsults 
of Von der l o11 (3) sbc r that efficiencies up to 06 per c t 

can be obtained for the radial vaned turbl nes.. Also for an inrnrd  

flan turbine of 45 hap. output, the efficiency ( ) of 73 poi coat 

has been obtained* This 'io.:d^ vo t n conclusion that redi:.1 Lieu 

turbinco can be otcoc cfu l.7 dciiC.ed to Civc o i oicncier ra!1 inC 

from 75 to 85 per cent. 

The difficulty that h4s boon cncountcrcd uit , the aae- 

ia3. ttarbInoc is vie': the therml st 	s'- problcs, at' the tr' to 

to 	etructure in bt thcd by hot c°.4cn. In the c r,il sLscu ti at 



h avo boon dovolopcd so fart it has boon avoided of ing to the 

off + tivo Meat eonduotton« In futuro it Is V017 Likely, that 10 

euitabl.o cooling tiothod ray be davoloped for the purpose, Since 

ooiipowiding of this turbine is not posit olo, it ulll not be 

suitablo for pocr outputs greater than 600 h.p# So far it has 

+ y boon tried t dth zra►ll mainoo g and bec€ so of its a 	.oe0 

anal oesy rtutacturo along with Its high efficiencies, has 

o2thibltod its potentialities for use In t autoiottvo field, 

It should be noted that ezccpt for oq (3. ) all othc 

v n in the previous article for usual cri turbine uil3pply to 

tls typo of turbine as ucli. 

3,43,E 	but n~~• * ~r and ::~trFad ~ , 	b 	"' In the tchi v75t03  

of turboeharging, the c hsuct gasac on Inc 1ng discharged from the 
orllndor, travel back t and forth In the fori of pressure rrav: C in 

the oast Mold,. TIms the high pressure cihaust ulf.ch already 
contains a high content of kinetic energyq to lcd to the turb `.moo 
nozzle ring uhoro It is accelerated,, thereby further tnercscing 
its 'kinetic energy. Thus during the passago of tits high velocity 
gas over the novi blade rte, the latter absorbs tangential. tomm► 
entum and co reduces its kinetic cnery. In such a cane the t. rb. 

m o rocoivos a pulsating discharge and .so the operation of the 

ti rbine Is none stead r, 

If the ethauot of the engine Is at a sufficiently high 

proecure(ao is the c .sr with, high pressure turbo.chargod engines) 

it nay bs led to a receiver, so that the pulsations arc do cU, 

dram. Tim only energy po nosed by the cziiauet Tan is near• b t 

virtue of presuro and not due to pressure pulsations. ihus the 

turbine utll no;x receive a :toady supply of the gas, which, as 

u:^.?al, ulil cusp d t`A'sugh the noz to motel c..fli thrn pass over ti 



inr biur2o ring. Guch cys ~c i or tottnC is ?notes c cc xQt 1; 
p1QSCUDO 3 ,tcr3, Tho i3tc.ii 8 to: oomld not prove effective n 
the b nntn', bccansc duo to c€axstant pros urc t orI tr then 
cp1oycd,, the oncrr of the c hmct tiae th ort by the cncrry duo 
to prcuro pu satior , and co vas not sufficiont to drive the 
tu2b:no, 

In turbo.c rCin' practice, the pulsating floe turbino 
iS corrion1y torin`d the iripiiico trrbtno, From the .fuMacnta1 
theory, the tupulec Curb .nc rust not have any rcactton atali. f .o. 
the incrcaao of Unctic energy over the eovIn' hoc r nr)!mt t in 
practice, there in c 1 i yt cor c?cgree of reaction, say 13 per cc it. 
.hie eo trtb tcs to thr efficiency  of the t rhino, bccanc u,'ho 
efficiency Of the reaction turbt.rlc In ; mlicr t1 fl ti t of tIte 
Impacc tirbirte. The turbince cup1oyIn; constant prk- s urc Cys~;cu 
aro won as the 'reaction ra e f . tic cave there Is a pose. 
ibELity of the slop fed c i t u st cyc tc; . 
3.44 	n cr 	s The axuilyeIo of the e€ rc:: or urn 
pera ord In article 3.13, and that of the turbinc in 3.41 and 
3.4. Hero the turbo-ohai goi tIU be enrtlyccd taking troth the 
eo~ csor and the turbino as a cores%to unit. 

Thus if l absoluto tozporaturc of air at cot:iprcveor inlot, 
T 	absolute ton por~..turc of air at cor rcr'eov outlet, 
Cps spcCtftc heat of air .et constant prcoourc 
tY ;m ,flcri or air through he ca s s o 	b / ucc.. 

to have the uor ; econo by the eo:prc:.^or ci the c 

J.1 • C. (T2* 	ft- lb. per eec. (3.q3) 

Ar eta, If Te absolute to* eraturo of czhcuct -cc at turbine 
inlet, 

. c abno~4c 4cr cAat rc of cr'4mst r»~~~ (\t lar'. ":Ano at 	
o"At ct, 
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Cpg Cpcoifie beat of odum t gar a,. cOz Cant prc cure, 
~tcicht of fuel used per lb,. of air past through 
the cxnpros or,, 

vo have the cork dcvolopc 1 by the turbine. 

3.t a (1 	f) Cpg (T3oT4) (3.64) 

.Since, 	turb nc shaft output.. = 	cocmrce:.or shaft input 

3. Ua (3 + U) C 	(T3. T4) YL~,~ " 	Cp 	` 

uhore ft rcpresmts the m e anica1 efficiency for the 
coipreoor and the tur inc ut thh 'roper subscripts oaf i"Trm , 

: TT _Ty = 	(L ) . 1 - 	(0055) 
cr ' \ 	+ + / q -m,yt r t 
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" '" ,Ain AP 	tI T 	iJ1 '! ri4,LRC1) t'.IGTID 

o' 	+c 	Ew1n 	r o Fa 	o o 	: The offcct of 

superchzirtng on the fondccental factors that ovcrn the opørattoA 

of an cn;ino has already bcon disc-asoed in chapter 2* The ongino 

porfoa nca is oleo very tiuc.t influcncod by Cho degree of uper-

charge. t1hatcvr any be the rothod adopted for obtaintn higher 
boosts, sups " rginn will irwariabiy have the tolloiink effects:'. 

(1) Tncrcaf:o in bruIo Aeon affective pree uro and therefore 
c cnnc In votmr outrit of the rngino.i pressure ratio of 

1.5:1 lnaaaascc the b.i.c.p. from ?0.80 lb. in.2  to 110«.123 

a ii ti t of 2s : l raicoc It ti 2O220 lb/In.2. 

The ccn c fectivc pros uro of 350 .lb./in,w2  have also b xn 

obtained contiru o is 1y durinr, tes tc, and of u a3z ut ''0 lb.jin#2  

for a c o  a s ort ti .. 

(2) Yncrc-.ro In zchu l.c0l offtcte icy, bccLusc the increase of 

frictioi losses c.:mparod t) the error gain is ich s 1lor. 

(3) hoc .ction of Cpccific fuel ooncuDption, The reduction is duo 

to the in rcased ttir donee, bettor nixing of the fuel and 

air anc irorcasod aschanical efficiency. In sos cases spate 

Ific fuel consi rtion ! y not reduce, 

The perortnancc curvs presented in the subsequent 

discussion chow the effect of s'1perchurgtng quc-ntitativcly upon 

these variables, 

.2 I 	z 	iii 	r 	Fo 	 The bout balance for 

11 	in. X 15 In* '14A. e 6 cyllador engine is a oun .n '.able 4.1 

bolou. To have the cor parativo tea the heat balance uas btaincd 

for both t 4aual1y aspirated and the sl:perd.1rged cond Itlon. f!ith 
at oop1Xric indnctio . t' ,e engine dovolopcd (O h.p, at 700 r.p*n. 



00 
vlth a opco1Fia fto1 eonur2ptton of 0.337; the corcpdtn3~r: Crz 
In the cupox'c rgcd condition being 050 b.,p,, ut 700 r.p.r. un 1 u 
3pcoltic uo1 aoruur Lion of 0.37. 

Tablo 1 (33) 

per hub 	Per cant J .,' .U, ;or 1w. per. 

Shaft drat 2,420,000 3740 1,,764,,40 2300 

To radiator 1,020 000 15.0 1,220,000 25.0 

To oil cooler ]20 000 3.0 

' 

160,000 3.3 

To c 	t tac t 2,730,000 42.6 1,620,003 33*6 

Rc 

 

ictioi 120,000 2,0 1 	t00O '+42 

It ray be o con that In a euperetirgod cu- ino tho portion 
of het 	into the cziauct to gr. ator. I 1 ov Cue to better se .c 

in g the Icrit rC jCOtCd to aoollnC uutcI is ^a.ah l0CC tC. flC  

that the coollne +qui nt r, y be C'. .1o1'. I Ar i of C t iapor- 
rn co in Dzsi1 traction an ' a:stoi otIve service uhero ap.co rend ucight 
are at a PrCulon. 
4.3. 	a ;; to r,ocnt 
the repprsontaUvo perform nce of cn* Inc: uith all the cchcnica1  

s r ' rem t a typical +c eple for each category hue boca ccicct 
Three t x. perfornnco of u Poll loco~►otive (12) , cp1oyin oote blo.  

uor for cn =harO1, is given in 1't. 4,1. uhiah Is rcprcocnto.ttvo, 
core 

 
or lens) of thr Vi3,e class of rocitivo tiiepL..ectiCnt loorr. 

I 
t.!i.th b1ororo of impro cd adi battc ofi ictenc7 Cif. the ccrcti ' oucr3, 

the porfortnco ay b c p< et d to b c1ir,'--7;' on Vie hig he. sloe, 
The Poll diced l loco-►hive aomprtrr.r f©;ar 530 h.G ROB 

clan mite snpr :urged by tuo Roots bloioro, each .12rlvei by a, sc 
ante 150 hope CttUti1tu7 cn ! nC. hr cn:pactcrietic re a .rcr? for a 

f 

loco' ,ivc cni ;ino 1, thct the ' YCr eh ti rcmtn fairly Coat ,ant 
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Ova? th ontirc cpood rcncc, T1is t boin cc4 cved hors, be a;;a 
the eattao is inthtcdnin 6 b.b..p. of 400 ovor a vice epccd zcao 
ot 5001400 r,p.q. Vor eonnt t po'icr the zpceific air eon .!nption 
(lb. ofair per b,h,p. parr hr.) will .lao be nearly conztant. Con 
equontly the D orcharor h.s to run at a constant speed ;irrospcc. 
ti va of the a peOd of engine. This can n1y be nccoap? iahcd. ihcii the 

lour is driven orterzally, Hero thr. boost. prQ  rO is atoritict 

lly aY3nstin itself to the engine speed.:Jbon this dearcaseep too 

airy tcorature, the cth gust tcuorcture and the cylinder pressure 

fall dojn 

Pie. 4.2 Gives the typical conparicton of the perror. nca 

(11) of the zinc under different eonditlo see-naturally aspirated 
and si .--rohargod by 3icora coo ressor (the co--prosced air being fed 

direr p' as wall as through the intorcoolcr to the engine) • The 

charge pros-are is laver vhon delivered via the cooler bc.c a ►o of 
the pvoscure drop tahing glace into it, Also the specific fuel con 

su mption and the ethaust toraporaturo are the forest in the pressure 
Charged and cooled cases 

The zx'rforriinee of a 4.4 litre excavator engine is given 

in rig 4.3. Hero the requirement is a high torque at b0 "s seeds as 

in clear from the b.c.c,p. curve tihorc the bomoe,p. at 100 rp.m.  
is the same as that of the norn1by aspirated engine, This engine 

.a supercharged by a Ricardo trobbbo plate couprossor breauso of 

its high vol=tric efficiency at loo speeds. We to lou b. i.o,p,, 

rcquir :3ont at high spccdc9. the giantit r of fuel tnjeotcd s also 
b-e decreased. 

In figure 4„4, the sea level performance of a 6,15 C in,%  
14 eylindor aircraft  mine (37) t ith geared contrtfuvol ruperchar 

gar in given* The i.i it b-o represents the r. ion allo.ft.'bc ' ►* i,o,p4 
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rc trLctc1 froi con idcratjons of c;asignp and cntrollcd by tho 

bhrottic. This cansafo1y cruise continuously at C, that it non 117 
doe co gat the point of best economy. Tho point gives tho limit for 
Z1 j output possible for very s - ort perio s with a vary rich 
nizturec trcngtT , 

4.4 	:c r. 	cad enjt.. Tha typic c l pc rforr+anco 
cure o of r. to r prcicura turtocharg:d 6 cylinder 124 In. a 13 ire 
Rico Oil rnCino (3J) are o'io xn in Ft r. ,5. The engine tins rated to 
c~cvolop 11000 b.h,,p. at 740 r.p.zi. Curve A sho:rs thr spccific furl 
eonsun p tio:i a itc: ham the 10:crib value of 0,37 lb, per bAspw hr. 
at a baits V ci cftcettro prccsurr of 100 psi, and Cl obvrCc p'cncuro 
of ab t 4 Fst. curve L Ljvcz thr cthaut tctucraturc at turbj:tc 
inlct u liohh is hishrr than the corresponding tc-,% craturo at t~1e cr. 
haunt vol t. Thjr .is so bocau rc there Is a certaatn crxvunt of to 
porature rlsc due to frictional reheat in the ez'hc.t ct n ntfold. The 
superchir or spood Coos on tncrecsinc .t ith the pot cr u ich rc fleots 

{ on the supercharger ad justii ont with cngtflo spobd, 
Fig. 4,6 presents the eonzprohensive perform tce of a high 

pressure txrbo.chargod 6 cylinder 300 a. X 450 e, fl.. engine 
(1'' • The othgtne has a fabricated frrome,uith alunun pistons and 
cast cyl: nd..ors. The unit .co prises a fivc•.stago exhaust gas turbine 
and a ten stage cor aros Dorf nine stages of which are reria1.. not the 
last one medial. An intcrcoolcr us also inscrted bctuecn the ninth 
and tcztth stages of the c itprersor-. Curve A sho'so the specific fuel 

consun tton uith the lo%tiest value of Og3l lb. per b,h.p. hr. at a 
brans mean effective pressure of 225 The per sq. ins uhon the char' 
gins air prersuro is 35 lb*. per sq. in. .11th increased charge prose» 
uroc a the charging air temperature .versants rapidly uhgca rict1rz #.a o 
nrcucst :p of cooling or the charge in race of superchurgcd engines. 
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tic oz oust temporc turn is alto ver hig 1 the zirruu ,inn; 

4,5 #  

The actual porfornm ourvs obtained utth 

tto diffoi'cnt p ss sure chargers on similar enginnc € 4e si n in 
Pi g0 447. It u y be, so th^ t th pcciftc fuel consumes pion Is tho 
beet with turbo•oharacd eninr. , cicopt at ve It :s b.m.e„poa0!Jith 
lcri p s uro turboc i gcd r.ngine the b,D.o,p. increases wit . the 
cngino speed uhiei is a eon c:,=ra i. ►Oriatic of a3. , tuVa~~~^ ►Gcr3 

t enes. t1ith Roots b1orer the cnjino tic got a drooping eNa otcr- 
i, 

ictie for to b,n. gyp,., a property eon with all icchwiteUy 

\` r\ \ u phgc2 er nca, By providing g a cit rlc govcrnor in the fuel 
a tc'9 the f ei cupplj has bco i io •d3ty tcd that it gives the 
hhLC 1cr vca1uce of toriio 1:t lou Cl-inc rpccdc. Thus the c r ping  

to ct curtrc he been obtained utth high precurercirgcd 

cnrjLic c3 troll. 
The rcgi jtc c %_a rd utth a locomotive Dair3icr 

cylinder 000 h.p. engine (33) with ' oth cha cai1y t i icn as troll 
a the thirnc't turbine driven ecntrtfigal blo rcr are given In Fir... 
4. , lorc the fuel supply tac ad jug cd to give outputs rcquirc r t' 
the propeller at different speeds,. The speed rango shpt is so 
united btemirc those engines are driven through hydraulic  hydreulic or ale. 
et .c trnsetsion Ii pr:.ctico The specific fuel epm unption in 

alt! ; h l uor trith turbocherg1T.. its cBpcctcd, the e=hcuct bit 
prensuro to higher,, the ca ii value being. 2.6 poi. UIth nCcbeai» 
ter.l supercharging the othaust toeporaturo is dtgitly higher in 

the higher ap- cd rano ub eh in due to the rapid increase of pier, 

abcorb d by the b?o-xcr uit speed. 
In Fir* A-90 arc tllu3tratcd the rcaults breed lapis the 
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'sin tLtionr of O.tJ,$ch ( )) o i the aircraftcnCj' 1c3 L L`t rcrs - 

crgcl ii throc difformt Iraq:. All the engines dclivorccl 1O b,h.p, 
at=141 level. At ran a .tttnndc of 4O,OOO ft. tho n-tur33.1y 
rated cl. o co lti dclivcr only a out 1? per cent of itH goun1 
level prcr; the oorreopondinr pocr 6cvclopc ci by the cngtne uitb 
Roots blaucr s-1u aboutt C0 per cents man uith gcarct cant .tc z1 
c r venc type of sips rc rgcr ♦'as a.~o t 136 p r cc 	Uit.. 
Zan 	bo.c j1nC, th act poior output v as . the :.-ic as c. tic 
Cr mcl lcvel. Proviccd the prczLure is ntaincd ut the c tr_?ct 1x' 
suction uoild ha . o boon ._tco phh r c, the cnp Lno v',ali1 hvo 6 .1% 7 C. 
about 115 b.b.p. duo *, itc : pertioi r. I..ln^t a 10 i b, ci pre curc 
equal to tic atios hrric pros :urc t that ul t.i t'iio. )1pto n Iio1;; 
of about 15000 ft., t Toro c ,ct only 7mll t7iffcrcr-co b-,. .facn 
the yes but beyond this the s periority of u iscrngir is 

self cvidcnt* 

On the Ixisin of trtr pork. 
formnce discassad & ovc, a critical study of the s , V'rAjjty 
t.flatability of a c ass of oiergcd cn„ines to a particular 

I 
application ray no'., fglocr. or prcc =are chtirgcd cninec td ii 
loco - ►ivc: mrint propulsion, rrscr stations, alrcrc ftc, 	in& 
t trial installations, both ciecmxitcc3. s-perchargthg W turboe r'.. 
Cb hc.ve boon applied. There persists, lxo:lovcr, a lag of et c  

v. S-,y au ut the cupr.rcha in of cr in'c uccd In auto tie rapr, .1-W 
cations awl carti covinC a chincry. ror cuchl upplic:ticzis a droop 
tn torque curacteristic to the essential rcquirorcxit o irAo'z rrans  
t1r.it• is engine should be capable of davcloping high torqucc/b, c. 

p:, at Uri cpcedv,* it turbchargcd engine Mill no Ordi 	ly l. 
' , t'ii Vcq rc.=ntt bc. c ,u^c the tur »crgcr dcp dr, for Its 

o -i , Uon t'+i`v `i4 ly up 	thr cw —jinni At to s c 	~.ir+ ,.p'r'*,t', 47 r. t#1 cn.L4fly 
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t3 a U r? t 	'] --n flt T~ U be 1c^c-, t:o t.t t1zc cc =-c r: . 
v'Dp fra tho to ou ohaD1rr. tTill also be jooi,. Thsc it, tatitaD. 
x viz, iovcc1 the develop nt of turb=har ; j for fah arp e t ova^ anti 
W ivc 1c to Who tahanica y c`iprTOTr.rgcs orrrytncs tiuthat!. z ; in 

Tim .Doing consclot ^rocs of 10 r; v opeotfic poi cc 

u-ntlor in tutoehrgod enginco eau1i not r otr In the uco of 

tt,trjoc rr d ontnro in the tonotivr field aD ¶1011, Con civcnt1y 

toehnrod tnginao havo boon used for such applicatiore ex all$, 
but thou vT~1t'ity Xw c io r ed : the pcttivc c rjv c' .v. ~►^  
c.., L r hh1"7 b1t 'tor, T3icora and Richart o ' n1Pcecore o"i the oU- 

" 111 ltn'-s : 

1.. 1c.akof c roopin torque oharactor$ctl 

So on-oct of c e durtr acceleration . 

It 1s tDLIO that the t*irbochcrcd cn,incc 1 i i In 1roo.. 

ttn, torque characteristics  o but It can dcfinito1r be cc 1cvcr1 

(Fin, L,7 by provi!tnZ a of rlc c ntroi In the 101 . •'p11. The 
convcittciu1 turboehorgor ratchcd to ivo optic., ' t c iticno at 
lot; cvjiiw opoc:1c u11l orv'o thr varp000. £ ico tv i'th the o. cnn g 
aoo o^ toga convertor drives and rtt..opccl tranor►.i Slan syete.is, 
the e uiro rnt of ht C" torque at 2,o:.' speeds has brc4 Gono orabl 
r!ucct1. 

as the on inc is acccicrz-tcdq the tc1 swap., 
to O: rn'tno tr iediatc47 Lnercnicq but the t rbocr 'cr tc. cs 
~. ~... c.) si ccd U? too a rrcii1t of Ott: i obi an Instant cone pt o'ortiomm 

rya^ . zinc: in the cuppiy of co a rccoci air to the on i_ ,o In dc1c-
yrx1 This roon1 z in i comActc n mstton ppo'ucin Ct 3! c ~ Ot. 
iilro Ouc t Ina arcd valve overlap, slot are proviacd in the 

.ototi&& tnoi .t& 1-r c ►pw ?1: c t1 erne ^ breathet-' -, nil c-'- ,. 



96.  
t Lion officioncy. with inercas e-I !uDc11argC prCZUrC3, the vclvve 

overlap can be reduced whie i rccult In thr tiidenninr of thn std 

ranjo for acceptable snake lcvo1 • Brabury (31) has w es ted that 

the sIkc ca._i be eliminated by providing a tort o stop o , the fuel 

puriip t'ich is controlled by the turbocharger presruro. Sow +gbe 

:nfacturcrs in the United Statcs have a10 reported abmzt the 

oli ination of sr okc. 

It -ay, thorrfore, be expected that in the near ft tm'c 

the tiro'.'cii read engines trill occupy an important position in the 

O #~to tive field as well. 

Per high altitude flights Via turbocharger is n1rca r 

in tin ndvantn,gcous position. The me c'iwiieal y s!zperc', .~rgcd cn .rr s 

ar-= Ocrated by 3 t 4 per cent par 1900otte aititnc ca t whcr as the 
t 

 

rbocargod c inc rjntains its increased sc • level rating t p 

to 1,500 ft. with the a rc increaso in rotor speed by 3 per cant. 

At the c rr tire, due to reduce. 'intake pros;ar+o and ter. ;cr: tnnre, 

the cylinder prec tc b.i.c,p, i nt1 the czhcnxst terpertturo re n 

tered. 

In all other fields, the turbo.chargcd cn the ahead' 

demtnatro duo ti Its superiority. 



54 lac fc 1atong.tx turboch rgcd c_ no consists of three 

au .liartcc the aerodynamic co rcocor, the cnCine and the CVZMtct 

gas turbines "These individuril corponcnts, any br designed w cordintj 

to r uireracats, so that the co7Tlcto unit will yield the perfor 

ante required of it at the 'design point', that in vhcn runnin' at 

the partici jar speed and !ass floe for trhic! the coiponcntc UCrO 

desi ?ncd. hC unit uIll not aluayc be operatin(; at itv dc1r,'n c n,. 

ditthn:• $ but will also be subject to fluctuation : of lord from tine 

to time. Thus vhrn the op ration tr.Itec place at 'off-dc i fn point', 

there i 	r• at likelihood for either of the components to fll in 

a rc gion of instability, This is dctrthental to thr coiponcnt and 

may proouco t4rduous affects on the unit as volt. Dar 	* +~rri~rwr 	i 

cpjngntn In 	c to k 	t lilt i its A 	. 

The POUQT absorbed by th co-rproscor and the g . cr dcvc 

loped hq the turb i nc can be readly prcdic tcd, provided tlx initial 

and MnI coni io •.1 r 	imag 	e prfor1.ii.. lcc o1 raett r'.nYtcs of 

thCcL co s, ncntt:, can alto x found out by actual test LuLtltout diff 
U 

ficity, Oit V.c prc~1icttea of t' c perf'orn-ncc of c. rcciproez tin,; 

ongi'o in too corplictcti brc,arr of the lti liei y of the vtar{c. 

bir^ involved in thr prmblr s it Co t:'i . c:..i only be founf4 out 
cx?erIrr1ta11y. I'o:r uhen all thccr corspo cntr urr ., nkkr+i to ct~i.cr, 
the oper~ttin' rzmf o of cc '; of t c components is rcducc,' cc dl^A:'oa -
n ijy. fence in order to cn urroper r tch n ; for czac`i eq u.L:-,glum 

conditI sn o`' Vi. units Vic corresjondin" operctin 	tit are Obi 

aInti o.a t:~c chnractcr Jicr of CL&1 of tho corionerLtc. henc eve 



97 

cd for tho typical. co atctto i of t r is ouc quantlticc Co 

to 2otcrrinc the operattrtg rnnoo of the combination. 

Son 	1 or 	i' " 	,. The itohLng rcqui- .^ t s =y be 
d1 orc t in ff oi'ont canoe dcpcndin upon the dutic to uhtoh 

tho cncino in put* Thee in a potror n attanJho cnrtne bou1d opoxto 
at ht off cia-l.cy only within a rc str cted ran c of th Cosi cd 

output* In a p ccangor or cargo vo .-r1, the cn71 :o in rui'l to 

operate utt: good cco tort' at nort l C zt3tn" pvmr tiaich rig be 

only a cm+il traction of the r,.tcd oitrut of the engine. 'aver^ r-Ay 
alco b cijin M ta[ ci in tircift tns1 rail-t cuton i iic*a vc 2 c 

a fat 2y unitOD afT icic icy ct nr l c ,aic t v ; oitpu c. u is In 
nor l7 ;3f or t ircc quarto of Vic - 1 .i rr.  r. ; uc In 1tf 
fcrcnt c -z dj fcrc t 3^ 1t to .d pC?f'o=:.nccv <aro CffljjrCd L ~n• 

perm A'o achieved in on cetuti car'o by crop-Or ooicctton of the 

cot p 	t s, n rannc;rd in a uitabl order. Thrn Tim according  to ': l► 

of c acntcq to caticfy tho rcquixntc of the different dutico, 
to be r.10 tiith some degree of certainty. 

If the coponcntc of a trnit are  

flic! tChed, the turbo.chctrger uiU un at either tc lotx a 
or at te high a epced. TIir till dccr aec or incrcto the =n fold 
presrnro r cpcctivc1y. Thu^ the cujino por2ormaco and the ojcjf1C 

fuo3 eocwirti will ! cffr.etrtl, r c is .11luctratcd in Fir* 5010 
a  1 

It r1:y be ecent that ult! incorrect catching the pertorl' nco of the 

eng ne gios do in constdorablV* 

r .Asa tching con be corrcctcd by o-iploying clifforcnt bl :do 

lrgthe cn . non to nrcac uithout any laic of offtcioncy on to t'-

O~al= o c Cc„ In the ca-~~:rcccor the diffuser rent tho t llc Olc::CZ- 
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ve prtiett4 tonti irt* Ono of the 1tcrn"ttvcs t the 'i' neir ' 

lift s r, io -ricers the r.'ncc of stable operation but comers 

60 the lass lea tf1 eicney* The WC Hof impallWr) of v Tying ca G 

city in the oci turn, hargcr e._r1n provides the coo pro cor cbm 

ctcrFttcf3 in different r n =* x .c i c1c :r from Figo,. 5.2 a d  

Z.3. It f ~,y be obarrvc ! th a, .t the 1t rgcr rotor cs .dons the co ro cor 

'beret.. the Sm~? 1cr oar. 0 orton- Itr The 1i ttCx" L . T4;=t V[3 

is of great help in cuto otivo p1ictionz borc prccice rittbhing 

Iiri G;3 b, aohicvcd. 

t3r4+. 	 rl tqfl: 	j1vr1i   
The ch..sact-Tictic p r or. a: e C of co prc~ .. or 	' t . 

rbs.nc* eu be rcprc:;critrii to t stm'1ifted for by t'io u-..c of Oia 
, z .r"r p ra rtero containin^ the variaTAco tb it govr.rn the crpo. 

nt zz 1^ 1) °saviour. PO i C ,nrrcu.-or thc: c vartablec are: 
1. The proswurc of t .4 Inlet ;Ir - - - P1 

2. The ten cratctre of the Last ir - - - Ti. i1ot1 rLnco 
= R T, 	trhore R to the ^«x cor 3ttnt, tnrtccd of d 
(the density o tic -tX rat inlet) May a)o t°on oa 

that the cztra dtzicntoa of tcnp r -turc Ic oi: invca 
i1od, 

3. A oh ractertstic lfncur di ncton of the unit$ sa D. 
4. The err, flcr of .c: c $ Q. 

rothtiorzol opood f . 

G. The cutlet pZ o:uro o 	, P. 

Thus tic :vo 

(s.-) 

The raylciCh'c ct1 oJ concI t- In uritin- the function f , 
n:c t =.: rro"uet of PO ern- O:' thr viab1ec P~~r ~ r D, t art-? T. 



r 	 ~ 

	

C 4'1 	 11 

(d) 	 (b) 	 (C) 

COMPRESSOR CASING ARRANGE.ME NT TO TAKE VARtOUS SIZES 
OF' ROTORS 

FIG.52.. 

(b) COMPRESSOR ACCOMODATING SMALL ROTOR 

(b) COMPRESSOR ACCOMODATlNG MEDIUM ROTOR 
(C) COMPRESSOR ACCOMOQATING LARGE ROTOR 

REF. 32. 

1.6 — 	~r 7 r *  	- - - 	 _ , _ 1 

	

~ 	r 	/ 

	

- 

 I 	 I JN 	L/1 iJ 
14 	1 	 +J 	r_ 	. / // 

O So 10o 150 0 S0 loo X50 loo 0 50 loo +5O 100 150 

(b) 	 (C) 

COMPARISON OF" COMPRI -.rSOR CHARACT.RtST lCS FRC°"-^ ROTORS 
OF VARIOUS WIDTHS AC.COMADATE D tN COMPRESSOR CASING 

AS SHOWN IN FIG.5 2 

FIG, 5'3, 

RtF 32 



w. 

Thus eqn (4.1) may be written ,o 
a 	b £ C . 	 NC e 

i 

whoro C ie a c1inrnsio: .coe Constant and a,b,c,d le aro the nttcrc 
whose valuer are t.) btu dctcrr incd, 

1`a!ting the .fu.ndar~ental c1ic e.:nc to s an trnc 1, length L, c..icl time 

i , the aovc ec uc Lion my bc. ezrrccced, in ter ,f , of the tunciarentu1 
dimenstono, as ioit 

M ~ T-1= (MC~ T-2) L̀ (ML3~b. (L)C. (MTH)d  T-'fie 

Since the Lr ovc cqu..tion rrant be die n^iunr. ,ly ho'?orenetrv,  , 
ogaea Linn the indic c: i of the (i. n.' ionT gives 

I:  

-zC-d-~, 

There are five unknotmc and thre equations, s, let c 9 c! r ncI 

e be dc.tevtatnod in tcrris of a and b. 
Th 

	

d = 1»&~►b 	 I 

+3b 
e a la+b 

Gubstitutt3 in eqn (4.2) , 
Pl a• 	b C -I+&-j-3 	i-a-b 	1- .+b• 

nividinr by Pi to obtain a non.t incnnional quantity on the 

left hand ziflee 

~fb.~p~'1 to+3 ~~
/ 

(Q) 	(N) tN li-a+ b 	
($.~~ 

P 	' 	 J I 

The Thic kinv^hw Tr theoren s tat c: s t t If n variablc a arc 

connected by an unl~na rn dtucn^i -xnally homcencow equatton, tho 

equurtion sin be caprcn cd in the for of t rcl tioc',1.n bct=crn 



(ni.r)iw2opcndont d,imcnsionlcc^ pro(' ct , rhorc r is the nu ar of 

fuzxiiczent&1 tjrncnctons. °ah©rc bola c•i variables involvcd in thc 
problci ith three 	,cntt1 c i n, icy, the not bor of dt:cno2.  
onlcce products ii thi l ce3wo will ,therefore, be thrce , 

Thun cquation (5 3) gi.voc 

P, 	(~-) 	C 	 l   

Or, altC ..=.t ,vcly 
Pl 	/ _Q 

"t 	Pi _. 	R-TI 

there fozo, N D 

and 
(6,t) 

or a given eo pre nor uorkini with a given cant t an D 

trill be constant. hence those my be deleted from the groups. Thus 

tho vgfl (5„4) finally cos 

P, - 	I 	 (5.5) 

Since I- (T2 being thr c-a•m.)rc,uor outlet temporaturo) i a 

funet ion of L in a co- iprencor, ogn(5.3) a .  i aloe be urittrn 
P~ 

as 

T~ _ i' j N __ 
T, 	P, 

(3.0) 

It the s ufficcc 3 tc, 4 refer to the inlet tnd t tiot cu► 
dtttoi of the tur~Lnc, by prr `ormin7; a nthilcr analysin, it trill 
be fo^nv1 that tic cquz hone rcprrncnttn; the perfor .anco e aractcr-
ictico of a turb'.aw arc 

P3 ( N 	
Q

" ~rT; _ 
~T ~ N. 

(397) 
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or in torn. of thr t;c " oraturc ratio 

T3 	 ((  
T 

_ 
4 ' ) __c— ) 	(5.8) 

Since in co' pra ' or and turb Ln: prr•,'orm-,noc, the v uoo of  
pre uro and tonpcvtur: uc d are the totw.1 heart quantitico, t'icro 
uill henceforth mean thc• total h -a pr000nro and the total head 
teriperature, and, to be r. re opccific, the icE, :cr 'VV utli be cuff 
tired to the yribole. 

The neco"ctt1 of dtrxretonai. ana1ycic In t'ic-o ei coc r:3:_; 

be rcalizct from the fact that In tcr-r of the  

par tore thc: co!.?cto performance o:' either th( conprcccor or t'". 
turbinr iy be rcprczcntcd by tuo sots of cury c on1,y. in ti3 of 
thr .ctual variLblcs, the perfor i nco croul~3 require it 	=y 1 

nu or of teats and tcct curvca. 
5.5. 	 )c roon tt oft cif Co r ': ^ 	^r r,• a Y 	~. 

Fie, 5.4 and 3.5. roprc cnt the nr diacnoson:.1 perfo?anco 

cure for a cent: ifural conp'ci or and an axial fbcri co-mroceor ire» 
epcctivcly. Rcro proecurc ratios a'- o plotted on the ordino against 
nodjaeniom1 mass 3' fbo: s on the abscissa$ such th':t each curve ic 

for a fixed value of the non di nmional rotational opoed. fo tia-•s, 

ins toad of the preourc ratios, thr toy eraturc ratios are plotted 

on the ordinate. The ftguroz shoot the efficiency contours as Vail. 

To the loft of the nurgi ? .'v, is t' ..e reCion in which t'ic operation 

of the conprossor is unstable. .'h ,3 is duo to thc phcnor non of 

"ourgtof'. Also with co:noidorably tncrcu3cd Esc f1.ow.ic the choking 

occurs in the diffuser throat. Hor{ the Asir angles bocone different 

tarn the vane anglec,j resulting in the break a*,gay of air an in the 

rctc ri 1r:.ti.'n or Et"f'iaicricy. Thus the cnprc sor operation is 11!A-

t© by thr citrg : line on thr left and by the chokirr limit on t r 
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The eo' u'jr on of Fi r m 3,4. cnc1 3.G trill r1'oi tht. 'ter 
f'.f od vnlucQ of N - 9 the z4it1 ue rriYroe o r c ar-actc t,, etc~ cover 

' 	t 
ca mch nctrroor rantjo of .:ion f ou than the ccntr fw zi1 ore., 
ceore Also Vic Burro limit to rcaohoc before the cnvcc recut a 
zinxn vcilnc of pcocuro ratio of cf1iet aey. 	µ Mirrcnc of 
otzblo oprcitioz of ciel eo occ car Is to ► LEAtcC2 ocxllinc for 
rccitoi ncod of ctchint to ovoid in^ t ibiUty at oporatifl3 Coca. 
ttions away fin the dcxiCn point.  

4 t 	►+e' .r 	iaar► ,__'~r~ c +"~a :r 	t©a 	- ~r3ai_a c~ ~ " cs „ , g -~« Pir. 
6,6 rcprc^entr the no - t. n^ion, 1 rcrfor -:_ncc of C. turd' =o ui.:iero 
the pres arc rcitioe crc plottcO rZ zinut t hr• nor -c~ . 	9 cn" c. roc 
flore for c iffot ent values of the non-dic,cne ¶o.  ; . rot%tj.- 1 
cpecdc. the terporcturo rcitioz boin ci oinplc llinet oa of the rrc- 

rc ratios t y also be platted on the ordinate. Pro"' £,,.^ f .,tiro 
It iy be soon that the condo nt cpcod prµ run into rt oln;ir 
ctciight. lino. Thin mrano that at this pcirticlar value off` P 

3-t 
the a oltinc ire in the our,)tne, and co this Is the 	.irin flu 

C 3 blo through it, T2*c the turbine operLtio s c 14;Q Ut1tci 
ovr to prticlLr mac. 

5.7. 	 In t e one' no n3 turbo- 
c r Vci ctoh.Lrrq the co 	ccor porfor irnoc =p is a uit blo 

CL., c3 yr c TX !'C Urn uhiu', the cninc: open atin!;io2nz cc.:n be 

loc, tct~. 	Vr very rob1ori of cncilyt inC the off dcci :-i opor. 
r • 

y Jo tlrc d :r' (. that of 1zppin the Clem rod en'ginc pr re 

tore in tic co'proenar prfornco field,  

The onZtno al aye chars ,te supply of air from the corva 
eror. '•intcvcr CT be th cprrcd of ' oho on o, the lattcr 'it3.l 
Lam in a fairly constant v 1'ur. of :.r Cu rid; every e7 lc of 



103 

oVcrattom ?Cpcic z ujzz& it vo1uctric 	Lu$ca y zs. c ;nnc 
jtnilonn a 3utth-- dr- ity cad r o the c1eirhyt of t it tnC uotc1 

All be diffc nt dopcnc2tn," u' a tjzc 1 ct1 cQnt ittonc 0.1 the cn ino. 
I rurtni for the rake of cit3pUoi t the adiabatic eo. rOt ton of 

.r through the corprescor, the v tun of air at co cc co motion 
win cu^tly be evaluated fora :rtie1ar quirc nt of the cgine 

u' ioh ui31 uorcly be c function of for opoct2 cn tho p c. m rc 

t o, the vo1uc at drlivory rcinin,; +on_^.tznt. Thug, fior a 

p~ictllc.r cn i r ccI, for ditforcn vc1ucm of pre 	tic, 
Q. ~Tlt y be t rclii atc and to the engine cpcc2 1 c $ r p ttcsi 

on t , ; eo rc r c or porter : ncc :yap. 3y co 	cot  vi : L A 
Sic r crithin a roacon )10 range of opor .ton of Wr cnW ;'s E;, cc' 

o3. such engtnc . spud 1 cm ray be plottcd. xo iUuntr,stc the 
`aturo of theoc Unco, " fcs zucb cngtn pccc1 la: c huo b n 

o arbitrarily in Pia, 5.4. It y be rl:ct3 that the 2. ' a 
diverge at h g ror procure ratios* 

t n cnginccpocd line L ;.n affect a plot of the pith thich 
the engine uculd foU o i uhrn z'zintng at a conotant opcodo Thi the 
aotttil point of operation of the c ino gay be r; "ioro on the 
line dcpcndI ^ upon t1 r load cortditionc. Tt c inee the t be ohc. 
r cd engine 1. , i ooripocito unit eonp o ng the co a c orp the 

"2, o ani the tur'.~inc t for optic pert o -::tcc thr cn, s.no opo 
:v t' w.t; r,,.~ ^(AcajZr rrc; d 	! : 1 c.'icro t c cO rC^COr 

,c;,t?e to locate the engine operating line on the co 	ocor .^rfo- 
r nCo rap. lnt^ ut cvcry ongtno ^pccd lino y a point c r bo r_.vI or 

corroponin; to the mot efficient oporatton of the cotrcmcorf 

F zc ng in vic, t' : thr potato arc not vcrr near the  th curco line, 
^cvc-24l trail Iothr .,., thci be joird Y a crnoti z: .rf øLnuc za 
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t 	o crb ch 1 iorci1y cc110d the 'etvj no opor^ ttnr, 2c' o z c 

' aterccctton rf thtr" lino uith cngiro spoeD1 itucs u1li cvo to 

rctww1 point o of oportitton of the c ,i xc et tho rccpcotii cpccdo 
der design conilitions, 	 1 

1t mr y be scan t .t for those open tin points the tur.  c~tar«» 

gor sped, the air consumption and the charm air prottcu rc orn be 

directly rocd frori this co,bined coipressorngtrto porfo nco mo 
The chc.rCinrj air tctpercituro can be easily ca1eulatoc o bccruzo tiro 

icontropic efficiency of the co arcs eor t.t th r so points is ? nc Yn 

from the Ian, 

,~ 	off" Cea 	c na 	~ ` ~ ; 	c 	1 ,a 	t 	►e 	volt 

there Is no scinica1 coui,lin:.1 of the engine ulth sitar the co 

prossor or the turbine, 2h is the co arosnor is driven directly 

£ o the turbtno uhioh cccozliahes the . rst Thndccital rolct 

ionihip for the co oscor*tbno co tnation, Lao 
comp?OorOr r, p. 	tU1)thC r.opm g 

uh ch when o2procsed in to 	al" the di cnctonlcoz pzr tors 
41 

(3,9) 

The second condition relates oath the i so flo, rough 

the cotrocsor anti tho turbine, The oaot relationship is 

co• rcrcar flair fi fuel wi a 	r )ino flo , 
In a c ono t' o racy of fuel b nt 1s too cs41 In co:.,iuua 

ut h the lartjcr• air quantities required. hr.- usual fuel air ratio 

vaL'ias from 0.45 1,0 zr ctotchtoctrio ratio uhich is taout  

0037s1 for gascitno and O,O3 4 - 04370 for diesel oiL 

5e the fuck. 21O T can safely be nc lcotcd uithout cny o r"01a* 
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ablo orror. Tho zoitfiod cquction norr bcco 

co a ^cor f10 = turbino f1oi, 
t~h c'1 ,uh c g sod In tc1 ) .' non. 'trc1W ional PnrmXtcrC 

_ 

Pit 	P~fi 	Tat 	 p~t 	(5.30) 

The third condition concovi Faith thr turbine ontmt iieh 

Last ctloast equal the uor y rcqu.iroc nt for the cozp s^or. 

Thus 

corpressor input 	turbine output 

i's4,0 C 1 Tat Tit) 	~,,,•Cp34CT3t -T4 t) 1 

or axprassod In the nondiutnsionc1 fovi 

Tit T~ 	T3 Tot Tit 

~11 	-f3t 
	

1t 	(5.11) 

I 

uhorc 	ts the rachanict 1 off icic cy of tho ;: ,co n i 

Is about C.90 per cent for a dircot dl, vo. 

The non.ditirn one . plot of the cornprosco r and tur ina 

c ractoriatics in torrc of the riass floe and both the ppctut o 

ratio and the tenporature ratio is of intcnstvo use In sati #'ding 

the above relationships* For any oporatinc point the no.►dicna. 

jowl quantities 	. and S P t are hn om. Pit and T,t boini the 
~ry 	 ~ 	it 	 y 	~y 	a 

doU cr conditions for the croprocsor cta be cr.lculatcd easil7. 

Also P t amyl T3 my be dotornincd from the cnuinc cycle analysis. 

Thia~ equation (5.9) gives the co rospondin vcluo of  - - and 
t 

equation (5010) that of' for the turb inr, :' it these ttio 

cooviinatcs the correspondii point on the turbine characteristic 

ii\p r- be locatcd9 so that (Tit T_ T4fi ) Is rend cat dircotlye Tit -T' 	 t 

	

_ _) is recd out f rot the co ros sor ci mete ±f t? o 	. r. . 



Thu If the equation (5 ii) t. caticftod, the operation of the 

eorubiration unit vi: l be -aticfactory. 

The procedure for rat inn dt cn sccI in thtr enptos 

been applied to an actual engine In the next chapter. 
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° 	' 	_ _ ► y 3Fq' ' 	~ 	iii 
r 

t_ 1 

a0  

h I'hc on ino s olca tod for convcrcioi into ' o;J pprcc,urc 

tUO.Churcd c,nr;inc i Vic ;,t te.ndrird  
vhio'i I's th ; ds 	(1) an 

foI »ss s 
futcd b.sh.p4 	*« 	150 at 1500 r.p.u. 
Cyltnc or bow 	•0 	340 

Strotic 1cn 'i 	6.0 in. 

Pt^toga cpccl 	1,476 ft./ -.n. 
Corprcz ioi rtio 	16 t i 
B Ak tor, P# 	40 	82 pot 

Tho engino I1 o tro tktaChLJlc Croat tr c 1i. ca hcL ?-~ 

fitted with tuo inlet and tuo c zcust vclvcs for cccI c r' i uucr, 
If C. fit. V, fuel pump mpp c8 c c1 t through duplrz chzngcovcr 
f ter, to lone stem G..A,V, injcotory plocod a~:nti.11 0-4z rho 
oi„inQcr head b tuccn the four valvao, The Aid. pulp cn 2 `.►v 

Lt114 t von t ongh Caa inz at tho drive cnt1 or the onji c. 
,are tcr 	: m cd an the cylin?or block io bolt drlvcn 

c1 ; ► ,cg c2^, fro cad of the o n oh, f t. 'ihn c no ho 

,70 V-+ail ctL tr? r tore, 

Th portorcncc onrvco obtained czporircntau1y fo tho 
ntnr11y a ptrr tcd t, adoo engine tire o! :o-rtn in Fig, 0.1. 

G62 	•r c 	c c 	"'T tax 	r~ .cap . a , : c,.. 

&:-rcpt v luc,' of one 'cylindor = } . . 

M 	161 c ima 



If .17 a nurbor of o ,;irio rcvo1ution por bin., i70 Itvo 

= 1500 
11 

.''iiw4 the quantity of fret a .r h ndltt b. r tho compressor 

Cs tsopt vo1uto of one oylindor ) (nuzbor of c r1indcs r cord by 

tho r OhD?COT) 2t (voriing StrOC pr x „n.)Z 

3 i 	 cprr, 

a r ~r~' rrrwrr~w~ 

12 12 it 12 	2 

0 420 1.'3 =  

Ac the ci , lnc t: t., be la~: :rcu': turb c wrgo g ict u 
ccuto a prcc"w c 1w'. to of 1.5 in orC~cr to obt3in tho '.' i a1 Llu 

poroibio output fro tbo cnnt': cv 
Thus rcforrtnr to Tablo 0.1 oZ L,ppcndir 11 for the rcprc^,- 

cntctivo sO ot3 of turboo rgcr cnufccturcd by •* :3 ,r .1 3cn 
Lt1. t,o got tho b;.sio etc of turbocharger t. 90 for  fo 	pccauro  

ratio of 1.5s1 and t'ie ftco at, CapaC9~t7 of 588 az., ff. per tth. 
Thc j, car, c*7t s i 	 f a'I (tc& jo 6.3 

(Appendi s II) are .. 
I e 	r~21_0. 	r x 	t 

Spccd - 3 ,O0O ?*Pon3* 
Io. t 	7.35 lb. per sq. in* 
Poi r.c: ibic tc v-orr~turc at turbt: inlet = 30C o^ 1112°P 

►poc 	,1000 r..p.c. 

►out 	10.3 lb* per sq. in. 
Perm n.tb10 fiomporaturo at turbine iniot = 050°C or 1202 '' P 
Ac the rorfor ncc ci1rQetrrjctloe of NoSo SO turbocharger 

vc ci not f v i1ab1o, thr. rrccUotion of rsa"tno per1orrnec it t~*.ic 



bvv+b crl .~ gci eo Wtn tton curl i rtr..}k b- rl nc9 7buc4cr, to il1uc•- 

i►ratr tht, proco rc',, ti., co'pvccor c d u btno c iactcristic 

cuitod for 1a;r prcccurc oporatton have arbitrarily been ..nptcd 

d tho typical not of oa1et1Ltton por? or- cd. 

6, 	 the on axc .:' t- be 

io r prey uro turbociiargc4 (protcuro ratio 1.5:1), tho c tz f nj. l 
co prcccar vlll be the correct ch ico, The p„rforrncc chczuctcr. 
bbtics of a coapreccor Witted in torc of o it n3i na1 prr• 
=tars are Civen i t. G.2. The dcsign.point of the curprc:nuor 
is located at A. The press me ratio corrocVaiin ; to the loci t, 
point is 1,4& and its cpccd i 2,000 r.p.n., The Grnign arm 

of the co prc^cor Ic 580 e.'.ft./n. unicr at p rix cend 

!'OU for the crt t .,+ 
ratrd speed = 1500 r.r!►-a. 

suopt volur of all the (3 cyltdera 	0.5r CU*ft. 

Thw' cccu .n- cfra1u trio efficiency of 100 the volutx  

of air required by the cninc uh+t operrti , at 1503 r.p.m. 
3.5 t 	D 420 cu.f t. / zd.n.In an ideal taco, all the t ►ito 

s iould Oporto at their dmign points sitancs .ac1y, Tit t (lor 
rated conditions 420 cu, ft, per tim. of air u$ . be ,w 4rcd by 
the cmino at a prccouro of 14.1 z 1.4 = 21. i psia thorn the 
standard value of the atmospheric prassurc 'OWE.: d it V? p3iu. 

tJit iccntropic covaprccc Eon, t ii t peraturo or a2i at 

co!Iprcosor Cnit, 	T 	

4 
= (46W,30) (1.485) 

= 532,80P abr, p trhoro 

t t poratAro of ction air tat ea Is GOP17o 
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Testing a co ressor tneutropic offictcrt~oy of 7Ci of tho 
dc:Aan point (Pip, 0.2), tro havo 

1"z —T, 0,78 {uhcrc U cubed pt 't t vafor:s 
Tza — T~ 

to id+ l.. care and 'a t to rctu.l;1 
one). 

2a 	1 	x#078 
5 5O2.5L3PO 

4073 

s 3000R. 

Thus if thi- cubrcrtpt I rcfcr to t,ir coiprcc or -nlct 

and 2 the comprocsor czit c,,.7nd tto ir, *JO l vo 

h1 vl 	hL Vl 

T, 	r2 
or 	V  kT V 

J Ti 

• _ 0 420 
14*7 	600 

0 Cu.f't. 	LJi 	 ( 
 

r  r o 

AA , tho cornpros or is dcSig cd for a rizi0 , fla i of 650 cud ft.* 

}Lt nin, under atmosfi cric conditio* q it ulil suit the rcqurowcntn 

of th engine fully* 

040 	ic~. 	:. cc . `x o o 1inc3 racy be plottcd by date n.. 

in the suction volut of the oompras of for c tfforcat p csuro 

ration and ont3ino opoatthg cpc. d s. 

do havo the sropt vole no of the engino 

= 0.53 cu.ft,. (for all the six cyl L.ndors ). 

This to l obviaaly be the voluc of air rcquircd by the aigIno 

every Sao rcvo' u lone. fctco Flo air required by tho cajno tThilo 



O o tin ct  

V a 0,& r i = 0,*23 TS cu.Pt,/ tn. 

AcDuuing iscntropic co!npresciont tho voluac of air at co. . 

CzasOD suction zy bo ct culatod# xhm 

cocrosor suction volu , V V(R) fa 

(t)/(Pt 

 
Q4) 
 Q't Pesicn 

if R = p cs urc ratio, tho 
V(R) 1.4 

0,281(1)1.4 

550 

T h€, calculation of tho values has been sho n in `ablo 
3,8.. 

The cngin, opccd linos have bc'n plotted on the ~n• .~ s ~ co>~ 
pc "o nee p in F. . 3.P.. A point Giving the iz th n ir'c° t ,pic 
e $iciency for the co rcoror A,s locttcd on each of thcf3c li1e fit, 

t iin account that tho point Ic for r'cr.ovod from the r c '.2'. 

A Goth curve o has bccr drain 3oinina theso points, rn c t -. Vkc 6 

an the wJro ca ,.. n 	4 Thus tho points aq bg c,, 42 and o 
rioter to the optics oporatin;! conditions of the cngino tthha n the 

latter is wing at 8O01000 12 00, 1400 and 164 r,pon. rozpm 

G,$o corprosror Cycle Amlgctrte After the points a0btcod and a 
------- - 

have bosh located, he values of preuro and t nporaturo at the 
conprossor dolivary and the spood of the co prossor can be oa.cuu 

laced an shorn in Table C.C. The delivery tosiporaturo will bo 

dotor.'. ird by the rcl ationahip 

CT t -- Tit)/T1 
Y--1 or Tit 	I f Pt Y 

Tit = (-F 11c LT/ 	 '] 

vhoro Y is the isentropic oftcincy of the eo vonror. 

Also the ruction v3lura of co avcrsor 



11." 

= GD:: 550 [(&Tk) 
/ 

(iit1) 	1 	c-:tj :. 

s.G. 	brr a 	s:z 	 A 	fire '„ 
itto.• Ttcro thr co'.'proor Lharaotertctic cu c i tvc &n 1 i-, 6.P. 

• 

hmv'o bccn rc*.plottcd in tom;; of ( Tat - T't on tho ordtn -to and rc . 
T~{ 

t vo taws floi on the abscissa,* It has been r one by tcdng a fru 

points on the rolativo constant off  efficiencyy ; u rc irncl calculating 
tho values of (T't — *'t ) a t those points. The ca culatLobco for T~ 

the rc i ppino arc given in Table 0..7 and tho ao ificd per of co 

twos shown in Pig. 0,,3. 

Fir,-„ 6.4 cad 0.5 gi o the n ~r rte, ~ns.t off. 

Ic.formnco charaotcristics of 4a turbine ccicctcd Lirbitz 'ill 

si .t: )lo for the prescurc range in this care. In order to 

t' %o turbine perforcnco, the tcriporatur ratios have bcc cticm. 

fated by the rrlationchip 	 Y~ 

	

r (t l 	 , 
dT 	T3 t T4 # _ 	L \ P4 t / — J 
T3~ ~T3t t 	

l
' 

	

P3-t•. 	Y ' i 

I.33 - i•o pot/ 

[ tTh.3 t1  

(X) I 33 

The calculations have been shown in Table 6.8 and the codified 

performanceporfomnanco curves in Fie, 0.6, 

6,8. 	&LAace Cvc3, The tngino cycle has boon cnairscd 

for an ideal cacoq are cb=n in F'ig* 6.7. Herr at point 60 bl i dotr 

ta1rco place, so thct the conditions .t the turbine ia-lot tr be 

be given by 3'. For dctrrsiiniir the valucs at 

4 the U ,o'i do' n Eaybr ascurd to take pluco adiabatically, Var'► 

tho *t ray be assu ed that the fuel..air ratio for the cups rchargod 

o cr tion in the 	an for the naturally aspirated co tnccrx the 
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C g o to tifl at the OC!G Cpce(. Thio c cui piton Ic at " l'I id 

In ;r4 ct .00, but it opprrzt1 tco to the cetuz1 opernttnC oo~iz s *: c r 
to quite + fair o cnt. The fuel for the ono my be tthcn to be 

.um d1 OG1 oil* the bcattn value oftthich I 18,000 D3., ,('T,,/Lb. 
The cor 	Ion ratio of the onCino it ac-'UM-4 to re .nun 
The v1oo of conotant p eed opecific I r t and t1 o ratio of ec 
clflc heat r. ,y, be taken ar fo .o''o s 

Pop oo 	^Oton 	 1 	1.4 

z heQtinC end ctpansIon 	+gyp# = 0,27 6; ' M 1.33 
Spa for 1oi prceuur. sbo .chrjcd c inc s ►f toreooling 

is not ego e, the prcocuro anil tcpoDaturo at the cngtno ouetioi 
y be raonb1y accuried► So the n• c at to cocccor cutlet, 

This cns that 

Tx t =.T 

The ca1eult1oi gIvi l, the values of preocu c clid tc 

mature  for the vamtom final pointc of thr ongtnc cycle aro  

hM in table 6*109 in which the vc1tic of fuol.ntm ratio hrwo 
bon taken fro Table 6.0. 

+ 	o : cr 	 1!o already dtccucsod In the  

previous lsptorq the conditions for the co: pros om and ttar tno 
combination are 

Tit 	N '3t 

Pit 	pit 

rhoro t = `Tb t , 	(6.1) 
T, t 

Pat_ 	 (662) 
P,t 

and 	~~ C T~ .~ — Tit) 	C?j 4(T3t--T4t) trIIOI'O c_ =c.=  0024 

.: 
	Cf

0,276 



Cy.6•a T1f T Tit C 1'~ 	 ~4 r Tit _ 	T't C P 	(G.3) 

3lrieo tho oondittoz. at the turb:Lnc cnt arc C1VC x. ' 
4',  is f r tr a Pit 0 Py' rnt3 Tat 	T4' • me a:.ch mica1 cffis .c Icy 

of3vv''-or for 1irc et drivo r ye be toicn as 9S, The calculcti.. 
OW) for tits cure arc she 	in ra,lo 6.11. 

it ry bo r ocn M t for oil oDoratin, con itions (J.tTit) 
 

Tit 

is ti11: c lcco than P. knca the coi binutio of eoprcccoi ci 'tu 

1 Inc t i11 tsor k ttcfactori1r, 

0.10 , , _ 	o , uc 	 For the O7o10 
4tc-a au c io n in "A * G,ip the tor done par c olog 

— 	 _ P- 	I. > + P3 y~ 	Py V c, — P, y, 	P, y, 
Y 

P3'v 	_)
Y-1 

0.4  
Pb, V1 (t - r) t- Vy ~alx - P4 ._ 

th crc K - 

aneo an ofccttvo poccurc, 

!* Q *  15v1 G5  t 	4 c•3 	 o'G 

i io brn1~o can affective pr cccurc my x fo'i 1 out fron 
the aba-io cproc lon by acsu!ir a mcc+at►nical cfi laic. cr a; O p 
cc:at i'o? : c cntino, The valucc of brake ran affoctivo proccuro  

have bcoo calculated in gar ,1c 0.12. 
Co l'± * 	c t.f 	j 	a ~i 	~^r 	,n.~3,na . Prrn the 
Imo. Trc ,:n offcctivo procauro, the brake barge—polo 1c been cal 
C icto i by the rolatto ii~ip. 

uhcrc '3J .E ''. is 

In 1b.fi i.2 and '1 i^ the cr ino r.pan, 



7.x.3 

Z "ter :i a l b `' ► 	'+ 	
vtiJ 	

~ r 6~r ► A 4 +Ii 

:i c voltro of cir hnn31cd b ( tha c ir-c ^ ror for dif2cpcnt 

opcvcting spCc 2 of the cnginc ctn be Dc.zd out fro n T cblo 63, The 

dom it r o air Lt cone csor !uetto tc Lnosn, Eso t o r tc of cis 

aoncirnto ulil be ciotcrztncd0 T7o or the i t ei air rt.tio end the 

bra ho ',i ► 	major of the engine booing knc:rn, the rpcc .Uic fuel c 

cutc cL-.wl ' ; c: "i crilutcd ca c 'zo n to :ublo G,1.:  

G41 .A 	;rr-P, q 	~7iJth The cum for ':en otf 

octivo 	o ho-mo-p3 1or and tha rpectfic fuci ct►nt:-- 

ocori have bcon 47lottcd In F.g. G. f -i ta)lco 3,12 end G*1 .7zc^o 

t b h. rgczi vo id, ''b ac zzl pc2orr,nco at th Cc3ine u► ei 

can be foin2 c or.tneitnlly tToultl be xc" ddiforont f the p c» 

ictcd pC OV n O. Thin 1i boon soin di u 	,Xoa l7 in Fic. ~. 3 
tThoro ri ,; a th tho predicted eurvoo the cxpo i ntU carrcu ('l) 

have rilco `uric;i plotted otdo b ► siio, 
It mfr be oboorvcd that the predicted  b.r. .p, carve d 

oo a.no the b,h,p. curve is zro drooping than the oiperizoitcl 
curvo. T myovort the 	ixaim value of the ben.c,p, to nearly the 
CaO in both the ccocc, Further the apectutc fuel c uipttoias 
pcdtoted to rather loss than the actual couptton. Al. th cc 

dovir: i o:=^ arc Cue to t to 1ollo iin roar s 
(1) Prim at ctxl.t t n' the j aorrnco of the Cn3 nc In the tu 

b lr~ rGp1 vorcicnp thr f icl-air ratio to accurxd to b ,vc the c xo  

value no in the urouro recd forao . ,its ceour atton is r t a cu 
valid in practice,  and in: greatly Eocpomtblo for , 'iolc ,ng a lozror 

valuo of tho bommo .pa a^ !:ell ac the beh,,p, of higher speoOc,~. 

(2) V?hc car to U potntc of the c-y tnc oybl have bcoa eAz,. 	r 
1 
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fated by ary a uZ an idea . c nzt: nt pres. urc cyc1c, im cn1 cy it 

cna7c @ ' 'cri r^ cri >1ly from t, c ideal C TCle nc gi c a 1mx r 
value of t4.N' powcr out {V, Th rrf.6v VY• for the 1oi(r w.ju s of the 

prod ctc . rpccLfie fuel con u Lion .-"y tic rc- Ul / attributc1 to 
th1s acute of ideU cycle and also to o a to t to ttic uacn. 
rn,tioi of constant fucl.air ratio i i both the cuperc!iargct1 c: *' rnsu 
perchargc1 cats. 

(3) 	The f io1 used  uscd 1y tht eninc ui vlcr tcst uy have a (lifforcnt 
heatinC value, 

! 	The v. lu trtc off ici ncy of thc 	ciargdthe 	enf,inc wy 
be 4iffo,czt fry ; the cseurt1 value of 100 p 	W 	n4= 

(1$) 	 •ho ezrn iY tons at thr en'Lno cuction rc not onc ly known. 

((3) 	The tocc of air pr=ccs urc in pactnC throu;' ? thh corItct.ng 
rtuctc h%*c no : been r.aen tn.t constIcrt tton. 	U t 

(7) 	The affect of rcctmunl r*acro up n axe cylinrier c :tr ;c +i=: 

been i .orcd, bcausc per^Cot 	of tw burnt ^rises i.'_ 

here are several of icr Factors also like thr throltlin at 

the va vcs, combustion 	cuuttc €nom cc, ,Aa.Ach h:~•vc 
no bee- c nsido ad uhilc cstim ..t n ; thr perfor-nice of the c ne. 

caparison of the curs for the turboehtrCcd en sic 

vci in 11'. 6,0 4th thr curves for nturcil1y a rt ra Lcd curie' :o°, M 

in ' ta* v*I it t y r seen that Curb hcrg In^ 1 _s resulted In the 

inercase o b. i.c w by about 4.5 per cot. Alto t e c i7, un 

tent in t: cpccif 16C fuel crncw ptlo ,ie  

The 	 ~a of hc ' f:r in, air p,-'c,s 	:nM tc y:r: .. c 

throcargor creed ant' the air c-ins-i-,,z-t of is also been czhbi rd in  

I'l.r; 0.0 plo;bed fr i the vzlucc calc,i1 t d i~, t is c 0, 3. 
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~ 1~► f r$ )_ _ ,.. ~' , , ^~a t ' 	~~* 	With the advent of 
the tie ;rokr ezgtncc, the inherent dtsavant aecs of Vu tour stroke 
cmgincs in repoot of to pocr outpnt and nmouniform torque ci1ruc.
toristic etc. were pat to light s, and upercha 1'1C s : - the solo alt 
or ivc :o a he it a Oound co ipotttor in the fiol(. W:c ntc~l ,-p r 

charging by` reciprocattn, 	presor Lrnd ]Roots blotrer :iae ink► :;rally 
applied, but the disoo tent sttUprevaticd clue to thtr uz rci3(ly : ize, 
b y efficiency and noisy operation,* Or 1n intore t in the ficlr, 

l toi, rOeUItCd in the dOVObOpnOnt of Vane and &-a tr Ouct't:, elcardo 
and a1eoa Co pro oors, The poutbiitty to conserve the hez.t of cz 
ust cool not long escape the attention of the engineers and gave 
birth to .rbc ch ..rgi.n . At over, otcgo there has boa o. ace t ruck 
eoi potition. betitoon ocehanteal supercharging and dust gar turbo' 
chcLrginr,, but the latter undoubtedly dominates In all App icL tionw 
except in the autootLve fie d. 

Fro f the extstiri statistical dot ►, an economic nininan  
has boon st c1- where the gains from turboch ring are offset y the 
use of a slightly larger naturally lly a pirated engine. Tier thr. -11e ca e 
in Vii. . cost rocks out to be less than the first Cost of the :.»rbo. 

chargers 2his size, though not as esoed accurately, io probably 

bcloiz 80 b.I2.pw But the use of engines of or lbor ,. izcs t C) cxt. 

cn the as coiprircd to their counterpart In larger cize5 th t t*,e 

lackof a&pta i .ity of tnrbo..chargiug to these engine n : : tent. 

iblo hnridicip, A arc coiprehcnsivc and sound lmo-ilcd ;c of ncr y... 

1!C pri.XX tp1rC lcc: L ►~► to thr ocononle cc ism of C17, 1 ci: zo ocnt•. 

rtfu al an 	ial f .o crrr* rcc ore ncy lead to their ccononic use 

in s r llor size  cam ; ncs,, Another serious hmdicap i•::' the for effic 



i=7 O.: a it1. tiirbin c tdth b3.ado hct,pht9 1cz3 r than 0,75 in, 

may p33ctb1j bo ovorco by tho u c oy xxa11 radial floe t, . 
Char o +s J _ 	 fi 	 it 	 ~i. 

High p 	ur turbocharging is bocotnh inc cs 1 1 . 

1a',, and co orcia1 on , aec oznp1oylnn a protsuro ratio of 2.2 dcvoo 

1opin b.rrvo,ps. of 220 «. 22..E lb, per, sq, in.arc in thr mr1tot,. 
Boost pocurcz of the order of SO IZI13o aft boin tried whic'i : i 
lnoroa-ro tho b,,n.o.p. by 100 to 120 por cant. Tho C1O1X O to 	+. 
attire inr; ac hffth a 170 to 2000p,  ultcrnt,.tivo coolih„ syntc 
arc bethr; tried„ The 	lor, the Bono and the 2ucht Dziplcz cyctc 

have already bcci put tortmrd, A stop to rds the officicrit CCc i~ 
of charge coolar mny also tko a vital contribution in the L cid., 

The meinO cr auwtp v ra rich In cnorgy, has aettcd to diwpc;►ie 

utth the ir~Oo ttnbincs of the convcnttional uohi turb Orirgi iz- 

by rendorlir possible thr uto of cy o offici nt reaction f.'u Tr-na 

t I.po to deercaco the 1oadi ; on thr f ic1 eq 1ppc it the eontin 2 :.l 
try'stcri~, the crccwlator infrcti©n :~yrtc=?, and thr rc rvc ►oprratcd 
ta, cotton ptp have alrccriy been in :rouecd, 
7..2. 	Irdt,of 	 On the bait) of Vic progroa 

do to rate it my )o ant telr,,- tcd that the dcvclo c t of hiCh 
Prams = euporcharging y probably take place o , the 11r±cs Indic 

ted In Ftgo 7.1. Part of the graph is bard upon the cistintj data 

up to prescuro ratios about 314  But with the ant tcijxitnd value of 

the 	nvn prcccurc attatnablo the n oton uo i probably z csct to 
rc to the r;ac turbine CyclO$ frith the djffcreneo that the er1iddor 

uol{d uor1i largely as a cos gearrator still cran1ehcft co 	llcd 

anti the parer told be thicn on a oorxon ehaf t frot both the ey1lr 

der and the turbine gcarcd to othcr. ►Ittb high cupereharrjo t'tc valve 

ovc^lcp y probably be €educod, u tch '-flll2 to eo e tcnt cd !oo 



the ocitc hazard, fl ac to high t po turcc produecd there c~7 
M.bly b a der or of slcztn ; of the rirgc uhich rag alco cam. foe 
zoi 	32,fication.. «r equato cooling utli be cr rondy as onticl. 

It is enpctcd that vit► further success in ocononic and 
ir2proved design of seal radial flcri turbo.ehargors, turbocharging 
my posiibly be cztcndcd up to engines of 80 h.p. 1-1wre coat be 
any doubt that turbocharging will soon occupy a unique po^ i ;ton in 
the auto tivo field as cell. 
7.3 	"be 	en hjo folic ing are the probaalc floldc 
for further uprt~► 
(1) 	n 	n tc,nor3ic dcrACn of ttirb -er cd 

cginc QDplO7in prcurc ratios grcatcr been 2.2, co that t co 

ri j also be coa rcic11y introduccd. The difflenities c e ntc cd in 

this rpcct have bccn the heavy inp +'po tc control gear for to 

ie1 Injection equip icntg otcpuz of piston rings duo to very high 
to, :peratures produced and a liDitution upon the tcnperaturo of tho 
cthau3t Casco entering thr r?lnc 
() Do i a of Off iCiont cystc-s of cooling of air charge.. The u e of 
coolant In the x ore of volatile ltquids with high latent heat tight 
possibly offer a bettor solutions. 
(3) 1)ovoioptiont of the design c itOria for stall radial floe turban• 
chargore. nfortunatcly, the aorodynai tc chhrgors uhon ceased don 
to ate ctccc required for onrjince rated under 100 h.p. have not 
sho*.m good officio :eye dhs dcvclop'cnt of ra(iai. flcu turbines IQ 
still itturc and. requires a thorough S.nvcstic;wttonboth theoretical 
and oz ,p Ic ta g regarding the iio u p'"u:nommo 

a it util help to t a!te turbocharging suite 10 for su 11  
sic engines  tt ui ritoiiottvo applications. 

(4) Povalopcnt os h? r h heatrestctnnt r--';tea. for' c. ttt ~i nc 



blades, ro th«t the limit fhigi prezurc cuperchat'gtng ixmosed 
by the 'i!;h czhaust tC aoDturot is -alvr4 off,*  

(6) Froi the results of Taylor (42) on thebasis of the czpertr► 

ent performed by him on a Lyco ne liquid.- led air'craf`t type 
cylinder$  it Is, oviderit thzLtat high altitudes the turbtnci►c.p. 
is tueh in excess of the corprecsor° xi.o,p., requirorint. This 

anc a : acrifice in the output in current turbo.cuporchargor :incs► 

t Uatt as. Iy suitably gcrinn the cnZiric rnd thhc tnxbine drafts, 
possibly greatcr output could be obtained, Thic requi4 rt cr 

czporivrntal vorificatione 

F 
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APM I1DIZ I 

Lot us consider A pipe contatnin ; at r at a peurOh, 
and tens t ~ 	Then the pOigatton and particle vo 1ocitt lbr 
a plain uavo of finite w p1itude at a rnvc point uhoro the p c 
CUro and dimity car h and 	spcctivo1yu utU be (Rote Pa 
nshau 1C30), 

tfliov c- 	the undiaturbcd c i volocity in the pipe 
and C and u a o tie prop ,yc ttc and particle volaeittct Fc r 
pcctt'voly. 

The particle vcloeit7 of a gaz colur fl (in Pt ,1) 

ovtn ri t) is fCro I eq' (2) 
U o 

and of CF rovtno, to the left 
—5ao 

ror points bo trcc i E and 3 (Fig. 2) 0 thr, 

city x'clGtive to c e .urn Jfl to 

i.,r 	—5a1 L~ )-I~ 

1 	 ° 

particle vt t 

~,~ 	ULi =Cio  ~0~ç0\ 3.

L
~► 

h  0but almo the erncUttonz  

rice io~-ntr,ptc in nature, tie hwvo 
I 

h► _ h° 	Of 
Y 	

~° 	h° lY 
 _ 

~o  

Y-I 



whore Y = 1*4 

i:~ccordju^ to 	it r LLw1 aoii a (43) , tho swuttion 
of t*cvcr oo ftni c a litutIc rivro the t'b olute velocity, 

Wt= w 1 -i w 
I 	I 	L1 
)i 

C \ho 	*/ 	/ 
I  ~ 

r 5°~°SC~-()T ] 
#  In c n tdarin r h , rciiion E3, i snd C13, tic (aC 4 

I 

=Sao L—•Z~ 
c! -~- l ,ho ~ +I 

t'.:1n- (3) e: vi 1(4), crc I got 

: br tttntir- the value of 	in 
I h~ i 

L çy (. )T  

-5 

 

a [() ()' j 
I ations (5) ur (6) ".ay be ozonc cd to cover the mi : 

:tton of en nu thci of finite mrp tw'e u vo*~4 

(3)  

(4)  

I 

•:c ct 

It 

Pius ' f the vii1ue^ of the 
for 	i ` T.c ; dcnt tuve be h, and i r, 

frri rn open or dose pipe cud be 

rrcurc an? prtic1c velocity 

and for i'tn rcflcctcd tavr 

h e air' Wr a tht:. net vn:.r.cs of 

a'a^o1 	 rtth1 velocity, wt A can point wj 

be (fT-,0 Ae 	I ;.-n? 11) 

Cho ()4~ 
z 1  I  r 

-- a° L ~ I -- (*1]  



APPS.}:7DtX 11 

' AILF Gal 

,app?a t u c Frc'4 41 capieiticD or ": lriz CL)ntth w flctins 

lnll 
to 

- " 	o ~4 r Cu 	.~c~ ,, tor va 	cur prCcur  

720 - 19153 075 - 1,<00 
103 1 9015 - 3.oG S 3D ].55 
2:c* 

 " 1 9C70 1O0 	2 27 

165 2,G2 2,G2O 1Z370 2073 2? 1 0- 3 v303 

i ry 	r 19 ?,O75 f 0 723 

'10O 41pIGO 09320 4872 - 7;1t 

Soo I► 791 -I .3.00 ► 

COO = 110100 •.1?o,250 

TAB G,2 
T,0U 00crtret 1* 5 a 1 Pecs cuic Ratio 

r 
0100 iS*200 SV23O & "130400 

1aic 11 CwTe;t73n 

card , P4Par, 1?VODO 130500 1190 0,000 

t 	30f: q0 Ina Sao 0100 5,0 590 

Crnt 	i)1c t 40t b 9°o 600 000 600 Goo 

3pccc 	ropc t3* 21,500 170000 L4,003 11,,000 

t 	1bo/to0 Ifl. i35 0,06 -Des 8~5 

ciY.10 	mf 	.at 050 C v 030 G0 



(IV) 

ADLE 63 
i0s0 5cricE; l#5s1 PrCS UIc Ratio 

RI 	flo 
t1azirwn Conti . 
rye 
Speed- epatio 	2,000 20,000 15,750 132000 10,500 3,2&) G, `O 

8000t lb*/sgoin0 7035 	735 	7035 	?-o35 	7635 	7035 735 

Par .s iblo 
► o . a o g G' 	600 	1300 	(300 	600 	600 	600 	coo 

t1 it (oan 
hour 12uit) 	 - 

Spcca -fi0poQ0 	27,000 22,500 18,000 

st 

 1G000 12000 792'0 

Doo 1b/cq$n4 103 103 it 6:3 1003 103 1403 10,03 

ro -iif: s '.h10 
t o l d o, 0o 	{ 0 	$54 	6 650 	680 	650 650 

?EGA 
IUOPO ro,ic 20:1 Ptossuio Ratio 

eta ►'or 

fl.P9 	110P0100 	UJ. 203 

Spocd. DQ POMO 32,590 500 21p500 

Boot 	lb 	Ono 14.? 147 147 

PCr Ice +.'11e t 4.tog°o 	Coo 	Goo 	GOO 

".' rin (ono hour ,xit) 
pcod  4,0130 3^~p800 280000 239000 

30ooi - tb0/3q oin 17O 17i *6 1? 8 

Parted blo t0i0t,-p°C 	650 	650 	650 

oto 7 L~,,>SLtt~7 = turbIn:' inlot 1ic::pOrLtur 
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