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12.1 Milodor ouEnonq oxrrog MEK

(d)

l.l \J '

SupcrcharginS and lurbocharginS configurations: (ol mcchanical suFrchargingi (b) turbocharginS; (c)

cnginc-drivcn comprcssor and lurbochargcr; (d) two-stagc turbocharginS; (e) turbocharging with

lurbocompoundilg; (/) turbocharg.r with intercoolcr' C Codprcssor, E Enginc' I Intcr_cooler, I
Turbinc.
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H Udvrorn ponrl nou Hnopei vo orioer 6voq KMnrnpoq oE ouYKeKpluaveg orpogiq'
nepropi(eror on6 rrlv nooor4ro xouoipou nou pnopei vo xoei UE lKovonolnrlKo Bo€p6
on66oonq Uioo orov xulv6po. Aur4 n noodTnro pe 14 oerpo rlq neptopi(erot on6 r4v
nooornTo oipo nou pnopei vo etoox€ei orov x0ltv6po oe Koge K0KIo.

Eov 6poq [nopei vo oupnleorei o slooYopevoq oipoq' rore n roxuq Pnxovnq 6e6opdvou

xupropo0 Unop8i vo ouEnoei onUowtKo (unepnlnpoon).

Mnopo0pe vo 6you;re UnxovtKn unepntrnporon (o oupnreor4q noipvet xivrlo4 ono ro
orpogoAogopo), n orpoBrtroijnepn)'rlpoon (o oupnreor4q noipvel Kvrlon on6 rouppnivo nou

exfaroueueioi Udpoq rnq Eveotrrlioq rou xouooepiou)' Ue 6rogopeq nopotrloydq -

ouv6uoopouq (turbocompounding), nou goivowol oro :X.12.1

Mro notr0 ev6rogdpouoo uieoEoq unepntrnpoonq, u6vo Yto Kvnrnpeq. diesel eivot 4

unepntrrlg,rorl nou erperd'|euerot io xuporo nieonq rnq e{oYurYnq, Ue on'eueeioq enoqn

rou'xouooepiou pe rov oipo elooytlynq oe xorvo poropo, nou pnopei vo noipvel Kivnon on6

rov orpogologopo, 4 xor vo eivot sle0gepoq (Comprex).

12.2 BoorKdq oy.oeq

To 1o OA yro Erepyooieq povrpqq ponq Hnop8i vo egopyoorei oe ivov oyxo etriyXou yuptt

ono Uro orpoBtlop4yovq xot vo 6tioet

(12.1)

Opi<ouue rnv evgotrnio ovoKonnq

a - w = ^l(, 
. t * n")..,- (^. t . *),")

xo06q xor pro otrrx4 nieon n nieon ovoKonnq

xor rnv olrxn esppoKpooio (yro r6ovrxo oiplo' oroeepo cJ

,":^ *l (2.21

,"=, *fr (12.s)

o": o(+)'"-" (12.41

Av qwoRooupe rn Uero600n Oepyor4rog (Urxpn eEuireprxn enlgovslo rnq orpoBlloUnXovRq

oa ouyxpro4 UE Tn pon po(oq nou 6toxtvei),

- W: 
^ho.."t 

- ho.h) (.12.5)

O roewponrxoq poopog on66oonq ploq orpopltropqyovqq opileror oe o0yrpton pe rrlv

owiororxn roewponixR 
- 
6repyooio: (ouunigon n exrovoon qwiorolxo Ylo oupnleorn n

orpoBrlo), xot irot ttote vo eivol prxporep4 rnq povo6oq, nX Vlo ouunleorn

": --ffi|ffiH# (12.6)

(ene€nVnon aro zX. 12.2)
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Enthalpy-cntropy diag.m for comp.c$rr. Inlct
itata 01, crit stalc 2i cquivalcnt ilcniropic com.
pr!.ror cxil 3t!ta 2&

IXnUo 12.2

enoUavoq

n yro orog8p6 co

Kor yro Tnv loewpontKn 6tepyooio 01 - 02s

onore noipvouPe

,n -4j"- lot
troz - hor

,--,=*tP
ro2 - ror

(12.7)

02.8)

(12.10)

*1tt, = it,co,troz _ r",t :r:fr![(ff)" "" _,] (r2.1r)

onou o deiKTnq ioeiyvet ouvonKeq etooYovnq.
ynopxouv BiBoro xor or ;r4yovrri{onr,rlereq, on6re 11 toy0q nou onotreitot ouvohro oivarot

ono rn oxdon

r.": n,(;rJ"

,-, :@"t:jl:r.J:: i' (12.s)

H eEoy0r\/R Tnq noponovo oxionq eyve pe Boon Tn olonnpn nopodoxn 6Tl n buvoplKR rieon

to^-p^) unopei uo ovorr40ei, npoypo nou 6ev ouptBoivet ouvrlOoq or4vnpo{4 (o oupnteor4q

*ollifiv't' ornv nogonln etooYLrvnq, onuowtxou ovKou), on6To o nopoKor6r oplou6q rou

Boeuou on66oonq eivol nlo peo.\|ortrog
Tu - To, (rz/Polltr- t)t' - |

4cts = i; roL

E6o eo npdnst vo ovogepopoore oe ohxn npoq ororlt(R on66oo4.

To dpyo nou 0o npinet vo 6o6ei oTo ouuflleorn Eiverot ono 14 oydon
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-Wca: - i

AwioTorxo vro rnv rouppnivo royuer n oxdon vro rov to8wponlKd BogU6 ono6oo4q
actual Dower outDutn-= ' ' (12.13)" rcversible power output

(12.121

(12.'t4)

(12.16)

(12.17)

(12.18)

on6re royuet

xor yro r6wrx6 xouooipto

(>y.12.3)

ho,- - ho.rttn : 
1to, -fi,*

,,"-:ffi:n#n (i2.15)

Enthalpy-cntropy diagram for a lurbinc. Inlat
state 0J. erit statc 4; equivalcnt iscnl.opic
turbinc cxit stala 4s.

>XnUq 12.3

BiBqro ornv npo{r1, ro co Tou Kcruoo8piou peroBoL ETol oe onuowlKo 9oepo Pe Tn

eeppoKpoolo.
EEoirioq rnq oduvopioq ovoxr4onq rnq 6uvoprxnq nieonq ornv i[o6o r4q roupltnivoq, eivol

xor e66 nr6 peohortxoq 6voq olrxoq npoq ororlK6 toawpontxoq Eoeuoq onodoonq

.- ho, - hon To, - To. 1 - (TolJTu)
hor-hn" Tot - Tn" | - (pJpor)tr-'v,

evd n rox0q nou nopoYet n rouppnivo biverot ono rn oxion

*r: rhJho, - hoo\ = m,co,,lTor - ToJ = mrco,,arnro"lt- (;:)*-ttl

onou o deiKTnq e unobnkivet tEtorrlreg Kouooepiou.
Kor e6rir €o npiner vo tr490ei unorp4 ivoq UnxcrvrKoq Bo€Poq onodoonq

- lu" : 'l^w'

E6dr 0o npdner vq onpetoeei oTl n ouYKplon TGJV XopctKrnplollK6v AElIoUpVioq oupnteortiv
xor orpoditrorv ;rnopei vo yiver povo pe poorl xorqMnln q6loororonoinon rov oxerlKGrv

psVeedv:
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rh,4,LTs:I@o.n,p0....,?il.r,, N, D, R, t, tt) (12.19)

Ms Boon rn 6toororrxn wotruo4, ot noponcrvo 8 ovefoprlreq UeToBtrnriq pnopEi vq
neproploro0v oE 4 q6tooroTouq op€po0q,:

^J^\+.o.!4.:r/_g.p".*,. a "\ (zn)
po.,oD' ' "' To,to- t \..,fi T"*' po.r,' ttD' ' )

O op€U6q Reynolds 6yet prxp4 eniEpooq ornv on66oon rou turbo' Kot n rrpn rou Y

efoproror ond Tn oooroon Tou ospiou. Enop'voq,Xouue rE^|Ko

nJnn^ " 
s" "/ wo &.=iitr','e;=/\vm' P"-/ (12'21)

fro 6vo ouyxexptp,vo turbo, onou ot 6tooroOelq 6ev UeTo9otr owot, ouvrl€i(eTot vo oiv8Tql

6vo 6toypo;.t1.to

*''*=(m'^^;) (12.221

6nlo6n n dtopgouivn pon Uo4oq, o toewpontxoq pogpoq on66oo4q xol rl o6loolqtn

uoToBotrn 
geppoxpooioq 6ro pioou 14q orpoprtropnxcwnq oov ouvopr4o4 rou troyou nl,oEov

xor rt,rv 6roieo4rwurv orporp6v. Eroi Bdgoro, yoverot ro o6toorcro rov oplgUdv, oQoU

Fvo4oupe 6[t^r rtq (yvtlor6Q Etoorooetg D, R.

12.3:uun|eoraq

Ern Unxovrxn unepnl4ptlo4 yp4otponoto0wor 60o rorrlyopieq, oupnteorutv:
* ouunreoriq OETtKo0 sKronioUoToq (:X.1 2.4'1 2.5)
+ euyoKewplKoi oupnteor6q (>X.12.6-12.7 -12.8'12.9)

Lysholm comprcsso.

(c)

(r)
(d)

:Xnpo 12.4

Positiv€displaccmentcomPrcssors:la,slidingvanccompressor:(D)rootsblower;(c)Lysholmcomprcssor;(d)scrcwcomprcsso'
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Pcaformanca lnap for sliding vrnc comprcssoa.

ImFller

Schcmatic of ccntaifuSal comprcssor.

>xnuo 12.6

0.06 0.08 0.t0

Air rnass no* rarc. kg/$

0.I2

FIGURE 6.12
Pcrformancc maD at standard inlct condiri.rs for toots blowcr

Enthalpy-entropy diagram for
through centrifugal compressor'
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With prswhirl

--- Wit roui prcwhi.l

Vdocity diagr.m. .t inlct (l).nd crit (2) to c.dtrifutal comF.ssor rotor or inpcllcr.

Schcmatic of cornpals3or opcaating map showi[g
stablc oFrating aangc.

:XnUo 12.8

3.O

2.8

2.6

2.4

2.2

2.O

1.8

t.6

1.4

t.2

t.0 o.o5 0.ro 0.15 0.20

Corr.rc/ mss flov .arc t.d, kg/s

Ccntrifugal comprdsor oparsting map.
Linca of constant corrcctad spccd and
comprcssor cllicicncy arc plottcd on a

graph of prcssure ratio against corrcctcd
me3s flow,

I
I
/ srrbtc

l,t.,

-l\ ,/

rul|ning

U||st|blc

2

,t6

u*s nor na *

txnUo 12.9
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12.4 >rpo9ilol

H roupUr|ivo go pnopoooe, orov t6ovtro x0xlo, vo ex;lero]l8urei Tnv evdpYslo nou goiverot

oro:X. 12.10, 6nAo6n:
'. To dpyo exrdvurorlq rou Kouooepiou rou xutriv6pou ond Tnv nieo4 ovoiyporoq rqq

golBidoq eEoYt^lYnq Uaxpt rnv oruooqorprxfl (enlgwelo abc) Kor (Vro 4xpovn pnxovn)
.. TO 6pyo nou yiveror ono To ipFotro roro r4v erronton Tov oepiurv nou nopipetvov

orov K0tuvdpo pETo rnv sKTovoon (entgovelo cdef)'

Constant-votumc cyclc pll diagram showing
availablc cxhaust cncrgy.

:Xnpo 12.10

O eppologopoq Klvnrnpqq sivol ono Tn QUon rou Uro pnxovn p4 p6vr;r4q, no^I6uevnq ponq'

or roup;:niveq pnopolv vo oyedroorouv 6rot tiorevo sKueTotri\e0owol ouTR Tnv notr\opev4

pon, o'ria reri6upyoov pe peyol0repo goouo oro6oonq uno ouv0nxeq povtp4q po4q'

lrnv npoEn, unopyouv 60o npooeyyioerq, orqv sKUerol\suon rnq sveolnioq rou Kouoo8piou

ono rnv roupUnivq:

(i) n orpoBtloLjne pnlnpoon oroeepnq nieonq (constant pressure turbocharging) '.6nou" 
U,o noUonrn itoVoVnq enopxtig Uevo^ou 6vxou onooBdvel rouq notrUouq nieonq

xor po4q Uo4oi, droie q rouppnivo vo letroupyai npoKTlKo oe povryrl pon' Me rnv

npobeVVdn 
-ourn 

6ev €KyeTolleudpoore Tnv uqnln xtvnrtxn evipyeto rov

KouooeoioJV.

(iD n oTpogrloLjnepnAnpoon pa no.\po0q (pulse turbocharging), onou xo0e xovolt

aEoVr,rVnq Evdvsrol U8 Kowo0q oolnvsq pe rrq eroo6ouq rnq rouppnivoq, drot 6ora
vd yiudtoi experotrtreuo4 rrlq xlvrlrrxnq evdpyeroq rov KouoqEpiuiv' H eni6poo4 rou

pa yOvrpo rnq ponq or4v nepinrt^lor1 our4 pnopai vo owloroeploroi qnd KoroMnln

buoEonoinon rov Kovollov' eEoYovnq rurv xutrivEpttv xot etoovoYn pe orogepn

6rogopo goonq ornv rouPpnivo.

P.|l = chatginS Pr.ssur€
pd = arnDlcnt prcssure
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Schcm.tic ofr.dial f,o* tu.bila

(a).. Enrhatpy_cnrropy diagram lo.
trr aadrat turbinc. (r) Vclocily diagrams

ar turbtnc rolo. inlct (2) and crit {l}.

:XnUq 12.11

:e sgopuoY,q, oe ouroxivnro ;1p4or;lonoto0wot roupyniveq oKTlvlKnq ponq (EX'12'1 1)'

:ro iXhuoiz.r2 goivarot 6vo{ yoprnq on66oo4q ;lroq rouppnivoq orrvtxrlq po4q'

2.2

2.O

1.8

I,6

I

t.2

rxnpo

0

12.12

1.5

no!'

Radial turbine p€rformancc map showing lines of constant correctcd spccd and emcicncy on a plot of
pressurc ralio versus corrccled mass flo$ mlc. To. = (urbinc inlct icmpcraturc (K), po3 : turbinc inlct
prcssurc (bar), p. = turbinc cxit prcssurc (bar), ,i = mass flow ratc llg/s), N - specd (.evlmin).



Jos

&
No..lc bhdcs

22-*
Roaor bl.dc3

Velocity diagramr rt cnrry (2) rtrd Gria (3) ro rxial ffow turbinc bhdc ring.

Schcmatic ofsingla-stagc erial f,ow tuabinc.

ca

n

Iyrtpo 12.13

Ie peyotrouq xvrlrnpeq (or6npobpopurv, ntroittv, orooepoog), yp4or;'ronoto0wol roupPniveq

oEovrxnq ponq (:X. 12.13).

lro !y. 12.14 goiveror dvoq yoprnq XopoKrnplorlKnq orpoBllotin8pnlnpoTn, 6nou Unopo0Ue
vo unipgdooupe rov owioioryo Xoprn rou xrvrlrrlpo xor vo etr6yfoupe 610l ro nooo Kotrn

sivot n npoooppovn rou unepnlnporn 08 Koee ouYKsKpluavn sgqpuoYn (turbocharger

matching).
3.4

3.0

2.E

2.6

2.4

Slcady-statc turbochaagcr oparating
lin6 plottcd as constant 4JAr lincs
on comprcsltoa map. Turbinc charac-
tcristics defincd by Fig l2.l?pu =
compr€ssor inlct prcasurc (ba.), po, =
@mprcssor crit prrisurc (bat), ?;r =
cohprcssoa inlct tcrnFraturc (K),
Tor - turbinc inlct tcmpcraturc (K),

'i = mass flow ratc (kg/s), N:6pccd
(rcvlmin).

&lE z.z

2.0

1.8

l-4

1.2

1.0
0 23456

P"t

EXRUo 12.14
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12.5 YnEpnktpcron pe K0psro nr6oeu4 (Comprex)

:To tX. 12.15 eneEnvouwot ot opx6q Aeuoupvioq rnq 8vo,\ oKrtKnq ournq relyoloYioq
unepnl4poorlq yro KvnTnpsq diesel, nou ov6nru{e n ElBeTtKn erotpeio ABB HeTo ono
6exoerieq eE6I6nq.

Schlmatic of Comprcx rulErchartcr. a EngiDq b
Lert whcct or rolor. c Bch drivc, d High.prcasurc
crhausl 8as (C-HP), € Hi8h-p..ssur. sir (A-Hp),/
Low-prcssurc ait (A-Lpl, g lrw.pr63urc €rhaust
8as (c-LP)

Unrolled vicw of the Comptcx paa3su(c-wavc

proclss. A Air, C Gas, S Scavcnging, HP High
prcssurq LP Loq, prcssurc; CP, EP, CP arc

pock€ts.

:XnUq 12.15 Comprex
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