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lkjka’k

bZa/ku ijek.kqdj.k dh xq.koÙkk] vkarfjd uksty çokg ls dkQh çHkkfor gksrh gS( fo'ks"k :i ls mPp ncko
batsD'ku fLFkfr;ksa ds rgr tks xqfgdk;u mRiUu djrh gSA xqfgdk;u cqycqys ds xBu dks fpf=r djuk uksty
ds NksVs vk;keksa ds dkj.k pqukSrhiw.kZ gS] tks çk;ksfxd v/;;u ds fy, –'; igqap dks çfrcaf/kr djrk gS] vkSj
tfVy] mrkj&p<+ko okys LFkkfud vkSj ykSfdd iSjkehVj tks la[;kRed e‚Mfyax dks tfVy cukrs gSaA[2]

xqfgdk;u O;ogkj dh Hkfo";ok.kh ds fy, lVhd la[;kRed e‚My vko';d gSaA bl v/;;u esa] ,d
csyukdkj uksty ds Hkhrj xqfgdk;u çokg dh tkap ds fy, dEI;wVs'kuy æo xfr'khyrk ¼CFD½ fo'ys"k.k
vk;ksftr fd;k x;k FkkA æo dk vk;ru ¼VOF½ eYVhQst e‚My] k    ,l,lVh ¼SST½ VcqZysal e‚My
vkSj T+okVZ&xsjcj&csyejh ¼ZGB½ xqfgdk;u e‚My ds lkFk la;qä :i ls fu;ksftr fd;k x;k FkkA 1 ls 4-
5 ckj rd ds batsD'ku ncko ds fy, fleqys'ku fd, x,A ok"i ek=k va'k ds vk/kkj ij ,d xq.kkRed rqyuk
us çk;ksfxd voyksduksa ds vuq:i rhu vyx&vyx xqfgdk;u pj.kksa & xqfgdk;u 'kq#vkr] fodkl vkSj
lqij&xqfgdk;u dh igpku dhA bZa/ku æO;eku çokg nj dk mi;ksx djds ek=kRed rqyuk us ç;ksxkRed MsVk
dh rqyuk esa CFD ifj.kkeksa esa FkksM+k vf/kd vuqeku fn[kk;kA bl folaxfr dks nwj djus ds fy,] uksty
vkmVysV ij ok"i va'k forj.k ds vk/kkj ij ,d {ks= lq/kkj dkjd çLrkfor fd;k x;k Fkk] ftlls CFD vkSj
ç;ksxkRed ifj.kkeksa ds chp fopyu dks 3% ds Hkhrj de fd;k tk ldsA v/;;u us vkxs Mhty bZa/ku vkSj
vif'k"V [kkuk idkus ds rsy&vk/kkfjr tSo&Mhty ds xqfgdk;u O;ogkj dk irk yxk;kA ifj.kkeksa ls irk
pyrk gS fd tSo&Mhty leku xqfgdk;u pj.kksa dks çnf'kZr djrk gS] gkykafd Mhty bZa/ku dh rqyuk esa FkksM+k
vf/kd batsD'ku ncko ijA [14]

Abstract

The quality of fuel atomization is significantly influenced by the internal nozzle flow, particularly
under high-pressure injection conditions that induce cavitation. Characterizing cavitation bubble
formation is challenging due to the tiny dimensions of the nozzle, which restrict visual access for
experimental studies, and the complex, fluctuating spatial and temporal parameters that complicate
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numerical modelling. Accurate numerical models are essential for predicting cavitation behaviour. In
this study, computational fluid dynamics (CFD) analysis was conducted to investigate cavitation
flow within a cylindrical nozzle. The Volume of Fluid (VOF) multiphase model, combined with the

k    SST turbulence model and the Zwart-Gerber-Belamri cavitation model, was employed.
Simulations were carried out for injection pressures ranging from 1 to 4.5 bar. A qualitative comparison,
based on vapor volume fraction, identified three distinct cavitation stages–cavitation inception,
development, and super-cavitation-consistent with experimental observations. Quantitative comparison
using fuel mass flow rate showed a slight overestimation in CFD results compared to experimental
data. To address this discrepancy, an area correction factor was proposed based on the vapor
fraction distribution at the nozzle outlet, reducing the deviation between CFD and experimental
results to within 3%. The study further explored the cavitation behaviour of diesel fuel and waste
cooking oil-based biodiesel. Results reveal that biodiesel exhibits similar cavitation stages, albeit at
slightly higher injection pressures compared to diesel fuel.

eq[; 'kCn% bZa/ku batsDVj uksty] xqfgdk;u] csyukdkj uksty] ohvks,Q] vif'k"V [kkuk idkus ds rsy
vk/kkfjr tSo&MhtyA

Keywords: Fuel injector nozzle, Cavitation, Cylindrical nozzle, VOF, Waste cooking oil based
bio-diesel.

ifjp;

gkbMªksMk;ufed xqfgdk;u rc gksrk gS tc ,d rjy esa ncko mlds ok"i ncko ls uhps fxj tkrk gS]
ftlls ok"i cqycqys dk fuekZ.k gksrk gSA ;g ?kVuk çokg osx] ncko fHkUurkvksa vkSj ç.kkyh dh T;kfefr tSls
dkjdksa ls çHkkfor gksrh gS [1]A cqycqys vkerkSj ij rjy esa ekStwn NksVs ukfHkd ds vklikl curs gSa] tSls fd
lrg [kqjnjkiu ds Hkhrj lw{e cqycqys ;k Qals gq, xSl {ks= [2]A

pwafd rjy ,d uksty ;k çfrca/k ds ek/;e ls cgrk gS] xqfgdk;u fofHkUu pj.kksa esa fodflr gks ldrk
gSA çkjaHk esa] çokg ,d xSj&xqfgdk;u voLFkk esa jgrk gS] ysfdu tSls&tSls ncko vkxs fxjrk gS] xqfgdk;u
dh 'kq#vkr gksrh gSA ;fn ifjfLFkfr;k¡ cqycqys dh of̀) dks c<+kok nsrh gSa] rks çokg ,slh ç.kkfy;ksa esa ifjofrZr
gks tkrk gS tSls fd xqfgdk;u of̀)] lqij xqfgdk;u] vkSj pje ekeyksa esa] gkbMªksfyd f¶yiA bu cqycqyksa dk
uhps dh vksj fxjuk LFkkuh;—r rjaxksa dks mRiUu dj ldrk gS] tsV dh fo'ks"krkvksa dks cnyrs gq, vkSj feJ.k
dks c<+kus esa enn dj ldrk gSA

gkykafd xqfgdk;u dks vDlj ,d gkfudkjd çHkko ds :i esa ns[kk tkrk gS] tks iai vkSj tgkt
ds isap tSls gkbMª‚fyd e'khujh esa lkexzh dk {k; vkSj lajpukRed FkdkoV dk dkj.k curk gS] ;g blds
ykHkdkjh vuqç;ksx Hkh gSaA mnkgj.k ds fy,] bZa/ku batsD'ku ç.kkyh esa] fu;af=r xqfgdk;u bZa/ku ds
ijek.kqdj.k esa lq/kkj dj ldrk gS] ftlls csgrj ngu n{krk vkSj de mRltZu gksrk gSA blds vykok]
xqfgdk;u }kjk mRiUu VcqZysal Lçs çn'kZu dks c<+k ldrk gS] tks tSo&Mhty tSls mPp fo"kkärk okys
bZa/kuksa ds fy, fo'ks"k :i ls mi;ksxh gS] ftUgsa vkerkSj ij [kjkc Lçs fo'ks"krkvksa ls çHkkfor fd;k tkrk
gSA

bZa/ku batsD'ku ls ijs] 'kks/kdrkZ xqfgdk;u ds u, vuqç;ksxksa] tSls fd ty mipkj] ik;klhdj.k] vkSj
ck;ksesfMdy çfØ;kvksa dh [kkst dj jgs gSaA ;s u, mi;ksx xqfgdk;u dh f}&Lo:irk dks ,d pqukSrh ds :i
esa vkSj bathfu;fjax esa uokpkj ds fy, ,d midj.k ds :i esa mtkxj djrs gSaA
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fp= 1% ukst+y ds O;kl esa ncko

la[;kRed e‚Mfyax vkSj leL;k dh ifjHkk"kk

lHkh fu;a=d lehdj.k dks O;kolkf;d dEI;wVs'kuy ¶ywM Mk;ukfeDl dksM ANSYS-Fluent dk
mi;ksx djds gy fd;k x;kA mi;ksx fd, x, rjy inkFkZ( ikuh] vif'k"V [kkuk idkus ds rsy vk/kkfjr
ck;ksMht+y vkSj Mht+y FksA rjy dks ml rjy vkSj blds ok"i ls ;qä ekuk x;k gSA eYVhQst e‚My VOF
dks eYVhQst çokg ds fy, mi;ksx fd;k tkrk gSA rwQku ds fy,] k    SST e‚My dk mi;ksx fd;k x;kA
uksty ds vanj xqá çokg ds fy, Zwart-Gerber-Belamri ¼ZGB½ e‚My dk mi;ksx fd;k x;kA

fu;a=d lehdj.k%

,dy&rjy e‚My esa] nks&pj.k çokg dk lapkyu æO;eku vkSj laosx ds laj{k.k lehdj.kksa ds ,d lsV
}kjk fd;k tkrk gS] tSlk fd uhps fn;k x;k gS%

j

j

(u )
0

t x

 
 

  (1)

i j ji i i
eff

j i j j i i

( u u ) u( u ) u u2

t x x x x x 3 x

        
                  

(2)

tgk¡ feJ.k dh ?kuRo vkSj ';kurk dks rjy pj.k ds vk;ru va'k ds vk/kkj ij x.kuk fd;k tkrk gSA
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pj.k dh fpifpikgV gSaA laosx lehdj.k esa çHkkoh fpifpikgV dks eff m t      ds :i esa O;ä fd;k tkrk

gS] tgka m  vk.kfod fpifpikgV gS vkSj t  v'kkar fpifpikgV gS ftls e‚My fd;k tkuk pkfg,A
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xqfgdk;u la[;k ¼CN½ dks lehdj.k ¼8½ ds }kjk ifjHkkf"kr fd;k tkrk gSA
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tgka] backP   ml LFkku dk ncko tgka rjy NksM+k tkrk gS] vapourP   rjy dk ok"ihdj.k ncko]  

rjy dk ?kuRo] V   rjy dh okLrfod xfrA

leL;k ifjHkk"kk

uksty T;kfefr ds fy,] Ansys Spaceclaim esa f}foe T;kfefr cukbZ xbZ gS] tks fp= 2 esa fn[kkbZ xbZ
gSA T;kfefr dks ç;ksx ds fy, mi;ksx fd, x, f=foe T;kfefr vØhfyd uksty ds lanHkZ esa cuk;k x;k gSA
'kh"kZ lrg rjy ds fy, fuos'k ds :i esa dk;Z djrh gSA ik'oZ lrgksa ds fy, dksbZ fLyi fLFkfr fu/kkZfjr dh
xbZ gSA uhps uksty {ks= gS] tgk¡ xqfgdk;u dh mEehn gSA lhek fLFkfr;k¡ ncko vk/kkfjr çnku dh xbZ gSaA
bl v/;;u esa mi;ksx fd, x, rjy ds xq.k rkfydk 1 esa mfYyf[kr gSaA
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fp= 2% uksty dk f}foe T;kfefr vkSj f=foe T;kfefr e‚My

rkfydk 1% bl v/;;u esa mi;ksx dh tkus okyh rjy dh fo'ks"krk,¡

ifj.kke vkSj ppkZ,¡

tkyh dk çHkko fo'ys"k.k ¼Mesh Sensitivity½

uksty dk O;kl 2-36 feeh vkSj yackbZ 19-32 feeh okyh T;kfefr f}foe T;kfefr gSA ifj.kkeksa ij tkyh
¼mesh½ lsy ¼cell½ la[;kvksa ds çHkko dks de djus ds fy, tkyh dk çHkko fo'ys"k.k fo'ys"k.k fd;k x;k
gSA pkj fofHkUu lsy la[;kvksa ds lkFk pkj tkyh cuk, x, gSaA rkfydk 2 esa pkjksa tkyh çdkjksa dh la[;k
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n'kkZbZ xbZ gSA lHkh pkj tkyh esa leku lhek fLFkfr;ksa ds lkFk MsVk fjd‚MZ fd;k x;k gSA iwjs fo'ys"k.k dks
rjy ds :i esa ikuh dk mi;ksx djds fd;k x;k gSA fuos'kh ncko 4-5 ckj xst ¼gauge½ ncko ij lsV fd;k
x;k gS vkSj fuxZe fLFkfr;k¡ ok;qeaMyh; fLFkfr;ksa ij gSaA uksty ds y – v{k  ¼y-axis½ ij ncko dks fp= 3
esa lHkh pkj tkyh ds fy, çnf'kZr fd;k x;k gSA uksty dh vk/kh yackbZ ij uksty ds x – v{k  ¼x-axis½ ij
ikuh ds ok"i dk vk;ru va'k fp= 4 esa çnf'kZr fd;k x;k gSA fp= 3 esa çnf'kZr vkys[k ls Li"V gS fd M

1

vkSj M
2
 ds ncko eku dkQh fHkUu gSa] tks n'kkZrk gS fd muds ikl tkyh dksf'kdkvksa dh la[;k vi;kZIr gS

vkSj blfy, vkxs ds lq/kkj dh vko';drk gSA blh çdkj] M
2
 vkSj M

3
 ds fy, çkIr ncko ekuksa esa Hkh cM+k

fopyu gSA M
3
 vkSj M

4
 esa ncko ekuksa esa fopyu NksVk gS] blfy, vkSj lq/kkj ifj.kkeksa dks çHkkfor ugha djsxkA

fp= 4 esa] uksty dh nhokjksa ds ikl M
1
 ds fy, Iy‚V ykbu esa varj gSA M

2
 vkSj M

3
 ds fy, eku nhokj dh

lrg ds ikl Li"V :i ls fHkUu gksrs gSaA blds vykok] M
3
 vkSj M

4
 esa Hkki ek=k va'k esa varj cgqr U;wure

gSA M
3
 vkSj M

4
 esa ls] iwjh v/;;u ds fy, es'k M

3
 dks pquk x;k gS D;ksafd blds fy, de x.kukRed le;

dh vko';drk gksrh gS vkSj çkIr ifj.kke lVhd gSaA

rkfydk 2% çR;sd tky esa rRoksa dh la[;k

Mesh No. of Elements 

M1 47,736 

M2 58,891 

M3 1,02,638 

M4 2,28,643 

 — M
1
 — M

2
 — M

3
 — M

4

fp= 3% y & v{k ds lkFk ncko cuke fLFkfr dk vkys[k
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M1 M2 M3 M4

fp= 4% ty ok"i ds ek=k va'k cuke x&v{k ds lkFk fLFkfr dk vkys[k

fofHkUu rjy inkFkksaZ esa xqfgdk;u çokg

ikuh] Mhty vkSj vif'k"V [kkuk idkus ds rsy vk/kkfjr  tSo&Mhty dk dk;Z'khy rjy ds :i esa fofHkUu
lhek fLFkfr;ksa ds rgr la[;kRed fleqys'ku fd, x,A lHkh x.kuk,¡ fLFkj voLFkk dh fLFkfr esa dh xbZaA ncko
forj.k] ok"i vk;ru vuqikr vkSj osx fn[kkrs gq, fp= fjd‚MZ fd, x,A ty] vif'k"V [kkuk idkus ds rsy
vk/kkfjr  tSo&Mhty vkSj Mhty ds vk;ru vuqikr fp=ksa esa xqfgdk;u dk fodkl Li"V gS] tSlk fd fp=
5] 6 vkSj 7 esa fn[kk;s x;s gSA ikuh ds fy,] xqfgdk;u dh 'kq#vkr 2 ckj ds fuos'kh ncko ij gksrh gS] vkSj
4-5 ckj ij lqij xqfgdk;u dk voyksdu gksrk gSA blh çdkj] WCO tSo&Mhty esa xqfgdk;u dh 'kq#vkr
2-6 ckj ij gksrh gS vkSj lqij xqfgdk;u 3-4 ckj ij gksrk gSA Mhty ds ekeys esa] xqfgdk;u 2-3 ckj ij 'kq:
gksrk gS] tks 3-8 ckj ij lqij xqfgdk;u dh vksj c<+rk gSA

fp= 5% ¼ck,a ls nk,a½ bulsI'ku] o`f) vkSj lqij xqfgdk;u ikuh ds fy,

fp= 6% ¼ck,a ls nk,a½ tSo&Mhty ds rjy ds :i esa bulsI'ku] o`f) vkSj lqijxqfgdk;uA
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fp= 7% ¼ck,a ls nk,a½ bulsI'ku] o`f) vkSj lqijxqfgdk;u ds fy, Mhty rjy ds :i esaA

ç;ksx ds lkFk rqyuk

vif'k"V [kkuk idkus ds rsy vk/kkfjr  tSo&Mhty ds fy, lqijxqfgdk;u vk—fr nsrk gS fd Mhty
ds eqdkcys leku ncko ij xqfgdk;u DykmM dh yackbZ NksVh gSA urhtru] vif'k"V [kkuk idkus ds rsy
vk/kkfjr  tSo&Mhty ds fy, Mhty ds leku xqfgdk;u DykmM dh yackbZ çkIr djus ds fy, mPp ço
batsD'ku ncko dh vko';drk gksrh gSA ;g O;ogkj vif'k"V [kkuk idkus ds rsy vk/kkfjr  tSo&Mhty ds
fy, de lar`Ir ok"i ncko vkSj mPp fpifpikgV ds dkj.k gksrk gS tks fd Mhty vkSj ikuh dh rqyuk esa gSA
fp= 8 lHkh rhu rjy inkFkksaZ ds fy, ncko] osx vkSj ok"i ek=k vuqikr dks n'kkZrk gSA ç;ksxkRed fp= ok"i
ek=k vuqikr vk—fr;ksa ds lkFk fn[kk, x, gSa] çkIr ifj.kke xq.kkRed :i ls leku gSaA

(a)

(b)
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(c)

fp= 8% ncko] osx] ok"i ek=k va'k vkSj (a) ty] (b) WCO tSo&Mhty vkSj (c) Mhty ds
fy, ç;ksxkRed fp=

ncko varj dk çHkko

tc çokg uksty ds ek/;e ls xqtjrk gS] rks HkwHkkx esa vpkud cnyko ds dkj.k çokg uksty ds fuos'k
ij nhokj ls vyx gks tkrk gS] ftlls çokg esa osuk d‚UVªSDVk mRiUu gksrh gSA ,d iqu% ifjlapj.k {ks= curk
gS tgk¡ ncko rjy ds Roj.k ds dkj.k ?kVrk gSA ncko larÌr ok"i ncko ls Hkh uhps fxj ldrk gS] ftlls
rjy vkaf'kd :i ls vius ok"i :i esa ifjofrZr gks tkrk gS vkSj cqycqys ;k ok"i xqgk mRiUu gksrh gSA tSls&tSls
batsD'ku dk ncko c<+rk gS] iqu% ifjlapj.k {ks= uksty ds fuxZe dh vksj vkSj QSyrk gSA fp= 9 esa] 2-6 ckj
ds fy, ncko çksQkby esa 0-016 ehVj vkSj 0-018 ehVj ds chp] uksty ds fuos'k ds ikl ,d fxjkoV ns[kh
tkrh gS] tgk¡ ncko vif'k"V [kkuk idkus ds rsy vk/kkfjr tSo&Mhty ds lar`Ir ok"i ncko ds FkksM+k uhps
fxj tkrk gSA bl fxjkoV dks iqu% ifjlapj.k {ks= ds xBu ds fy, ftEesnkj Bgjk;k tkrk gSA batsD'ku ncko
esa vkxs o`f) ds lkFk] iqu% ifjlapj.k {ks= QSyrk gS vkSj uksty ds fuxZe dh vksj c<+rk gS] tSlk fd 2-9 ckj]
3-4 ckj vkSj 5 ckj ds fy, ncko çksQkby esa Li"V gSA

fp= 9% uksty ds Å/okZ/kj dsUæ js[kk ds lkFk ncko
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(a)

 

(b)

fp= 10% (a) fuos'k ij osx] (b) fuxZe ij osx

tSls gh rjy rsth ls xfr djrk gS] ogk¡ xqfgdk ds Hkhrj ok"i mRiUu gksrh gS] tks rjy dksj dh rqyuk
esa vf/kd xfr ls cgrh gSA ;g ?kVuk fp= 10 (a) esa Li"V gS] tgk¡ nhokj ds fudV LFkku 0-0056&0-0058
ehVj vkSj 0-0076&0-0078 ehVj ds chp xfr ds LikbDl ns[ks tkrs gSaA uksty dsaæ ij ,d lacaf/kr xfr dh
deh gksrh gS] ftls rjy vif'k"V [kkuk idkus ds rsy vk/kkfjr  tSo&Mhty ds çokg ds fy, ftEesnkj Bgjk;k
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tkrk gSA uksty fuxZe ij] ok"i vc ekStwn ugha gS] ftlls ,d lkekU; xfr çksQkby curh gS] tSlk fd fp=
10 (b) esa fn[kk;k x;k gSA

fu"d"kZ

 CFD fleqys'ku us VOF eYVhQst e‚My] k    SST VcqZysUl e‚My] vkSj Zwart-Gerber-Belamri
xqfgdk;u e‚My dk mi;ksx djrs gq, xqfgdk;u O;ogkj dks çHkkoh <ax ls dSIpj fd;kA

 rhu xqfgdk;u pj.k&vkjaHk] fodkl] vkSj lqij&xqfgdk;u&igpkus x,] tks ç;ksxkRed ds lkFk esy
[kkrs gSaA

 v/;;u esa ik;k x;k fd ck;ksMhty Mhty bZa/ku ds leku xqfgdk;u O;ogkj çnf'kZr djrk gS ysfdu
leku xqfgdk;u pj.kksa rd igq¡pus ds fy, vf/kd bUtsD'ku ncko dh vko';drk gksrh gSA

 ;s fu"d"kZ xqfgdk;u e‚Mfyax dh lVhdrk dks c<+kus esa ;ksxnku djrs gSa] tks Mhty vkSj tSo&Mhty
vuqç;ksxksa esa bZa/ku bUtsD'ku dks ijek.kqdj.k djus ds fy, egRoiw.kZ gSA

vkHkkj

;g 'kks/k xqtjkr foKku ,oa çkS|ksfxdh ifj"kn ¼GUJCOST½&xka/khuxj] Hkkjr }kjk vuqeksfnr i= la[;k
GUJCOST/STI/2023-24/352 fnukad 25/04/2023 }kjk lefFkZr gSA

'kks/k i= esa ç;qä vaxzsth 'kCnksa dh lekukFkZd fgUnh 'kCnkoyh

Alphabetically sorted terminology in 
English 

o.kZekyk vuqØfer fgUnh 'kCnkoyh 
Atomization ijek.kqdj.k 
Cavitation xqfgdk;u 
Density ?kuRo 
Geometry T;kfefr 
Liquid rjy 
Pressure ncko 
Vapor Okk"i 

Waste Cooking Oil based Biodiesel 
vif'k"V [kkuk idkus ds rsy vk/kkfjr 
tSo&Mhty 
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