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o ABSTRACT

In this research, the properties of diesel fuel were improved by adding nanoparticles
and water, and then to evaluate the performance of the diesel engine and measure its
emissions. Zn nano at a rate of 0.9[ppm] was added to a diesel emulsion containing water
by volume of 0.225%. It was tested on an internal combustion engine running on diesel
fuel at three different speeds, (847,1650.2800)[rpm].

Viscosity, fuel consumption, and emissions of nitrogen oxides, carbon monoxide,
and hydrocarbons and mists were also measured for both diesel without additives and
emulsion with nano-zinc added. The addition of zinc nanoparticles resulted in an increase
in fuel consumption, and the emulsion saving rate was 14.29% at an engine speed of 847
[rom], It is the lowest speed of the engine used_, and it also showed a decrease in carbon
monoxide emissions at an engine speed of 847 [rpm] for the emulsion by 100%, while the
emulsion increased by 100%. The concentration of nitrogen oxides emissions with the
presence of nano-Zn for all velocities, and finally, the emulsion sample achieved a
decrease in haze compared to pure diesel.

Keywords: Diesel Engine, Diesel Fuel Emulsion, Zinc Nanoparticles, Diesel Engine
Emissions, Diesel Fuel Consumption.

* Lecturer, Faculty of Technical Engineering, Tartous University, Syria.
** Professor, Faculty of Technical Engineering, Tartous University, Syria.
***pPostgraduate Student, Faculty of Technical Engineering, Tartous University, Syria

Yol




Tartous University Journal.eng. Sciences Series Y« Y¥ (2)axall (V) alaall Lauvigh aslall @ (ughayla daals dlas

- 04

t4alla

Al aiyshal ¢ aise JSE ihal) elin¥ls Gsal) Coshill Ay alaa¥) olay ) clsdl b
e 4l giall Bl caie 3al Bylag Bl Ciliise e Saine IS Canall Sy (L) daay W) e
S opa else a8l Jan ) GlSaall e Aol bl s el elsedl Cushl dpui )l i)
sl dlarily Gl saly A D Gfiege Gfaal die Glad) Cebls oaall 1 s [1].d5a)
g5yl

b 36y ¢ S o ajes casisll Dlginl 85 S Jumdl (583 Jiall il jae apanal o5 ol die
Il ime e dandd L opial) S pmay Djlia T Ailieg ((COy) sl anl Sl i culilaly ¢ e
dmpe J Jpal oy slielys ca) Alsh dslall deall hagydy el hll e clleall B LAl
(NOX) Cimvg sl sl clilas) (8 (3l s g ol ST il hme iy el 285 (e JlaniD
[21[3] - cpid) me aa A3)laally el dll dyas e 300l (PM) Particulate Matter cilopuall

Dl e gshy lgie (Sl ozl anlall Sl i) il gl callud sae )
Gl (3 dlec s aggl) Lali Al sl G5aV) aa ol 0l ad Db else D) apan
Leias «lilag) 8 oSaill aadinss palall Jad e pua i 8lia saay DU allaly Lo Lghay o Jlal) (3l5aY)
s ading Cum s Jeu) 085l Qe Aipla el gin ey cpaiiund) 3850 3 Ot e (sl L
sl Jsill (S adles A Ganiy (AT Ase e Jaslie ¢y 03RS (grs8aY) 250 dsa o il Jsad
[4105] - deal) 8 e Ll Calaiasns cgsand) 358005 cadlimall Mgall o585l YA (o g Il A Sllin

Gl e el cehadl olafy cllaa) o oyl sl calativse Ay Bl 8 Sl 13 g
CRiAS Gn aang O (S AV Apapally saclgll Jlall aalS gl Calatie ad Al ALl saaed) cludyallg
Nl (g 8 At eI e Akl ) d8LaY L cehadll Jaad ) dslall 090 i)

Gl g anll Sa cpald) @IS Siag (6] ilimad) B ol Clatiis ageder alaa¥l Ty
Clatine ailiad ge W) b ) SLbal e vl 3 A3 Glald) dsea e Db« hainly ok
[4] by cndd) elaly ¢ hEaY)s cagdl)

) sl oY gy 13ay (BlaaY) Bl Aap pain 8 (D)) 2l Clatiin e Ll g Al
e A phall da i ) o lae Bhall e pud oWl Gty Cum o Jipal) 3585 e JE Olle Al
2ulS] (mliail pudi (e (A Bal e gl ) Bl QI 8 o) aaluy (3l ¢G3laY)
[4]. claisall 8 oLl 25mg 48 aabliy Al (OH) JaaSgpaell Hoaa 5850 50l s (mg il

O A BLEY) 5aa5 Ly cclapal) el (mid] Liad Jiaall 3585 calaions (e oLl 25a5 palin LS
Apual) AL Jlad da adl Jiaall Calafiose iy canly Cly 8 Clapally Cpms sl S Cilbilag) (ialids)
[7][8] 25851 Dlgind (miad ALY ccilapally Cpmg sanl) S lilas) oy
syl dsmsdl slall ) Al dleed Ao Gad ) GAN) Hlaall salh e el agagl il aal;

Oo O8O JlaeL Y1 aay il s daky Jial) ass of 6l eclatiuall Al ol g e Ll ady 3 cagdgl)
i cAlle Bl Ao ld @il A8je 8 laiuall 0585 () o Ledie Gl ddline olle 3)ha dans 41 palls o Ll

YoV


https://www.epa.gov/pm-pollution/particulate-matter-pm-basics

phall day I st 5l Jals el 3ha Aaps des o Saary claional I8 mhans ) el i
Ay Slia ) sl Baais clplaiily LelaSl il aadi L) (s3m Lea gl Ae il (555 Cany (gpual)
I daginy alal) e Gpaad ) g% Lee slsell Al il ST dalin (a3 of oS by cdaa
[9] . GlsiaY) 36 S o

Jie claiindl ae gLl Glassall mad 2 cOllaiad) o laghal & Al ekl Cailsa sas) (e
500 s B @l s J10] ey Gl asls o pnadV sl celaill cagpd) s
O oS gl ) Aglll laal) dala) of daall cluhall cuyelal Cua L clilanls B)iaYl (ailad
S (A a8l Joass sl slsall dsas aaloy Cums (bl duagilly cdphall 4kl (ailasd) Guay
[11][12] . Ja\Sl)

@y egmal) dpally dpall 385 e gie go Almall Asall 038 30 o5 (@AY ST e wal) Ay
[13][14] . cliln) (y50 golall 2585l A3 )lae lilanl] (i Dyl elaf 3 cpunil Gl

séuand) darfy ASiEa
ial) 2585 laisn 5F J3aall 3585 Ayl ilopnl gred gomse sk Sl Sl ¥y caluhyall QY
b oSl e sl e Mmd ) Jui e 35S0 Glldy clgy Sl Laa¥) a2 Lo legs danlgia il

e ol IS Aalall lalima) g hatul Jeay Lee Adad) Sla) (py Lad Lailiie il Lal) (e
Gk Jb B sl @l GliaY) (ailad pasdl dadll e ae ) dala aag Gl dain L (Sas

sl lagies aadaainl a6 duys dale axdieddl ladl)l Jpall 3y Aadinly Gl shal
sahall 038 (o33 agle s Bl iy Jiall e elaf el

L3l il ALy laieall agigl) Gailad Joaas ]

Sl el s -2

Jpall agdg axdin die Slila¥) 585 aa Leiijliay CO 5 NOx Il cble culilal 3855 A paas =3
.L;Abd\

salsag i) (3ilha

o2 b lsha) & Al clailly aclusad) <y clagatlly A5V Ssally Cappeill Joadll 138 Jsliy
o ) Ypay bl Jiall Ao ae dpal) dhae o lalialy i) A acaad (e fes dialal
L) by clbley)

YoA



Tartous University Journal.eng. Sciences Series ¥« YT (4)aaall (V) alaall dauvigh aglall @ (aghash dasls dlas

tChLaAY) B dasiiuall Aygilil) Glateal) cilie gadal

Bhiwadi—  ojyasy  laiuadl  ddlas 33S nanoZn  all el gl ladl 3
L) 222 jacais (99.9%) 55k <301019,Rajasthan, India(TITAN BIOTECH LTD)

saal Bl sty cI[liter] daw gyde A aladiuly A€0K0 (Dlatiul Ayl Clafiisall jpmad
lais des Dy Sliln) (5 Apaldl) Jial) Rl S .l Gulaial pall Y Jseasll 40[min]
da)) die pladiul (593 Dy Al LlaaY) &5 Dy o 0.9[ppm] Ay ddlias saleS @lijll ¢l gead Al 3l
Alaalls ccdaivaal) @l aaty oWl ol Ayl Cilasnall cungi 4yl ¢ yed) AU 3aa] 25[C°] ddasaa 3))a
cme ) Jemd 3gag Aaadle iy ol Al

rdagill (uld 2

4 (MYR) Rotational Viscometer Myr V1/V2 dasilll (uld Slea alaaiuly da il uld
e okl o Jail) Taae 21.3[C°T Bha ad ael (gllly hall dapd Slisas o3eat wis Vo) o ginall
s Dl Aasill Aed e Aliie Tl g3l ded culSs . 2[min] sad glal) Ang)l Ge da3lll a4l
12.5[%],25[mPa] a5 «lil)

reaal) B dpadl slaly colaiuwal) alie L3

Do e e culilia) (g Jhally sl HLESY Leaatind 5 ) cljeatl (1) JSE1 8 el
oo (847, 1650, 2800)[rpm] dlyaall cile pus &3 e 5] &5 4(2) JSall b gaaal Lleil) el

<O Ayl )JS-‘ s «20[C7] )AM” ‘DP ‘bﬁ; Aoy S 2 30[m|n] ‘Uﬁﬂ‘
|m|||: i “

HHHH!H Hm
\\m\mmmmmnnmﬂm

=l J»A e

lgdl) ol O diaa o cilial) JLEAY Lgaladia) ad ) ciligadl (1) Jeil

yoq



e ila caml il ¢ 3 il AUl culilatieall dlalall J jaal) S jaa elal o

ledl) ol I diaa (2) Jsall

1daadl ailad
-(24)[Dp] ssail) deUainy) Lol dgas sl apf
s oabis 355e SATS-N IRV
sl cble pevisale) daglatay 393 G A VSN W D PR P PR
Ayl BIES
.ZSD~424 Jysdll 4y (Ford a dlymall daiad) 4,80 .(847~4800)[rpm]
LZBlially galatl)

Os Jpally Adbiad) Claied) a@gll Gl deny M) Jiall dhae lilesly Dlgind sl &
38y JSa e Jpall dyme Glial A b lillliy slall (e JS 35n Al dpad) Cileju and clili)
bl g (b Lag eshl 0o o il il 4l st

taghl) lgind 1

cauldll Jpall Lue e (14.29%) dowiy Djdiasl D) yi & «874[rpm] ¢ias deju vie
2800[rpm] & yas 4oy vic s ((12.469%) dowis Dy DIaY) yé s )5S (1650[rpm] & as de yus i
Ol e S0 3585l Dlgind (3) S8 gy Dy ge Al 3.67% dusis Dy DlaN) b5 (05
g s (4) &l B edays (847, 1650, 2800)[rpm] ddiadll cile yull xie ([mi/hr] 3aals: <Dy,Dy
Do g 4)Eal Dy G 258501 DLgn

Aada) chlaed dasdl Gally (Jlady) il sae juall cu Dy duall D! g dsa
Se il il D G 3laaY1 Bl saly b el Jally il 25 ce gl gl Daily

Y



Tartous University Journal.eng. Sciences Series Y« Y¥ (2)axall (V) alaall Lauvigh aslall @ (ughayla daals dlas

Pl Gland b il Bliial i Ml caaall o o) dalue dui 3aly by GBlaaY) Has Jal il
L15] 485 el Al e (365 Aaill o385 L ale

298 511 Mgt Jakadia Mgy a8 g Jaladia
230 m D1
210 ——D0 /*
sa: /
] 138 —#-D1 e 1 ~y 12.46
9 150 /7 '3»
3 130 %X
= 110 //i X
£ 90 S -
= 70 {/
50 ' ' ' ' ! Vie.

500 1000 1500 2000 2500 3000

[rpm] sl de [rpm] &aall de pu

sie ([mi/hr] 5aals; « Do, Dy (il (e JS1 5Bl lgiad (3) JS& Laaly Dy J aghgll lgiad b gl Jldia (4) JSE
(847, 1650, 2800)[rpm] Adlidall cile ) Agmape Al Wylgie) a3 1) Dy aa

tOsuSl st Jof clblag) _2

cilae Eua 2800[rpm] dejus die (33.33%) dasty Dy Aiall (553)<U 20l Jof bl 2laj) ot
Gun ((100%) dawsy Dy 3 (847[rpm] @lias Aoy vie Clilenl) (alias) Laadl laiy .0.04[%] b
Do, Dy e IS e Al (s Sl 2l ol el o (5) JS) 3 el 0 [%] A e

el alled ST oLl Ll ()6 Aidad) cileyudl 8 4l cdilad) dejull 8 CO A (alidsl asey
Age dkie oLt el Q6 ) 535 Lee (V) e RS S il e 53y cAdlad) Cilesudl ae
L) Slaal) G 3 3l syaa Jals 50uSY) cDleld jaad G Sl il e Jalis SIS gl
slse)l e 3gil Lald dayy rend e Jasy Las ¢ Slasl el Jalis (pe 335 5508 dpntans (uedl dalise L
Aphall Zadll 3 38l S s Dllall dejudl die LY 80l i (S - JelSD) GlaY) ) s
Y 3 dadine Jalsall oda (IOl e zall AaleaYl ganall ofls oLl 2smy e il M)y L daidid)
csoS) st O clilegl 3053 ) 5% 1385 coaall Jagd o181 CO, ) CO (e ALelS 50l Cgany rans

colally il (Ol 5y ol Aol el 3 4y clldy ([16] ad) dpmayall Ayl po il onjlai
U e Yoy il sl il dilea) S

ARy



e o GEld Al il o 4 i) AUal) calilatiuall dlalad) J il GlS jaa gl Al

COO 5 A s gl cbilessf Jakadia

0.045
0.04 —===D0
0.035 -
0.03

0.025 //'
0.02 ‘/, //'
oots /S

0.01 ‘/,
Q605 A‘/:/

o

500 1000 1500 2000 2500 3000
[rpm] sl de

[%] COwlila) dpud

(847, 1650, 4ausal) ciloyud) v dygia danis Dy, Dy e JSI CO (5080 2] J gl cila) gridagy (5) Jsaad)
.2800)[rpm]

reilign S gted) il 3

aniy 10[%] 4w 2800[rpM] s deju die tef Dy duall Jlof dad HC culilaw) cujelil
Lmsdid) Gileyud) vie Lo 43[%] ey (1650[rpm] ddavsiall depd) vie clilan¥) dondy 32k ol
Glag) (6) AV jekis WDy pe Anliadly Dy dnell GlegV) ad 3 (alids) HC clbilen) <ol
.(847, 1650, 2800)[rpm] datisall cileyull xie ([ppm] aalss Do, Dy psiial) (e JSI iligy S g 0l

o oS s 33yl mlanL Lalabaal ST gl 5K dlall culeyud) die 4l Aagil) oda i (Kay
o om LIS (5% Lo olselly a5l IR elad by Al elad ) olall sl oY) 4salSl g )hal) (5258
O Y)Y o eV s o (Sa s W) O e a2 e Al e CiligSs puell R (e
Taaal) Aol e gl 38155 L g puel) el Glet Lad T ST 8 Al 4udSl glal)
[16] a3,

HC <l g2 S g o) Clasdl Jabada

I
S

[any
N

[uny
o

0o

(o))

N

N
|

700 1200 1700 2200 2700
[rpm] &l de

[ppm] HC <l 58 5 agd) &ilayi) asd

-(847, 1650, 2800)[rpm] Adlidal) cileydl sie ([ppm] 8aalss ¢ Dy, Dy e JS ciliga S g ugd) Silail (6) Jsid)

11y



Tartous University Journal.eng. Sciences Series Y« Y¥ (2)axall (V) alaall Lauvigh aslall @ (ughayla daals dlas

topag Al als] el 4

ks il G B a8 3 )l a3 (847, 1650, 2800)[rpm] dikiadl ciled) xie
S ) 533 oLl 35a ([PPM] 33al5s Dy, Dy gpisall (g0 JUNOY (g sl sl o) (7) J< 3
Al 4 L) o (AN i) sty BLEAY) B dad Gamliad) Laas o sm 1385 ¢ g il aanlS]
(BlEaY) e phall dapn pRid ) s b Hhall e s elal) (e G o Jiaal) 355 e BB olile
el el agag 4 aalun 3 (OH) JdauSned) sda 5855 80L) o I

NOX ¢ sl s culilayi) Jalada

peb

(o]
(o]

1) dalST ilila)

X

[ppm]
o 00
N

700 1200 1700 2200 2700 3200
[rpm] &aall 4
ASBS) clesudl sis [ppm] saalg Dy, Dy (e JSNOy a5l asalsl dila) (7) Joi)

t oSl s B _S5
lia¥) b s Al Sl a8 bl 30l il cundl g (g)5iaY) @) Gyl
GsoSl sl B clilas) Gaje L el el lags oSl sl 6 @S Gl e gy gal)
4[%] Ay Dy Auell 2800[rpm] dcyud) die ¢spS) asl b clbileg) (i L (8) JSall i (CO,)
Ao sl sl Jf clilen) Glaa e oSl 2l B 585 06 Lesale Dy Al a4l

c0spS 2l Ul llasl b 3all) e 3l Dy Ausall (mUa) 1368 (JalKl) pe ()5

V1Y



e ila caml il ¢ 3 il AUl culilatieall dlalall J jaal) S jaa elal o

O3 SN Spasf A clilay) Jaladia
2.8
26 ﬁ
2.4
2.2 14?,

2

pd

=0—D0

==D1
1.8

[%] co2<utay)

1.6

of

700 1200 1700 2200 2700 3200
[rpm] duaad) de pu

1.4

(847, 1650, Aatial) cleyul) sic ([ppm] saalss « Dy, Dy (e Js CO, (9,80 Ll AU &l (8) Jeddf
-2800)[rpm]

-

tdubuall _ 6
O Alas (9) JSA muasyy 21% Aty Dy Aislly 43)aally Dy Aisll dpluzall 8 Galissl Laadl
pals ) ) Canmss Aol alisl (ghay o (Sa -2800[rpM] depus i Dy, Dy e daslill dyluall
(B Al 0S5 QI Aaing colsglly JDAY) (uags 35l SRS eSS 33 AU GEN lad)
Al S (gsina S s OH 1Sy nell i 5858 B3l pabin 53 slal) 35ay 3l sl
o i) sy LAplual)l s (B S Galiadl ) gagey deadl 0SS JalSH BlaY) e L)
J17] &85 dgmayall Al

-

Ay

mDO mD1
19

YA«
[rpm] &aall ds

-(2800)[rpm] ds ) die gl a3 Eua « Dy, Dy (e JS8 Aglaaal) (9) Jsid)

Y1¢



Tartous University Journal.eng. Sciences Series Y« Y¥ (2)axall (V) alaall Lauvigh aslall @ (ughayla daals dlas

rla ity

Glasn 4 Gliad) Jpall il padind (e sl @had) bty olal au@il Clatl elya) ey
A ) e Jpeandl 25 cdilial 5 Jpal e 45ilias Ayl i)

hsale JS& a8l dagyl o dipll gl Glapuay elall 2y Jis ol )

e deju e Al Jhall AL (14.29%) Zusty Dy dual a@d) oBloul dg X
.847[rpm]

.1650[rpm] &yas e jus 2ic Dy A3l (33.3%) s sS) ash Ul cbilagl s0lyy ¥

Cus <100% 4wy Dy 3 847[rpm] &iae deju e 5SSl Jf clilagl aas ¢
0[%] i akac]
dawiy 1650[rPM] Aanisiall depull vie Dy Aiall lisSo el i) dau 3ol ol o

.43[%]

+(21%) sy Dy Aaally 4ylaally Dy Aagell Aylacall & (alass) %
tila il

sl il Claps e el (Glepa) o Auhy A ansilly pag

Lol 35y o Ales Ay chals puasi

GliaY) Gl e o Al clilad) oo clisiedl aladiul g dplaidl g shal as
AERRY

Vo



tAgalal) aafal)

[1] Li T, et al. Environmental emissions and energy consumptions assessment of
a diesel engine from the life cycle perspective. J Clean Prod 2013;53:7-12.

[2] Mohd FO, Green fuel as alternative fuel for diesel engine: a review. Renew
Sustain Energy Rev 2017;80:694—709.

[3] SalSeall duxigll A4S () 58 daala (J oY) £ 3ol AR () 5aY) CAS e ¢ 5008 3 grase i a0
24901398 gl <l

[4] Agus Sartomo et al. Recent progress on mixing technology for water-emulsion
fuel: A review. Energy Conversion and Management 2020.

[5] S 0oy daala ¢ AGN g3l ARIA () 5aY) ClSjaa e Cajle 4 a0 — Cagyma liae a0
208 Al Sl 5 ASulSal) Annig)

[6] Law CK. A model for the combustion of oil/water emulsion droplets.
Combust Sci Technol 1977;17:29-38.

[7] Deepti Khatri, Rahul Goyal. Performance, emission and combustion
characteristics of water diesel emulsified fuel for diesel engine: A review. Materials
Today: Proceedings (2020).

[8] R. Kumarasubramanian, Performance and emission characteristics of nano
emulsion biodiesel by using pork fat oil, Materials Today: Proceedings. 2021.

[9] Ahmad Muhsin bin Ithnin et al, An overview of utilizing water-in-diesel
emulsion fuel in diesel engine and its potential, Malaysia-Japan International Institute of
Technology, UniversitiTeknologi Malaysia (UTM), (2014)

[10] M. Norhafana, The effects of nano-additives on exhaust emissions and
toxicity on mankind, Materials Today: Proceedings,13December2019.

[11] Chen, A.F et al, Combustion characteristics, engine performances and
emissions of a diesel engine using nanoparticle-diesel fuel blends with aluminium
oxide, carbon nanotubes and silicon oxide. Energy Convers. Manage. 2018. 171, 461—
477.

[12] Manigandan, S., et al. Effect of nanoparticles and hydrogen on combustion
performance and exhaust emission of corn blended biodiesel in compression ignition
engine with advanced timing. Hydrogen Energy 45 (4), 2020.

[13] M.S. Gad, S. Jayaraj, A comparative study on the effect of nano-additives on
the performance and emissions of a diesel engine run on Jatropha biodiesel, Fuel 267,
(2020), 117168

[14] J. Senthilkumar, Impact of nano additives in constant speed diesel engine by
using biodiesel blends as a fuel, Materials Today: Proceedings, 2021.

[15] A.K. Hasannuddina Nano-additives incorporated water in diesel emulsion
fuel: Fuel properties, performance and emission characteristics assessment, Energy
Conversion and Management 169 (2018).

[16] Hayder A. Dhahada, The impact of adding nano-Al203 and nano-ZnO to
Iraqi diesel fuel in terms of compression ignition engines' performance and emitted
pollutants, Thermal Science and Engineering Progress 18 (2020) 100535.

[17] Harsh Kapadia, Investigation of emulsion and effect on emission in Cl engine
by using diesel and bio-diesel fuel: A review, Egyptian Journal of Petroleum, VVolume 28,
Issue 4, December 2019, Pages 323-337.

AR


https://www.sciencedirect.com/journal/egyptian-journal-of-petroleum
https://www.sciencedirect.com/journal/egyptian-journal-of-petroleum/vol/28/issue/4
https://www.sciencedirect.com/journal/egyptian-journal-of-petroleum/vol/28/issue/4

