Bl g Co g eyl - cale 4 i

WAV Sl ooyl o lod (o3l Jlo A g
Ol @l yia! cpaasil

Cdl b Cabld p Jpogm-Jms & gm balio il ooliswl 1l (o 2 anlllas
S255 52 Wgo 3 5 od Al &>

Slgeuol yuol
omidvar@sutech.ac.ir 3,0 «l,s  srio ol Kasls «SLlSe pwiige «)letils
QVIFIV oy AVIEIVA wolDol oy 5T bl o AVIYIYA w2dl o & )6)

SIS S s 3 59551 Gyb 5l S g Gl Sl el 55 s BB e o laygise o teunSy
»° b )‘;\f )"‘ BIBT Y j‘ GJL‘)L‘ ‘:’)‘)"> Q‘J"#" x "“‘5"(5“ ) LSL“‘.."“’B*“ )“ oolaz| Sy s il BT
Lty i gur bglies 10 Jiogm doye Lialidl a5 canl oad 0T conds e 5)50 opl ;0 (Fibas &5 iniow
L Upogm doyo O bolse 5 (alle Jpnogn s gw L (553 Guiod 10w oo oS | &l il
e, Vel S Gladoglxe 5l oolaiwl basluslewl o YW oS Conl (Jlo jo cpl sl 00l gy (Jeeme S0
o> 2o, Ve g Vo Ve lano o b Jpose slabglis 5l oslinnl 135G jols allie j8 .ol ot drogs Jpoem
SepSlge i Dbl ailebe S SeSay S5 G Wge S (5SS i 9 59551 51 Ol 28l ey
Q)‘)} u.eL\)L\ QKA‘ » J).n)y.) )..q‘l.: as ols QLM..: G‘L"’ sl 00 MLE.A G]w J).n) WB.M: l; 9 P 4\.]5)[.0&’
S5 Sy )0 Yo U Jposm somx> auoy0 Gli8l b aS (g sbay w)la piels sl &g, SO jsige
Al asles Oyl cdl b Jewdly (olS dely Co g bolte 10 500 maes i Giali8l il oo siuli8l ol
Olis G yiSlge 5 Jg5le SO L oadplonil om0 gl il edwlive B20 bglxe (sl o)l > bl Jowdly o yiion
VWY B Jgsle 50 jlaw 5ty wilgs so j9590 5b limeds ainy Joore J50 4 Cond B20 bogloes 31 oolasul a5 ols

Qo0 ol o3 YO U 1y o1 51 g,5 ()lg didon 5 ooy
S ySlge 3 e ol 28l o 10 lgands

doddo
2 5 5551 e B Bk 5l g 3l 5l el 65515 s HE e S0 slaygise 50 Ygene
slaygige ;0 59551 (29> SajlS SISl CBLb gadge (Judo mends 0gb o0 A H5ige 0aiS SIS s Ly
(shrmacis srosn¥l gl (LalS sl 5l e 5 Coge Spas 1l L5l e (s slaygise oasas (]
Ol dhox o1 5145 05l 929 59351 (25 slojl8 5l C8ll sl soaxie sl by, sl Sopenl Pl s
59551 SIS 223k 5 K ylag st waile; & slaysign o SIS ol (Ul 45 2 oS iSUlga 3 (slanlge 3l osliial &
&S Gogba wirmly S Slse s slawge 5 SEI gl (eSSl IS slats 5l eslanal o cal 3 [V ]88 o L2
83k 9y p EeBS e 5 55 Vo N) Jlo po el oud planil anee cnl )3 (egiie OlidnS 5 3l WL
o bl 2 bawgte sles b &)l C8L 5L e G ags S S0 o g 55551 (2o sbasl 5l ol
Syl 2bsb 6l e ey s (esl, JSew 5l oslitul a5 wisls olas bagT [Y]wsls bl S sl S,
Wy g Joe Conys (b b aS cul o1 51 Sl YoOY Jlo j0 e 5 6,b dawgs oadpbl sly oy Consl

1. Organic Rankine cycle

Y4



gasal el

8bsk oyl Jlade el oo eSSl IS Ho S gl Jele Jlow Gl cpizmen 9 Oyl > 3L 5L (gl caband F S
W Cams Sye o ,Shes Sl (5lge o oue 5 soliiwl a5 wisls lis oyl cpisen [Y]ols ol 1) 56551 5
le,ygige o Oyl Cilish gl was SOl gl WSSl IS SO YVY e o L g o il (6w sl Jouse
2o, VA Sl oo ez ax ST (ooloiian (nuSSl, JSw 0 a8 wisls las gyl [Flass S &)l 8w Jpo
sadge Cola 5)5kd S8 i b oy rhae Sl slaygise 10 Oyl bl gy cn il Oy booe b (S,
sloalge 5l ooliiwl i) ;o (slod ynS Slidss dadlge (pl Cod L2alS 5 005l comd ial38l ] e g S Slge
G9y g stz Feo N Jls o e 5 S cel @3S IS8 B3 s Sl jo ol cdlsh ol S pSUlge
=9 slE sl as wisls ylis eyl [0]wssls a8l)) G piSUlge 5 slaadge lawgs o (sl )l 8L 5L
Jns cayo b o e 5m bl (So S 6550 SlashS VBV lgiige 5aSlen jeboar o5 il 4250 YO+ sles |
L o iSlge 5 slaalge Blbl slas 0,5 5 as wols olis YoV 8 Jlo jo ol )Kee g Sy 0,0 cavsas a0 F/0
lage b3yl YoV Jlo 5o juisd g yued [Floide sguge &l b5k o 1) o] o,Slee Gilgs o 5308 slapgs
Lalye ool S35 5 85591 235 (s sl 1y (ol ol IVIas 53381 51 5l St sl e iSse
58 ESA g CH g Bras )0 sdo,0 VOV jials cel wilg oo 59551 51 Ol > bl jelaiedy )l > sladlg) LS
Sl Heise 5o sadoll ol cdl as wisls Hlas YNV Jls 0 Kly g 2 [Alogd )8 awST (6 san¥T g
Slisiss [owl 5SasS Ol b3k anld 5l oy ol b ablis )0 &l olsk Jdoar 55551 jled Sl pess
2 S8 o G Wl g0 S5 Slge s slaJgsle (S pSUl ] leagz o ols La YAV Jlo o ol Ken 5 (2l
Qo0 S L..J).QJ aS wisls (Las YOV Jlo jo 00l5,uST g jol [V e ]all asls jeige 31 &yl bl a5 sadss oles
TV o 5o ohlSen 5 08 N1l C3ll 5 59551 )b 5l S35 slogss 5 Bl sloysisn 5o o5 oy
as wisls plas bagy T [V Y]wis S sleias 59551 &ol ols obsb lp |y e (oled S yiSTlg0 5 sl Jg5le 51 ooliwl
Ao YY U ) S asdlge 5 slo Josle (203L ¢ owlod Canglae rals Jdods cilgh co puiinns (wlod sloJg5le 5 oolazul
ole 38 @l Jl jmolidl as” wiols (las YV Jlo jo o) Kes 5 Ko aps oS aus o YY) Las cdl 5 il
Glo yow ST 5k 0,90 (puizmen [0 0 (6 Kein SIS iSlg0 5 003h Lol s co ial38l (5 550 jebay |, 8L 5L
gyl [V Flass,S &l G iSUlge 5 slaadge Jawgs adis baylwg jo &)l Cl5L o i 6l ool (Seolind Jaw SO
Syobas sl ails &yl Cdlsl jo st (i WlgS o Sl Sl o b G yiSUlge 5 slaa)ge Jolas a5 wisls oylis
9 Ml?bo MSQAJ ‘5>)‘).‘> 6L¢:J..\.~.A él.u‘ 9 Awdid S Cuwl ra)Y ASJ).aSJ‘}A).s 6[.&.\.]9.& o WLHQ oé}l;l L ks;l.:w\) ‘_g‘).s as
S 55890 o 51 45 in 8 oo 5,955 (sl o Bl S YA JL 3 S 5 ISy 58 o1,
bl 5l as wols las Gudiss cpl jo oyl [V0]ogs o u.~ol3 3951 sz 9, il 31 S pSlse s 5 lawlge Loy
555 3l 5,995 i (sl |y SorsS (s 2 Vo iy o olsiose 39351 50 ol sle S
oS 5 g b poge 5l eolaxul Loyl ol ‘_;x,pﬂ 5 shd S g mlie Cudgase 4 azgi b Sl s Sl o
ool 5l eolan! v SLle aloz 31 Blae Oy g cauiiais g (Gl ,Sg 008 0 )T 9T 0S T 60 (1S S gige oS a5l
2 dpose 5 oolatul 85U 390 0 St [V V]aies oolitw] BB Cogw Glpieds meitue ebds iyl a5 g0l



WWAY Glies) o)lez o)lads cuaoil Jlo (3l gl g S g cimghy - sode 4y i

5 550 el oad plomil ol Sliiz o381 51 ol 8Ll Coll ol s g 550 5l (29,5 o3l sla S
Frol 55550 S 55551 o255 oS 5 Sl Sl Jamsliy st Jpa0ge 1 o0liial 1 oy Y410 Jlo o o) Son
Sy O+ bylss 5 (B100) Lalls Jpose slacdgw 5l eslinul il bms cnl yo [NAlazsls,y SasS oS5
BT sige alide lajes 0 Glial ooil 5 55551 (29,5 sbes 2 (BSO) (Jgere Jpo g b Jndgm (o>
oS Sl ol 5 (S 595 e (g gl 51 (Ko Canl 0ud dlie (Jgene Jpd S g bg (o p (4853 )3 590 TP
los alS S g bolue 10 Jp09m it (RIFIL 59551 5l oad COL3L (655 CedS g CoeS
3 ooliial L3l ) s 090> b a5 Cal ampe ks [VA] gy (o505 gy sdiiploul owyp (ol
S o)l 352y alelel (lizes 3550 (nl )3 Sy o0 Sl il g cl wiBlo j5ige 5Ol SBL5L GGl 2 Jpoge
labslie b 5l oslinal L3 5,50 10 olgisas B10O § B50 g 0 aslliae b o aSyl Jol ol o o3l geusly
YL sloas o 5l sslawl Jas jo 0,5 &Il 80 5 oadad Jlai &> c8lL GISG) 5 (@it gleas o L) Joee
Slr eeiia nose o> 2o 0 VBB bolse )l o> o o e @) pln Co g Dol jo Jnose
Jpoem BUS as 0 b slocs g jl oolaiul a5 canl ools ylis Sldlas [YA]cw! jloxs Lg)l o G 50l 1o ogas oolazul
Vo U labolsne b s 590 slacens 5 ba)olS 25T 50 5 aiS ool sbml jeige sl Slaay OMSAe o jo Vel a8
Jpoem sbas o b B gw slabgln jloslul a5 sl p3¥ @SSl (S8 [N ]0gd o plxl Jpogn o> do )
g b DAssd plnl Sdal 15 j5ige 69, Mes [JLSlo ;o b il cul pS ol p3¥ julas SEST L 5L
5B b ol oad gaw dlie opl 5o el S, Yoome doyo Yol j2eS aoyo b Jnoem slabglie 5l oolitul aSiylay
B e 050 s5ise 0MS S i 5 59551 51 Ol 2Lk collB 5 B30 5 B20 B1O labglie 5l oolin.l
Shoslasl oyl S 505 ol gl cod,b 5 55 o0 4 5 sles pogdledoiST &,k 5l cadaali ol > lade 9,5
oyl Sl (Soe s i 1 59351 51 (29,5 SlaslE sles Wlgi oo aSl pogdle (o Jnogm bolie Sgu
L S0 5 lgo Sy Lasgs satolmgl Sl e 5l Slade S5 S350 505 25 SIS (g 5 (e by ol 0
Lo 50 Sl s Shi U ey el atly Jsile o, gl 4 oad Jlasl 5yl Ll 4 oVl s
JIs romay 22 waly> eaalie LB o] 5L jlae 5Ly jlade )5 1nss ©jsoar (VL Jlws <E5 L gile 4 (59559 (51>
I ol sl Jousliy ol b 33 52 o iwoses gl slelogbin 31 solital b s sl iagie ool 52
Ly ook Oly om0 G Sl 5 Josle o e b solse Sanl (qay el ool ooliiul algileSs S xSlge 5 e
Gl b bl alise sl gu 5l oolitul b Cunl 0l oSk S Ll gige )5S iams b g 59557 5|
oo 655 2 OLer 5 Ol g sadipll Good o wms (arsts (VL 8o b ) 55551 5l (2 W
(o> doys Feooogas B Cogu 10 Jpogm oo Ll b as conloads ooy lis wilawy slaiég, 5l ool canoay
) 55551 Gles Cpm bslis jo Jnose wops i Gl Jy 8l sales 58l 55551 5l (2o 5 slasls sles
S8, Gz 5 5981 5l Sl 8Ll (e oS ety JUAT] (g ee g0gux B ieled cul V- [0l walgs als
Jole L Lo als o Ll a5 jobolan oy 5 ol (g iien (gl oy diols dio) () jo abld Jlas lebsl Lol cally asils

g waly> IS S 5 (295 Syl (ale)S Sad)b g (29 9 S 9351 5l ead il Ol e 2 5

a9, 9 olge

JRogm wdgi (A

2 @ e plal gl lin (nl )3 (e (s 3 @mly (SEge Olyea Jnog je Lo 58 y0 a5 Ll
Sl ol Sty (Al la g, 5T (LS Sl S Jnos st sln o Jnoge g 4 pladl gl al> e

A



gasal el

Col ool L lighod 5,87 o)Ll GgealSidy ol (il 5 sedgels S s 4 Olsior BT (et alez 5l oS
Sy adgi sl Laghs) (n oo alea sl eanl By pme 53 (gl JobS (g, &5 (ammlSiy il (il 5 by, &S
ool (LS 89 5l g

W) ety (egaste sadahal oSBT e, 5l ndse adsi sl sl Jols g, 3l ol hagly o
pewln S g 000 5 (Gl She SleS aded) doye QA el 5l nl o cwl sals solasul (oY ails IS
Feo Sy Hloy F+°C STy sloo oo VY g5 U cdale ol solawl YU pols ax o L (Gld] S o SleS adgs)
sl 0ol [VA] @y 55 U5ogee 9dss g, JolS Slajr ad ad S Jla0s0 & e ) (o 4 JSII Jgo o g i

s97 el Wlgi oo YU gy Jawgi oadiy9l8 il Juto o (BLal )93l L 5 pplo wils ba allBl (B 9929
g o g 5 b oallih ol o3¥ JH 558 Lirle 550 S5 U ol ya &y g5 ol 5 (3l 055 40 wogllasl il
b ol )55 a0 B ogbol anld ad eslitul lapalBl &, sl p ol G5 bolron 9b0T by, 5l Gaios cnl 5o
ools ylas e adss Jolie 5l S ales ) US55 el cansay a3l 5l gole 5 Blad SLlS Joem Culs 4o

ol 00

(b) ()
Figure 1- Biodiesel production stages; a) Glycerin Separation b) Bubble washing biodiesel c) Pure biodiesel
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Table 1- Some of the measured characteristics of the biodiesel

Quantity Value Measurement Method
Kinematic Viscosity (40°C) 5.047 (mm?/s) ASTM D7042
Flash Point 174 (°C) ASTM D93
Sulfur 23 (mg/kg) ASTM D5453
Density (40°C) 865.2 (kg/m?) ASTM D7042
Cloud Point 5 (°C) ASTM D2500
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Table 2- Specifications of the diesel engine

Type Single-Cylinder, Horizontal, 4 Cycle
Bore*Stroke (mm) 75*80
Displacement (L) 0.353
Max. Power 5 hp@2200 RPM
Cooling System Radiator (water cooled)
Starting Method Hand Cranking/Starting Motor
Weight (kg) 65
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Figure 2- A general view of diesel generator
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Figure 3- Exhaust thermoelectric waste heat recovery system
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2. Thermoelectric cooler
3. Thermoelectric generator
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Figure 4- Exhaust gas temperature measurement by PT100 sensor
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Figure 5- Coolant thermoelectric waste heat recovery system
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Table 3- Open circuit voltage generated by recovery systems at different loads (in Volt)

Position of the Heat Engine Load
Recovery System 25% 50% 75%
Exhaust 1.63 211 4.12
Coolant System 0.62 0.86 1.71
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Figure 6- Effect of fraction of biodiesel in blend on open circuit voltage of the thermoelectric module in contact with exhaust gases
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Table 3- Exhaust gas temperature at different loads (in°C)

Blend Engine Load
25% 50% 75%
BO (Diesel Fuel) 162 211 360
B10 168 220 365
B20 181 243 390
B30 170 226 372
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Figure 7- Effect of fraction of biodiesel in blend open circuit voltage of the thermoelectric module in contact with coolant
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English Abstract

Experimental investigation on the effect of diesel-biodiesel blends on waste
heat recovery capability of a small power generator
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Department of Mechanical and Aerospace Engineering, Shiraz University of Technology, Shiraz, Iran,
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(Received: 2018.5.18, Received in revised form: 2018.6.20, Accepted: : 2018.8.29)

In diesel engines, a significant part of extracted energy from fuel combustion is lost through exhaust and engine
coolant system. The use of biofuels can affect the heat recovery of the engine. According to the results of a recent
research, the quantity and quality of heat recovered by exhaust gas decreases by increasing the percentage of
biodiesel in blend. In the mentioned study, only pure biodiesel fuel and a mixture of 50% biodiesel with
conventional diesel have been investigated. While, it is usually recommended to use blends less than 20%
biodiesel in standards. In this paper, the potentiality of waste heat recovery of a small power generator has been
investigated for B10, B20 and B30 and compared with custom pure diesel fuel. For this purpose, a single module
thermoelectric generator (TEG) was used. Results showed that the effect of biodiesel on the waste heat recovery
potential of the engine has not a monotonic decreasing trend. As the biodiesel volume increases by up to 20%, the
waste heat recovery potentiality increases. Further increasing of biodiesel fraction in blend reduces the potential of
heat recovery. The highest potential for heat recovery was found for blend of B20. Single-module based
experiment results showed that the use of the B20 mixture in comparison with conventional diesel fuel can
increase the module’s open circuit voltage up to 12% and consequently increase the maximum output power of the
module by 25%.

Keywords: Biodiesel, Heat Recovery, Thermoelectric Generator
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