[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/i6ijqp.9.1.39 ]

Vol 9-No.1 Spring Iranian Electric Industry Journal
Of Quality And Productivity

29 ygidl i (189) 4l b SYlewgil (J 52 9 (S Sl (o) 5
Sbobiwl ¢ gz cpall OB, o

Olpl =0l =98 play olKisls - pwaige ¢ (S8 cuSiils
smeampnu@gmail.com

shol iy 3 S oo 515 ooliiusl 550 y9ilojghunil T g 5y Caniuo 30 45 ol (3130 (it 31 (K Wl o3 TOdSS
busmo 4 )9ilo yghmil i awd 3 LoyS JUGH ¢ j9ilojghmil i dwd glj2] 5l cdiblno g (ile Camoguas Lis LS 53 oobo (n
Sl | b cowl ouls (oD G@li&g.to)"l— Gtz ol 50 Cowl 009y cpudifizmn (gl adud jI SO oolo ol & Sloe U, el (g
3790 (gumilimwga ConSl Jllg piaren g ()l JUI byl ph Heileyshudl i (89 aly b ilite &l,39L (g9l Y Lawgil
oub odlol Siguol yill Zlgol Coxdd' (605 5158 9 4l Jlow (3950 Ao 0)3936 98 e S 5 b Y lowgili 20105 51,8 (o) 2
O il 4z 50 B0 9 YO lod 90 0 CanSl jLdg pamiaw owd b (SG Sl gy 9 g KDy oliwo U (Gl yo (w0l
S (50 (9 Gl jLg alimMo B bl crgo Slydgili Hgude a5 cunl (T Hby Clinl)l b ol abpdy &g

1) Azl oy it (ol Colid o g (g0 0 AT 381 b pledl Wl 393l 4 jeka wiyls (e (s> il (o ok Lol
Cowl 31 uLm.a

S s 5y o JUH  Jlauogil g3l gl (5 350l (5L 039
VWAA[S[+Y o Jle,l du,l

WAAMNIYe s Wl b ypdy Gl
o> ol By s Jotuw (sosinn i pU

9 PL"’ oKiils (W 9 L.,’_J ouSisls JB—M (03 g L.'a"l""”

Y4


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/i6ijqp.9.1.39 ]

JEETONE S| - T KW

Sndy 51y (Sg ol DNV sl ansls @) (58 olss
O3 e il ecnl 2 ogdle ams oo Lial3dl a4 |y &3l
Aol b S alols i ) omie g o0l s |, baw L3S
Slopsl (e alold o i $U hie jo 058 (oo )3 Slans] (e
el HlAE 50 55 eole  (Sdg iSUl olgm (g9, I)d awais g )3
b Sl e (S S sla wgn b oe RalS )5 oluil (24
Sl 555 Lt axdl 112] o Sl psesliisn Jeilsy 5 5
@ ks e 5o 9 95 SRl crge S ojlul als oS
CugyS A 4z e Guizes b valys s i (655 Bpan
[13] sl o a8l 56 @)l JUl (e 09 yiaS &l 3k
“ sk 5 6 Soe SVbw 4 S SVLngll (51 S ke
ol 2ol 5 (5ylak 5 &)l JUl sgne gzren (bl (%
el Gley sl ¥ Gly pals o)l JE] sl
b el onds 5 o ol 5o 0y 1) (g lme Sladl 5 (S28,5
A 589, Slm gileysiasls (9wl b SYlwsl 6,51

335 sy Jlmgil 69, Sdos ols>

Jowo (€9, -
24 A3l (oo (Fare (89 oud ahal i5u H5ile)ganil S (89,
Ol cnl sl hem 4 ol Kl az 0 Yoo B YO o sles
Jold Lo g o0 (Al MelS” (gloond Bl 5l apdas I Gy (529,
o S Hgleysanils jo a5 (8s) wBlioe mle slan Sy 0
Oyl eanas JUEl (og (SoSIl Bile ol aiby 4 o,
ol s sl cladlone izmes g (S Ay 4w
O (oS Slasin wily palls ey, aziliz o)ls onge @,
S Sl 2Bl (5 (589, AjeSems ST g 0wl g
sy welys ol o1 'y Ak g Sl walss sk (SauS
e 5 1y Al oS cols s 1wl gy, ajeSans VT
DV e ol o7 Jlsl alais &gy

9 Vb (S sl culinal 5 g )laly shls Wb Jlowl (65, o
@9 |y )l JUl Wlg 5 00g b 69515 5 egate >
abii g YU g B, abl (39 omb Geizes a8d plxl
D)l Az 50 (58, &5 d9b (o0 Sl Jue (85, 5o Jlndl
33 o8 e a4 bled g ools s Sl 093 &S > ol la
SOl 3l sle g med Wb Joe 05, Dol sy salys s o
Shk3 g fegSee 10 5l 5 LalBl il Cush, 9 3lae
[16] sas o als 1) ég, oSl o colinnl Ol Sog
S o9y o5 Ll sl Jles Joue 9, 63,55 Conlu
5 Loy Jlie 5o T 63l 536 5 005 pdy Jlgs el JT oS 3

 Pour Point
2 Flash Point

doddo —

Ol Caro g ez Sl (6535 ge 4295 45 (Jlos 51 (G 0j9 el
Al o Sras Gleaite 5 5l ol 03ged Cdr 05> )
395 (ng slagty, 5l eslital po3l (e slacSgw plie a5
)l Gl 1 el sogei uguie G 3l Gl | 555
Folo g 00 wdgs slaelfins ghg0 e 5 leadly SRl cg
2 Oyl JUsl B e glagty, w6900 655
JWnt 5 ()1 Ol b g aieils) Jlad 095 50 a0 Sliged
JUBSH ol k80 5 oo i ()15 595 Jleel 2 5L5 (90
Sop 9 SzsS glie bl o Sl laas jleslital y &)l >
@ Sl sledase LS 5 o)l JUl Gl (il 0)l0 952
Al adboe mlie slaaiza jo Vo laggalae (297400 (Jne
Sl (Gl sladae i Slmeas e o)l Jlil el
G Syl Jsl plule cape g @58l el o S5l
@ s Syl Jlaml e Jglate SVl )l sage p 1, ol
olan Jle Hlaae adyle ol Jlew Sl colas g5l @l)d
Ofay Al Yore g Ol Rl Ve sga bae (slod po s ()l
el j5ige

Sl calaa b old sl eolatwl ayykas iy Jle s 3l i
ol ol wile 51 el alls Sl po bslie & jgm VL
SV b (Gl il (9 Vb Sz 0 g by, (JsSOE
~65 iz o)l (il ezmen MSis o (1] as £k
oMIP pas eizmes g dalyze g Lo JUIS oged Sgias g (St
Clpd 0l (65 ple ol bl (5l Cud )b o
o 5l eolainl Coows 4y 1) pufione (6 509,500 5 (S ye o o3l
Shd &ly jo lydgl 2] ols Gow gl i 5SS o5l e
Sl Voo 5l iSagS ojlal s amg 5l o a5 wiies
3945 alKim 095 o el B3 opl S8 Lo o5l [¥] asly
2 Ol S (e sl gl Wigd oo By a0l Jlw
lydgl 5l solital a5 wols Glas wlasle;] jriw a5 coul Jl>
Jelse [0 5 F] ams o ialdl 55 1) ab Jlw &)l Jlsl ol
JUEST (2l e o S ojlail 5 JS8 iz Gezmen (S95UsS
Sl calas b oald obal [7 5 6] wes 35,56 o)l >
39yt bglive (S5 51> Colam a5 09 oo o crge YL
S oSS e 0 g e 3 o3l zals b A Al
JE) lee 5 a8l Gl Ll (Sl Jols amsi jo 5 ey
[10] cal salys iulidl &)l >

sl a5 358 (oo 2ol Sldgl e 4 mhaw S 13
S sl S eDS o 9,0 Glaps! 4 o il o &8s

\vaa )Lerv YA GiL..a o)Lo.:: \ O)LMWJLMJ ul).vl dfw6)5 oﬁsmwﬁbjf—solc dafw.l


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/i6ijqp.9.1.39 ]

leygiedy £9) bWl S 9 S0 3Sd )y

G G = a,3 ol
e | 2 :
o B | £5 Y = 5
B < = G = S 3
"o EI) £ G 3
bR ha ; {UW. <
&
levls FA- wra sl | wse | SO LA
1e+19
181 L
Ve M- Y- waa | AkO Loegl!
Yo
FAT FlA fyy | TiO L
LR YE. AR wys | AN g
VA- el
107 10 Yo- \Y ¥ Sic Al
s
Gale 5 a-- a c o) alodl
e Y

v Lo -Y

WS oo 3k B Seke 3 (SHp B & Sl 5l S
Slgieo 5425 Gl 68 pleadly Gl aS cenl 5 5 53be 50l 5
Osze shelss il JS 6 Ly (6551 Bl g B pan e o
ol pleadly 5o Sge Jelse 5l z)l5 sloa slos 5 Cagh; (e
W Egy Gl omb sl Colse JSie  odle bl oo
O ol o Ses DM 5wk R 25 sles S
5 blia 5 a5 Glas OMSis 5l Sy 3, NF e sllast
T sl 1 g s 00jl wal Jles GialS o)ls vgzg jslS
St Slaj 53 Logasie ol 5 sloi Ll )3 2 ol
» ol Jal Jols Jlw aSl 4 Sl ailee $p Syan
Sfles oS S5 O et (S0 1) (S 89)) ol
Shre dalps o Guil g eoil a4 Shle S8 wilgs o Jlew opl
shils @hdgl 5l oolamwl b canl oas (o 3o () o gled
K8y 5 il CedS @l Jlw 1YL Jes Sl oles
Spae Si ooy 3 U peiide dgne | by Jbow ()] Jll
O gl 00, 5l Hezmen M by S Lo 0,5 Jga 5o 5
Sl ple el @Y (il iz 9 med azlse Lol
DS B orp 9 4z 3590 1 %)

Jlogil 3ias gy V¥

sly porde (nl 005 €Ol 10 S35 pud gl Jlwsil 4
Gk 3l &) Jhwsl 4 adboe o)l JUil plenly o
LYos | G asile L 0,5 0 Dyge Al Jlew 4 S350 0453
Swl pilise Jlowsil agd 1n) <85 5 0 mle - wsl> ool
Ogrelpmg o9 SISy 5 5k sl Sl ok 5 P Ll
INT cal @l)s pass 43605 5 (b oliowd Cunle i pae
oolaiwl galizee slo Sal, 51 6l o5y olo> iz 4 Goww, sl
oolitl ygemilimgas Jolomo PH 5ot Gozmen 05 ol 090 oo
Slge 3 olizal jlus 0aiSTyy olga 31 oslial pxlaws yo Jleb Slgo 5|

8 surfactants

oas 0eST €5, o] i 4 100 .08 amlgsn s 5 MlST 5T
3 Oy b GRS g Wl se 392 (B g ol SLLS 5 g
Al ol olS 5 Ko b 5L DY sl e als OT Ll
s.:‘).o.)l.l LQL_;’R.UW LSL“’g}lLC BT P ooJ.&;é 6[.&74.‘2.’5:5 9
LSz [18] csliS aalys ol 0aiiSs 5 05 asile ogllaal
5 Jlsy ledely ;500 51 50 553l ygaudl 5 (84, 0 SBUS § (=
2 lagle a5 cul 53w p3Y andl [19] wiab o o84, JHoees
s Py olerd w9 Ol o 4 LS gileshudl 5 SO
oled g waleS Fee anlyd b )3 55 (S Sl ads sl wigd
selys IS s, sbm a5 sz Jlw s lp wl o)lse )
@5k 5 Wl Gl Pl o S 0 g 005 peyn 28,
8,18 Gubizs g iales]

S5 Jae gy Oyl JEl cupe cans MY ST o
6L.~o ..\.:‘9; &° as w‘ o oé)si Lo u‘)m.x uuLw‘ » u»l.u;
a2l pall al Jlw b diged pgpaibinge (S5l @l anlic
Sl 00l dl] jo3le g0l 5 peg, 0055l &S 18 awgd Hloged oy

160 Naphthenic Transformer oil NW\BQS
N

140

120

Iso-Paraffinic Transformer oil

~
i

]

N

LY

el

S

®

'§ 100

g

T 80

<

§ 60

g Synthetic Ester Transformer Fluid
S 40

s

=

N 20

3

=

40 50 60 70 80 90

Temperature of transformer oil (‘C)
bl 3 Jis (5295 31y JUESH gy o 201) S
[20] ol 395k il i (9 Aigns aws (51 Lod &l yud

JPOUETUIN| IRVOV. 1 IPPOUOWIN UOVRIRVU - CESNCH PP A IO S
S5l s pgeden Sl pseinesl] W sl ]
3,90 l.g‘j s_ia),.ﬂkgd 9 ‘5>)|).> c:l.u 9 Sl o oolazwl o)l}...:LA.”
03,1 "V Jguz" o Sldgl ol el el a8, F 13 s lie

S 00

ol i 0 ooliiwl 3590 Wlydeil plas (V) Jeua

\yaa )Lerv YA GiL..a o)Lo.:: \ O)LMWJLMJ ul).vl dfw6)5 oﬁsmwﬁbjf—s«‘& dafw.l

¥


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/ieijgp.9.1.39 ]

O S Lol Guls 5l 050 ile lalpn wilgs ST ol
2 Oy SerSI g bl ssaie (& e, Saz
So oy Sl o Ghlejl oliws 85 1E IS s
0900 pasuive alold b 655 90 o] jo aS cul alKisl ;] SetUp
2 5y ellws I g0 boaiyls S8 (58 5l shas (ol alaies
Ofy dhanly Lawgi (655 99 (pl o & 2> U3 (o0 VU s
2 Ofsy Jead el sls jlade cpl 005 sbml Glyx LS
sl il 5 sos laibiwl bl el picens o505 5L zals8l ol
i 1 s S g5 sl ke il JUiS 5 i o3
Al eSSy oS0
Pl cesd ul dised o5, Sy (g5, Al gl o bl 3.l
FUY Gl cond @l (2S0le 0 dy plonl pateie Sloj alolb L L
O el (St 5lls) iged (189, oSl g0 i bl
o) @ab a5 oo oolinwl IEC-60156 o luitwl 51 olislesT oyl
Yl coad G Sloy Jlas o YO MM 2 5l (555 g0 alold o lasten
ol Y ST o S SUl (g alel olSis gl go 4dBs

Sl 00 00l

‘se.,:s.u';o u:.iu,'i' a.: (V) JS
5 S35l e T le oy, Jels el la aiges
andl oo ool ol slo oyés,

1Y lwgils angs -Y-F

Il 50 o solel i 51 L3l 0,5 Lglse b Gubizs ol jo
Lsle G ol 00 o0lal Jlowgil Hlas 590 (slacdale o sl
395 o0 035 b el (555 1 (oeeblite Sl JgnS S5 L
JgeasS il ,> b as el alfins il (Vo leds JS2)
Shizge ol 43,5 )13 Wigad Jloos (55l By (190 oS ceiblise
3550 oo w3 1) Jlow aiges (Sl LDl

5 stirrer

5 Fse Jshiie cle bsy oyt 5 olibe) 5l oslinl wlisl wi
0955 bgla b Gaizs opl j0 122 0V F] axtis Jlowgib cole
Gl 89 slacdale o Al Jlw ;o oo oolel L 5l &l,34il
3 Oldglh o asglS 5l 6 S sl g el oo solel Jlwgil
ol 00 0liia] Sy 3slo lyal 5 Sl el s ool
Pl s Syl JEl Slsle @y gadS p8 oyl
S Jbw Gy sbey¥ 5 JB 53505 ()l calan) (So5d
ambre lp il 6595 9 2 slaghy, oSl
ool 5] ol JSie Lel ] o 48], Vgl Sosed Lol
ol g abpdy Sygo (o> Ll cod Ly, ool Sl el e oS
Sy Sz (28 Slalesl plxl cnlply anibe IS
003 Sesy 5l 3be S GOl 5 e @S o)
Oz SIS 0 LB sl b plgi o (Su3d ol polie
Ly &l JEl (o) 5 28,5 51 50 518 S5l S wile &0 )
oolaiwl TEM (sla uSe 5l Jluwsil (5,lal S cge ols plol
] 03
9y o P rrimly (Jlesl G Zalse g pSeslal sl
oS sl e cogatie | iem sl bolKiws ol il o KD,
Lg ooged Joo hsSsei 5 (Sl oaitnd (s Glojen sk
olbe e dnlre 4 Sl Jll ple Ll 5l esland
Sliglojl iz cnl 5o 23loyn (oo Gz b 5 Sl (S
s Glalojl g )l alel Jals (8, (olsr 4 by
a2l oo (S0l
Gl (g9, - F
4t 5 gy Slinlesl sl ise 4y 5 009 (Lol Beiod g,
D5 (50 el SYLwgil
(e gy oliubel —)-F
Sleazye wlid 89, Gelizd (ol jo eoliul 550 Ll 5 48,
oW a5 (gla s (sl Al (oo Wig ;545 Jpaze
28,5 18 eoliiul 9550 bS8,
TV ol Gl slo aSiay )0 Sezge (85, 1) ojled (85, )
=
@ 099 3 b8 g adsl anhal | am Sy (585, Y oyleds g, Y
ol
ol 00,558 s, Y ojled g, Y
b ooolazwl 31 3 1) oads cooly slo 4y ;0 09290 (€5, Yoane
Sl Lo il Nigd (o0 (655 Cusb) g 4das (50,5 05 s,
Sl g Shle byd aw o wlsn wlb (Wl 8, &5 Cl (sl
2L ol ey Somled Lol 1) B gl bl
withe (Sl Cwols Gls iz o (ol by (s eSS

4 probe

YA 5l YA wls ojleds Voojleds s Jlo () G Gt (659 040 5 CutS g - cele 4,48

Y


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/ieijgp.9.1.39 ]

lesgaad s (29y b b Wwgh 5 g SopSU gy

ol Jimo (B) i S Jlauw 0uidls 15 eny (@) () JSib
S g0 Galejl e 5 el Sge Sl 2alS e 23850l (0) 3 (guublida JguueS () () JSi2
D8y 10 x[00x 100 J3Is sl 4 UPVC ooz g0 alaizs o 1) bglste sl uows 098 (0 005 op 4880 Vo S 4y bglse

S8 285 an S e cnl FUSE" Bllae s 15 T g 358 Lo pen
Jrazo oaims (e 8 olSiws 4 Laily LIS 3l oolaiwl b aS o 1o (g050s

UPVC aliime () JSi
olis 5 (Sl a2 5l o Jlsil e GBI Car e
9 A Ml )0 b B9k (59,0 Jlwsll sgime (g Goile 1 g Seguol JIT 1(F) JSi
Ogodsile plom (Y JS8) ad ools 5 "o Gaile plax (3930 o s w gy gt Sao Gsile glasl olKius ol Sy gard L
Clope s piales] Bi1 a5 a5 Ol i3 sl cesl (s s as S SIS S on 5l cge 5 955 oo il Sl wiged

JUsl giolesl Byl OT Goyb 5l Sge Ggile glsel g 005 o0 )18 1310 00 e 99 i () 00,5 o
o Sigul il plox (9,0 4kdo Yo Do 4 alejl Byb b o sl 00 3T 5 plyEesS loans olSiass (glos g pus (|

Gl (o0 & Sonnd D90 (8le plox oliws (285 13 el ST gas ol ol e 4 g S 4 | iges Jlew sles (o
. A . : -

)3 65 ol Tslhe g e e Seo Ll coal lae Cugb, aS (G 4l S L) T SVLwsil o

b ases oo 58 0 o 5l glos catd SO jo 1y Giolesl Byl o las
56 le,T il il ysmman gy DLl ) aile Lo tals' b
Sl il 5 g, 3l eolaiwl jo el dges Jlow jo Leo sl 5l
d).g)ls uf‘ﬁ) U"‘ ol u.-.:Lm? C»ﬁ.‘a) Gy & ‘A.g‘..\.m O‘é5) 45.@‘
ol Jo Ca wsd e oomlin "0 S s a8 jehilen 5y
w5 &S Jlw digad (gl Byb Hloim (ol aded piy SOl IS
ol Jogm b solatul 5,5 o )3 ] 40 55 Sgo Gsdle olSiws
G395 b ouiling, 08 UK L sillae e alg) ) oolinul b Ly
D 4 iy Slanl (St dy) Lags s gl ol 5,5 5
Sy Gole plaz :(V) S S oyata a5 cuay ol o bl & 5 o sl

Lot Cogby 00 a0 Oyga ol il 05 (6 5l eolawl b

D9l oo 50 0,5 A e ol po 1y ST oD S b gillas
oy S5y gy Sol> sle adend CBldS o 15U diged Jlw (59, sl 0383 iy y5yS o glod L2blS Joe 1l adlog

" Ultrasonic bath
8 Noise 8 Ultrasonic

YA 5l YA ols ojleds Voojles s Jlo (il Bp G (559 0540 5 CotS sy - ole 4y i8

¥y


http://www.nano.nit.ac.ir/equipmentsFileFolder/1389-4-14-2010751523457501861658831_1.jpg
http://www.nano.nit.ac.ir/equipmentsFileFolder/1389-4-14-2010751523457501861658831_1.jpg
http://www.nano.nit.ac.ir/equipmentsFileFolder/1389-4-14-2010751523457501861658831_1.jpg
http://www.nano.nit.ac.ir/equipmentsFileFolder/1389-4-14-2010751523457501861658831_1.jpg
http://www.nano.nit.ac.ir/equipmentsFileFolder/1389-4-14-2010751523457501861658831_1.jpg
http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/ieijgp.9.1.39 ]

s Gl Byl o

Electrical Breakdown Voltage (K1)

(SO sl g0 wliobojl —V-0

olads (Al yeg, Sl 5Ly u:';.ll.eﬂ Sz S sl g0 QL‘;;“Le)’T

el o aols 5L " S s gl 4 Cdpdy Syge Y Y )

85

80 E— a Avg=80.6

75 E

713 Avg = 68.24
65 F

60 F
55 F Avg=52.34
50F \\./ \

15 -
a0
B | H OilNo1
35 3 & 4 OilNo2
30F a ® QilNo3
5E
20F
E 1 1 1 1 1 1
0 1 2 3 4 ) 4] 7
Test No

YooY osled (Al gy (o5 il ok gyl :(8) JSC

o B L FEY A 1Sl o lailinl Bl @S oy 5
Sy sS OYVITF s ) o)lads Lalls s, sl loke ol ipeS
oyl eg, Lialel £ B Y Al o (uSiles amit .l o] s
Voojlad LAl g 4 Comd 4 ooy <y shS FAIVE Jaa Y
Gialesl 7 B Y al e paSilie s el 4zl (s, FIY a)
g s ys VEIF 0ty iy olS A-15 o b 55 ¥ ojlesd o1k,
OE9) A Camd (60,0 VYV al; g ) o)leud (189 4y Cannd Sl
Syrge sk, B 4 ol oo |y o e a8 sl sl |, ¥ o jlet
O dalol )0 0l e G il 50 S92 g0 bo S Sln 89 0
6> URlesl 5o a5 Y ojled (il 89, boad DLl 039 g8
3 5 Sl & sl ol ol |, ol o S5
Vgl el ih S 15 S iUl g0 Limlesl 350 5 i ool
Sligles] bl 28l 15 g Sodle glasl s aids Yo
5 ¥ osled (il 5 89) Al Jlow o cilide (002 2o yd b D350
L Ve JSET 5 8 Y Ao e e gy las i

Ll 00l o0ls
5 ¥ ooled als o8s) ol Jlmsl SupsI g0 Gtalejl o
b st 5Ly ol Jlew G2ols sall an)l5 el Ol)356
Jhwgib G sl oo iolojl 5o euog &g obS YVIVY sq0>
Gl 5 pgriasll w s Slidgil 5 Vo)l LAl gy, sl
ool 009 a8l 1) g oS FEIFY e b oSt 5y ol lonm
e G sy mdly s L sl ool Je oy
L) &2y SerSl Joles a5 00, Al (89, ) 0,350 O jpar Blae
AL HEs) sl Jlawsil SoSI s Galesl el 005 pa 4

39 Oy 5y sle el ah (oo AL A5 00h 93 598 5l 93 g 00
o 6&5) uyuyb R &° ool wy ﬁw j.ﬂ d)j )‘ oolazw! L»
18 oolazwl 0,50 S SUN (58 5 Sy s 59 S ¢k 00le] )
o ¥ oo,led yEg, b Jlew bons sols! Jhwgl o dges 8,5
259 5l olid gyl ynSe pl b as wizd § I STEM (g)ls pnSe

> -~ o

(0) wat)5 (yaSrkoan (@) g3l =Y lawgil 3l TEM s quari :(A) S5

a1 (€) pgrinngll w1 (d) coylgmladl (€) pguimogll oy yis

gl s (F) ¢ gk

o g gl -0

YA 5l YA ols ojleds Voojles o Jlo (il B G (559 0540 5 CotS sy - ole 4y i8

¥


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/ieijgp.9.1.39 ]

oFleyghad i (£9) 4l bWghi 5l 9 oS )

KD, ol&iws Peas (V) o
S0y gl b) mhw o Jld dlge ;36 b wiged cpl 51 (S0 0
S dged £65 ¢ Joaz pl jo el 0l gy 5 (O1,3536 o>
90 4O KD, o&iws L uj)‘)"’ Colos 6;5 o)’|..\3| C"'L“’ 9 u...uLn)i

Solas oli8l s s oren g ol Kaile az 0 OO 5 YO sl
ol 0 ol las cadgl alls diges 4 s s diged )l
Lod Gial3l b Lo diges ()l Coloe Ol Jloges "VY S o
el 00lie B

olell S350 g5l Jlawgil o5 a4y a5 ol i Slaglojl b
Jbwgil 5 i oL, Kl a0 00 les jo o)z doye -fF
4z ;0 00 gled ;o oy 2o )0 /Y ks ST O350 (g5l
g sl plas ses 11 Sl by cglhel of Kl
Sheslatl sl aidly iuli8l oo ,0 AY Sl colae Sl oy yige
Slaams go Gl 1) ol,d4l SauSTy aSil b mdaw jo Jlad olgs
Spgar Bl Wl Gailiwge (Gl Culas g5, skl
b oy oyl Jsl bylys ogue 5l olis Syl olislesl IS
el o0ls uladl 1,360 51 oolaa!

(G S A -F
bild i) bl sw)p Sypo 4 axg L Gdbxs ol
Zdpdy Ojge bl Lulis o jglessindl s seg; 63,Sles
oAVl hls &S Cugh; W3 005,15 Wl 8 Sl GBS cnl o
0,9 9 gg5 il 3l oolaiwl Lol colaiwl 0gr (SO Sl el (oo
slod 90 50 Jlewsil Q;U; o digad alise s sl clale o
Slislesl .cd )8 15 iales] 0,90 g eolel o Kl ax,0 OO 4 YO
Oinlesl cnl S5 Heiws jo Sl colae lislel 5 (S Sl S
5l cwl O le Gadon ol bl .cosl 0oy
el Hoile yarudl i g, 10 bolie &jguar il 35l 3l oolazwl L)
09y CeSl 5lg A o (89, CenSS 5y wal alS
ol aifg, Jwsil o Lzl e ol 45 sl ons alls

S 5y yo (6 pSKediz SralS uledl 1,38 ol o 44 ¥ o, les
wes o lis alls gy 4 Cos

80 |

F —_— Oil No3 + SiC  Avg= 2724 kV

i ——— OilNo3 +AIN  Avg= 36.42 kV
= 70 i — e — Oil No3 +C Avg = 21.96 kV
=] L PO Oil No3 + ALO3  Avg= 35.82 kV
v [ —_— e — Oil No3+Si02  Avg= 31.18 kV
?f B —_ - - Oil No3 + TiO2  Avg= 29.05 kV
s 6o
> i
= L
3 i
= 50
« |
@
¥ i
M i
= 40
o s
E i
151 i
= ¥
H 30k

20
L 1 1 1 1 1 1
0 1 3 4 5 7
Test No

il sy ael Jlaw 53 oy 1) 15356 SLialosl :04) JS
FLY ao po Consl 5Ldg (5Kl 9 ¥ o Lo
DOIYS sl pasioogl apnST ool Jhomssil K i8Il 5 tles]
Jwsil g Las ¥ oojleds (alls (189, & S 20l 0o
5V ) o)led by, 4 S i popmnles 90T 2350 55l
Iy oy #Y g OF/Y F e 4 Sl 5Ly ol s a0 ¥
aos oo slas
09y 63 Jlmsil CenSh 3y 4 barpe 5 Glalojl )5
5 a5 Cel 0391 powilid amST S35l olyan 4 ¥ oylads Lalls
S5 Bl ¥ o)lad Al g 4 Ca shoys STV LialS )]
oals snims i (Ked il o oy Sliolej] ol 5l as ol
a5 Sl 55 Sl ag38l 1 55 S Sy lien
Gl 1y gy Vgl 5l eoliil ¢ ite 4355 oyl 45 WSl o
led (oo S jlars il Al )
ts 3y wlislosl -Y-0
Syge KDy olfiws 5l eolazul b olge 5> colan (6,8 o5l
Ol oliws & Jaie (Gigm 29p (b crl )2 (V) JS8) Séndy
Sl Llyd sloml 5l e 008 (o0 518 Galej] diged (9,0 cosims
S 7eS (Gae (bl e (o0 I 29,0 (lej ol 4 e
Glos 5 6 ol gllas olyen 4 Sl Colan b dids S
Agei by oo ialosl 5l i 00,5 oo @l Giolejl lare
s 0, IS olSs of o (g i3IS
S Gy 2l Glales] sle Wiges (59, Led Gl 36 ) g
Syl d S g o Kl 4,0 00 9 4,0 YO ko g0 o b
oy @l ol ol el KK lawgd ax 0 00 sles sy LS 050
cod a8 Y ooslads Guil 89, b sl slo digei (Sl colaa

il oY g gph a4 and S 8 b))

YA 5l YA ols ojleds Voojles s Jlo (il Bp G (559 0540 5 CotS sy - ole 4y i8

Yo


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/i6ijqp.9.1.39 ]

s Gl Byl o

ALN &35l coS 5 andl ol 0oy yidon pauilind o]
el o0l s |y saliisl &y

DO slos yo saym woys IF ubedl S35l g5l Ll Y
Ol & Gl Calbe Rl Gl G e Sl 4z
Sl plas o3 5 Al Jlow 4 Cond TAY

2 2z oy Y pecdiw ST O350 gl Jlwgil Y
I Gl et oy osllael o Sl azyo 00 gles

Sl lis og>
Sl colas g9, gellaol Sl s o Jled olge 5l oolaial ¥
Syl Jlewgil
Conductivity
Coefficient
0.16
H
L 0.14
Jhog L
Level of conductivity T L 0.12
of oil in 25 °C E ﬁ
I l L l L
4 0.1
L
Level of conductivity !
of oil in 55 °C 0.08
l L ° b
L
- - I H 0.06
H 1 I
H
I : 0.04
=  conductivity in 25 °C ®
® conductivity in 55 °C
0.02
L Decreasing Trend °
H Increasing Trend
= = = = ~ = = = ~ = = = = = = = &=
B B B B 2 B B 8 2 ES 2 2 B B = g B
= B B B 2 2 E TR B2 32 R B2BE 8 RBE
~ o o o ~ o ~ L] o ~ o o o o ~ ~ o
Z 2 7z 7 Z 7z 7 7 7z 7 Zz 7 Z Z 7 7z 7
< =3 < e ] = e -] ] =] e e < =] < e e
:!. ; ;-I : : : e ; b= s -~ ) n — w w —
Lod ]38 b b diged (1, Culad Oy (YY) S50

\ya4 )LQA \A GaL..a O)Lo..i) \ O)LQ.MWJLM) U‘)”l d)‘“‘-’-‘-‘d)s oﬁs;@ﬁgf—@]& 4)).»4;.!

e


http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/ieijgp.9.1.39 ]

wlowatnd i ol bWlal . Slea. SO o

wiged CYwail (J,ls Culud gl (V) Jous

otz Sl R* | s o3kl 3y90 03Lo |
4y Cagss sl | S| co g fﬁ
() a2ts Jbws | (W/meC) ~{ s{

- AN A BLCVN Yo oM oge | V| Y
= <[eAed AR 00 Y

-. «[+YTA Jaav | v pyS V0 Siad gdau 3 Jlbodle + il iy [ Y[ Y

-Ya /.oy < JAYY od ¥

-Y\ -/+ARY ALV Yo | Jud edlet soy> doyd +/Y pgmimegll a8t Sl + il Eay [ O Y

-0 o [+¥Y) AN a0 e o SH o gaw 5 [ 5

-0 «/+aW - /33 Yo | Jud edlet soy> doyd +/0 pgaiegll s8] Wldgl + uil5 oEey [ Y[ F
+¥0 MR\ <Y 20 £SO Sl o 15 | A

-5¥ OO AT /A3 Yo 33 Jud odlat soy> 3uoyd V pantnegll Sl gl + il 8, [ A 0

-4 -[-¥YS < /A 20 £y WIYO S ol o | e

-5y -/ 00F ARV Yo o> 20)d /N pgmds SN I3l + il 2ey | WV | F

- AR NV 20 Y

-¥a WA R Jaav | v 92 3205d oY pascks AnSl Sl3gl+ )3 o2ey [ W[ ¥

-Ad <[+ 0FA AV 00 ¥

-A A ALV Yo 53 Jled odlet 0y 3o)d ¢/ poslis ST Sl + il ey [ YO | A
-5 Jevar [ oear | oo pyS V0 S ol e [ 18

+\A «/+QAY /a2’ Yo 30 Jd oot copn a0yd V padlis A8 Sldgl + il e, [ W R
+YY ofo\Ys /A 00 25 Yo Sl sl e | VA

+ JAR oY -/aay Yo o> deyd oV bl Sldgli+ uilys e, [ VA [ Ve
-0 -/-vay /A% 00 Y-

-1 <\Y¥F /A’y Yo o> 2oy o IY el @ldgl+ il 8ey | VY | WY
+A <NeYo -Javy 00 Y

-v AN\ 4 ARV Yo o> deyd oY ol aldgli+ il 8gy | VY| VY
¥ Jovsy | oava | o ve

- AR S AR Yo o> ey +fF ol aldgl+ il 2ey | YO | WY
+AY «[-AVY -/a%2 00 Y5

YA ANRY /a3’ Yo gl ;0 Jd ool + oy doyd oV uladl ldgl + il o2ey | YV | VF

-YY oJoAYs A% | o S o I¥0 SJasd | YA

-\¥ AR O RTARVY Yo ahow 50 Jlad odle + oy 20y /Y uledl 3l + s o2ey | YR [ VD

- <VEVY vy | s pS YD SJia | v

-YA DAL - [AAY Yo o> 2033 N Al oSl Sldgl+ uilys o2ey | YV [ VF

=YY [o5YR < [AAA o0 Yy

-\F +[+3AF Nitts Yo 500> 20yd V pasteagll wyzs SISl + il Eey | VY| VY

-\ ofeYen AR\ 0d e

YA 5l YA ols ojleds Voojles s Jlo (il Bp G (559 0540 5 CotS sy - ole 4y i8

v



http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html

[ Downloaded from ieijqgp.ir on 2026-07-05 ]

[ DOR: 20.1001.1.23222344.1399.9.1.4.2 ]

[ DOI: 10.29252/i6ijqp.9.1.39 ]

JEETONE S| - T KW

"ede jd o)) med eomes woly Sluls wlo e (BT VY
Sy Jlwgil (Saolys cay (2Bilol (5 pSojluil
9 o] —ojlun wiar (S Sdlglell - eige HSlg, €9
shgd sele 4,0 " (o) Ally S g bs &)
Jlo OYF B OVA amio Y o)led VF 090 e yde Con i SilSo
\Yao

Siludae " ol e csule i ilol b S el ¢ i [V0)]
A0 b ae sbyeile,gimily yee Gl Gl (Jleio
oo 4, Mg b (S pSIN JLail slag 395 Sedi (8,8
g o)lod ipge 0,93 (lnl B Cio S)5 050 5 S SERsR
WWAY YV B ) axaeo

[16] Kaur, N., Chudasama, B., “Effect of thermal aging on

stability of transformer oil based temperature sensitive

magnetic fluids”, Journal of Magnetism and Magnetic
Materials, Vol. 451, No. 1, 32018.

b ol " a8 ol 08 woldipe (pule conls (s [vv]
SoS g b ygilo youndl s 79 e Jow 3l eolaiwl b Sy adss

o 9SS (idgh (oole 4,05 Mo i 9 FAM cuas 4l
VYR) 05 B F5 amio sl o lads sl o590 el G Corio 69

[18] Najar, S., Tissier, J. F., Cauet, S., Etien, E., “Improving
thermal model for oil temperature estimation in power
distribution transformers”, Applied Thermal Engineering,
Vol. 119, No. 1, 2017.

[19] Ghani, S., Muhamad, N. A., Noorden, Z. A., Zainuddin,
H., Bakar, N. A., Talib, M. A., “Methods for improving the
workability of natural ester insulating oils in power
transformer applications: A review”, Electric Power
Systems Research, in press,
https://doi.org/10.1016/j.epsr.2017.10.008, 2017.

[20] “Properties behind effective Transformer Oil Cooling”,

Transformer — life — management conference, Nynas Company,

P 14,2007

51 eoliiwl J3b oy " e dazo (Dloed (o pST e csonl [TV]
"l slaojlwil b dlg) g awgs 5yl Sladuwo (3950 JLewgil
FOO azmio o o)lal WV 0,55 o jde S i SilSe (sighy (oole 4523

T8 L FOA L

[22] Bhattad, A., Sarkar, J., Ghosh, P., “Improving the
performance of refrigeration systems by using nanofluids: A
comprehensive review ”, Renewable and Sustainable Energy
Reviews, Vol. 82, No. 3, 2018.

&=

[1] Hosseini, S, sh., Farhadi, M., Sedighi, K., “Experimental
investigation of a solar desalination system using twisted
tape and wire coil inside of spiral heat exchanger”,
Desalination, VVol. 420, No. 15, 2017.

[2] Hosseini, S, sh., Shahrjerdi, A., Vazifeshenas, Y., “A
Review of Relations for Physical Properties of Nanofluids”
, Australian Journal of Basic and Applied Sciences, Vol.
5, No. 10, 2011.

" e il Cwd wdgree 8 waels w3 %l [Y]

Jlwgib oy p O3l cozxo junS g Lo 1 B L)
oyt Sy Sl phagh oele s M (SSgn (G pad
1FAD Lo )+ F b QA amios oF o,let V5 0,50

oyl aluls oyl JES " ol ol cdibow (oas,S [¥]

b sole 4,0 o0 JSb L aliizxe 0 Luegll — O Jluwgil

VWAY Jlo OFF BT amio ¥ o,led MY 6,90 ¢ o yde Co i SilSn
JUSS p mablin olawe ;36 addliae " clopde s )boes (0]
2f oo @39 b (g0 dhizmo j0 JLwsil (b 2l ©)l>
Fojlad AV 090 myde S Sl (timghy sale 4t eSSy

1Yag Jlo F« B YR axio

[6] Koca, H. D., Doganay, S., Turgut, A., Tavman, I. H.,
Saidur, R., Mahbubul, 1. M., “Effect of particle size on the
viscosity of nanofluids: A review”, Renewable and
Sustainable Energy Reviews, Vol. 82, No. 1, 2018.

[7] Kumar, D. D., Arasu, A. V., “A comprehensive review of
preparation, characterization, properties and stability of
hybrid nanofluids”, Renewable and Sustainable Energy
Reviews, Vol. 81, No. 2, 2018.

gy " lex gl eaillyl (IS (o dese 08 el [A]
3 ooliw! sl Jile ded gl )F o0Sles Sun L il
(opde oy SlSe gy ale 485 " parinogdl dauST Jlowgil

IFAY Jlo VPV B VOA amio ) o)leds N F 090

RVow) ‘6.>L3—| p_uJL‘b e dow mob').,.o.;.',i oo ‘6:9.75 GA.J...: [a]
@l:ula O)'P JLM‘ sblf.m.ab.))“— X " ‘La)...l.c (SR >

Ehen oode i e Jaseg S 50 ALO;g (T Jlewgil
WWAF Jlo YA+ B YV damio ¥ o Lo 10 09 ¢ o Sy SuilSo
[10] Gupta, N. K., Tiwari, A. K., Ghosh, S. K., “Heat transfer
mechanisms in heat pipes using nanofluids — A review”,

Experimental Thermal and Fluid Science, Vol. 90, No. 1,
2018.

Y ehsS shido wowge «soled wopall Bib apw (s V)]
3 ooliiwl b (g j95 (55 oty O i (B3] adlliang
St S aghy ale 4,55 0l sz $la e pbMie s PCM
WWAZ Jlo AYY BV axas & o)leds AV 0,90 ()i
[12] Hosseini, S, sh., Adam, N, M., Azmi, Z., Shahrjerdi, A.,
“A Model to Predict the Thermal Difusivity of Aqueous
Nanofluids” , Australian Journal of Basic and Applied
Sciences, Vol. 5, No. 9, 2011.
[13] Yazid, M. W., Chesidik, N. A., Yahya, W. J., “Heat and
mass transfer characteristics of carbon nanotube

nanofluids: A review”, Renewable and Sustainable Energy
Reviews, Vol. 80, No. 1, 2017.

\vaa )Lerv YA GiL..a o)l.o.:: \ O)LMWJLMJ Ql)"‘ dfw6)9 oﬁsmwﬁbjﬁ—solc dafw.l

YA


http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://mme.modares.ac.ir/rdsm_jarticle_list.php?sid=1&slc_lang=fa&jart_id=5521
http://mme.modares.ac.ir/rdsm_jarticle_list.php?sid=1&slc_lang=fa&jart_id=5521
http://mme.modares.ac.ir/rdsm_jarticle_list.php?sid=1&slc_lang=fa&jart_id=5521
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/article/pii/S136403211731081X#!
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://www.sciencedirect.com/science/article/pii/S1364032117309115#!
http://www.sciencedirect.com/science/article/pii/S1364032117309115#!
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/81/part/P2
http://www.sciencedirect.com/science/article/pii/S0894177717302455#!
http://www.sciencedirect.com/science/article/pii/S0894177717302455#!
http://www.sciencedirect.com/science/journal/08941777
http://www.sciencedirect.com/science/journal/08941777/90/supp/C
http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://www.sciencedirect.com/science/article/pii/S1364032117308298#!
http://www.sciencedirect.com/science/article/pii/S1364032117308298#!
http://www.sciencedirect.com/science/article/pii/S1364032117308298#!
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/80/supp/C
http://www.sciencedirect.com/science/article/pii/S0304885317318814#!
http://www.sciencedirect.com/science/article/pii/S0304885317318814#!
http://www.sciencedirect.com/science/journal/03048853
http://www.sciencedirect.com/science/journal/03048853
http://www.sciencedirect.com/science/journal/03048853/451/supp/C
http://www.sciencedirect.com/science/article/pii/S1359431117317015#!
http://www.sciencedirect.com/science/article/pii/S1359431117317015#!
http://www.sciencedirect.com/science/article/pii/S1359431117317015#!
http://www.sciencedirect.com/science/article/pii/S1359431117317015#!
http://www.sciencedirect.com/science/journal/13594311
http://www.sciencedirect.com/science/journal/13594311/119/supp/C
http://www.sciencedirect.com/science/article/pii/S0378779617304121#!
http://www.sciencedirect.com/science/article/pii/S0378779617304121#!
http://www.sciencedirect.com/science/article/pii/S0378779617304121#!
http://www.sciencedirect.com/science/article/pii/S0378779617304121#!
http://www.sciencedirect.com/science/article/pii/S0378779617304121#!
http://www.sciencedirect.com/science/journal/03787796
http://www.sciencedirect.com/science/journal/03787796
https://doi.org/10.1016/j.epsr.2017.10.008
http://www.sciencedirect.com/science/article/pii/S1364032117314624#!
http://www.sciencedirect.com/science/article/pii/S1364032117314624#!
http://www.sciencedirect.com/science/article/pii/S1364032117314624#!
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/82/part/P3
http://dx.doi.org/10.29252/ieijqp.9.1.39
https://dor.isc.ac/dor/20.1001.1.23222344.1399.9.1.4.2
http://ieijqp.ir/article-1-668-fa.html
http://www.tcpdf.org

