E-ISSN 2523-0506
P-ISSN 2226-07224 Yaaall 0 Al
YOIA

2018

Vol.5 No. 2

Iraqi Journal of Industrial Research

\

\

Email: jjir @ joiir-gov.iq / jiir.joiir@gmail.com
WWW. joiir.gov.iq
Ol s delicall 3 ) 35 [ eliall yohaill y Canl sla (e ol
Yoyo udivy sy ool Auilagl) giligll g casl) o Bpla NIa 8,

E-ISSN 2523-0506

Vol.5 No.2 P-ISSN 2226-0722

2018 ‘

P

g ' Iraqi

Journal
of Industrial

;(j// Research

Issue by: Corporation of Research and Industrial Development
Ministry of Industry and Minerals
Email:ijir @ joiir.gov.iq / jiir.joiir@gmail.com
WWW. joiir.gov.iq



Yool o alall

A Leliall & ganlt 48] alf Lol

4 i el Alaa

RAL Gy
..1,'\.4; u.ul..\c Q.g.{g.na JJ".\SAS\ ..JUWAY\

J'..Uaﬂ\ J:\..\—A
Wl Saa Cpallslen

\

Al i

808 [ aaall e A8 cpall gldua 2 ANV
>3V sl el At [ Galaall g delial
) aatail) 3515 / s gy I Chuagy 3 =Y A

onskill g Gl B yila [ (alad) Ciagll g
dilasls daala [ Baa gl guid 2204
draly faslad) 408 [ b ajad) 2 ol Lo -Y
Ol
(5 i) [ag) ) Cran ) ae dia aad) -Y )
4 351800 43)  gBa g
43t agha g (5 Ldiad [ g daa) Jale dadd) Y Y
g
Gl [ daaa (3150 ae Gl gl ae 2 - Y
- LBla daala [oraa )y Glaad qijry a0 -Y ¢
bl
35 daaly [ ald uigy w0 f— Yo
Ly g [ il
Y gl oS ) daala [ Galse alug L2, o) — Y1
aadiall
@y AR g Al
A Gy e (s e ad) (pan e =)
el a S U Oy gl -
S G T3 (paama p =Y
A ala (33a dea) (udigaa €
i dabe Ao (uaiga a -0
plilS gl 2 Ay (5 5k 3 =1

55

PURL R FVIRVEN IR

Cald galgd) ae algd) 3 -

Glsle i) daal 2 -

Glaad G (uliy) L2 -8

SR Jada adlh 320

AU we bl ae jae 21

a Sl ae glias i e 3 Y

Ol aBlS Gala 3 -A

L ol 938 1 e [ palal) 22 ol (Ao 00, -8
doa ol 43Kl Aaalall [5aaatial) cilBUal) g ABUaY)

Jas A A8 [ S Ll 38 i 300 -Y
i paiicall daalall

polall aligl) eyl A0S /o8l adila a3 3 50
A3y daals [ A3 pal)

[lapall 4308 oS a g Pla lis 301 Y
3y Aaala

i) 2 lesa [ALIA dand Jlal) ae o) - Y
Apalad) ¢y 9 5all (gl Arala

I.\Mﬁ\J\J IBIEY Z\,}-‘S (o5 sl Jla Af -
day daals

30351 uaigh Sgma [0 sle Jual pluas o] -1 0
Ay daaly [ AgilaY) cilyiial) g

deliall 3059 /S s sl s 2 =N
dalad) ¢y 9 30 A8 & [osalaall g



EPREI
Lelicall & gal

e
bl gl Cusd) 5L
Olally deliall 5449

Y o) o A Y e oy - sl SNy e laY



deslial) & ganll A8) jal) ddaal) A i) cilaglas

(OIS auday (g g dlaa B olial)  ghitl) g Eaal) Bl / Galaall g dslical) 3 g o8 ual
i) Ja g

o A Aladll adse o 5 gliall g @ling ji5 Gl il agad 5 plainl 5 il B laiud (e ) (can ) alle apal o
. Acliall & anll 480 jal) sl B alell cling i olie  www.joiir.gov.iq
S g mmge WS (0 O iy alal) ling gl Gt i ) Ll dpalal) Gl ) 5 s g8 40D cilaladll L) o
ARl 3ea (A4) paa e A5 o Lo sadae anall andy oUbd¥) (e A dade Doy 48808 ) sy oalal) Can ) LS oy
pyac A4kl VY aas (Time New Roman) cllel) e (o pall dll aladiuly s (Microsoft Word) mosdll sl
e o g anill ae JOIA eling (e A8 5 (it all ) dalay o 5Sin | single d8lue | (st Ol siall Alls 8 Y1) il
(s A 3l 5ok e Lel sl i 2% word gl Adpear e
Sl o) sl e satie Y L) i fjir@joiir.gov.iq , jiir.joiir@gmail.com
Sliall gl g Gl 3L
Laalad) il jlaay) i / dpalad) 9 5l) anid
L ol 9l g 2 gladl 31 59 para
Gl - 8y / 4

s(Caaall) Lpalad) 43 ) gl) slac Cilaglas
el Gl (ysame e da sy B JS s AalS (ppde (e 5 Vs LS (e 3 5ana 2 (e llly ol gial) -
e Jay 5 Calanll 5 jall g ya oLl 35Sl A0I00Y) o a¥) Alla 3 CiSy (5 50OV () ginll
OsSi AUl ALK Lal 3 S Zgladl 8 s () 655 (<) Aalsy A padall SN (35, because, for, or, and, in)
Vo " adia Bsmne e "daal" Jie ClalS e o giadl gsm Y o cang (Jad AISH CilS 1)) CajaY) B ysea
el kil g g Abii ) ¢ bl aaa A jaa e G paids
ain s Gl lgie K3 Y A KV Bl il Al 8 V) Ol it G50 SlS Gl ol Y el and -
o Wl (sSys deliall & andl 48) jall ddaall (s 4in Sl jall e Jgasall Caldl )48 ) Ladlay Ly 5 dsala)
pafl) iy Gpaalusall Gfinll) 48 ¢ 301 A e alile o o8 LS Aladll a3 A5 ol Cndl 3 cpaalall 48
gile bl g 6 40285 1 Y chadd) aaa Ao slaall CObaall 5 alall
Al a5 il ida gl Gl dee e o sie SA gl Gald) Jas Jha lgie -
Ol elaud aay A0V dadiall Jaul & Aul el e Jssasad) aaldl g SV 3 ) 2 )00 gy 1 A g SN ol giall
éé&/dah Jadl) &3.'\ adai Y ;hﬂ\e@é _e@_'\;\}\_'mj
:Z\.aaw\ —
Axiliny sllaall Canll Calaal (e Lagall Llal prza gy o)) Gl e 5 4K Yoo JBY) e AadAl) st o oy
s o Ladall o i Vg aslaladiul g dleall
gie :hil) g g ddaii 1 Y Jadd) aaa

5ol AV ld LSl (&8 i raiy JAY) e dalite Gl o) ) dalay dalll () cAalidal) clalsl) —
_é.ﬂ.ﬁ;hﬁ\&}'ﬁ M\Y;hﬂ\e.a _L;AA\@P%}&;A\QM



Gl a5

il

d__adia

Jand) 3 sl g Aandiiouall 3) gall sdlaad) o jlail)

AEBUL) e

Glatiiiuy)

Sl gil)

iy S

iladd)

L ag Jlang Sl 5 ol Bl (6 a5 ol B S5 & SISV AR Canl) Al b

Lol L 3ale ddaii VY i aas iy Aiijas Adje e Jgeadll (pslie 0sS5 SAN A8Y) Jgeadll (g illiy 2l
A Casoalls Lead 55 (S dpe 8l (g slind)

OIS Gala sl Al Ales Bled ol oy Jsaal) 5 JSED Sy i) e Guliia JS (i s glaad) g JSEN)
Candl 8 da o) JISEY) maen () il 88 LAY ran s AT Jaae e 13 sale dsaall o Jal

a ol slae alia Aa g aopall (5505 aose JAIY pag Vg oS e s allaall ol p JSEN (S JSEY)
Ugeaia il & JISEY) slae) iy | (o geadll SV 3 Y1 JSEN s s Ul a3 13)) liliall 88Y1 5 i)
(el A VY Bd aaay JSA Jhud (B g on IS olgie Gl Gava zoad el Wl A8 Al (tif) g5 e
JSEY) aen 8 455 Clae ) @l g ral 5 IS &5 e 28N Al H1 ) slaall oy slie ) 5S5 ()f any

Jeal Jef B e Joaal) ol gie Lol ol ye e IS0 Claslad) (i ge a3 el 5 JS8 Jsland) i 55 1 ghaad
et Cung A 53 al) Jaghadll ol Jlall (e AR (grid) Aasel) Al aladiul Wi (3ald VY aaa bady () gial) Qi
Glas g o g sings @ale Al VY anay g Caiiall b Jia JS ol gie pdagr Jsaadl Jala 52 sa sall e slaall 56 58
Lol

:JALAA.A.“

dos H5lam Y o) gl Baaaall Byl o JB jlas g e 2Y IS 1A 5B AN Gl i uedl) G paliaall (¢S5
. odbaall I daell (40 %)

JS (G L [ ] Cmae Coms 8 O g saa 50 2 ke B s aa e S a8 5 aled) Canll Al (8 aad el ) joliaall i
s Adadll Jd g dlaadl diled aey (el A ) pua gy s lall (o) seh e s Canall Al (8 Al ) Gy il JAo s e
Jie Alalidia Lgany GilS 13 L3S ) [3-5] Jie Aladadiae il 13 4 pLall o) [2, 7, 9] Jie Allide e ilS 13 Lein
&l sas LansS ol Jie Lna)ll e abadl Jaii V5 &imn %Y0 e da¥ L e jaliadll o 5ia o) g [2, 5, 7-9]
O YU S il A g pSIV a8 gall aladiiad Sy Jaa 5,00 Vs A Y1 G sl s il g e laia) Jual 5l
a5 oY Ulaa 8 siall  Jaie gmali o aladiul sl Dia diimae 33l o) (ara mile pailad



B ) gl s
2018 / (AUl axml) &by gisa

daiall S
| O ‘7@-’:‘3‘ @\S@MLJM Jal_all 84»:\.43\.,.3&3.4 ..A..'\ﬁ.'\SJ @.-.‘M:'l

Jm)abé.qccgd@acjham\ ce}lu'é)'aagk ‘Zu:d;fwuw

12:rvereusenssessesssnsesssssenns Ao ol ool Alladl) L g g 3l aala gaal- € ulia)
U"’L’-" &bujﬁggcé‘}wéku‘)\ﬁ\ ¢dana (e G gdmu e

AL ddadf g0 & glall plal) (pa (Ualua ) g JSall culadll) Gataa 41 3)-3

v S (chlorococcum humicola ) udadal 4dlat)  4al
5o eslA‘j.AL.éA AT IPER WY ‘e.m\é-lec e s cu_ujﬁa.,u.tsg_u.o

Goadll Jedi dllad g Al b AW Cop (e Adlita 380 A8 (i il -4
¥ 8 eereeeseesseesneesaeesseesnsesssennesnesseens chlorococcum humicola «ulak! 4.1<!)
e 73ha 26 ) laludl (g3ga aal )

L Al Balizaa BalaS Jadl) aliiiees Alled 4l g Ciua 65 g (adAGL)-5
38ieurererneereesnesesssessessesssessessessasssessanssssaenes A aeall 7 A (gl dppsal)
¢ Oland e alil ¢ Guualdl de S 56 S8 gl B ae ¢ aba glalu Jlea
o) (s alla ¢ deadl e 20l lis

%(®) Al dsa g % () ©) E (el (3 samnal Ayl g3 duS 5 bl -6
B.n.eeererrereerersenessesees Gl gall A liall 3l 55 ZUlY) (el (Niigella Sativa)
.laueﬁusdcé\:\.lacuic@j (dana e-mlAJAM

L S b sial) & ATl La Bl fall o gliall apasd) = gha 33 435 -7
?Lﬁécwﬁcw;hum\ c)t\.m&_'o.)UC)éc)ngJc ¢ danda 2a) gl e 2
Olue 4l e (3558 el ) Gea )l e Hlie caniallue (i S e







Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

ISSN 2226-0722 m

Iragi Journal of Industrial Research

Bl A3 gl da glaial Ja) pal) Basaia da gliia 34T g aranal
bae pali  Sa ¢ s3ge gl danl ¢ a sl jen Ole ¢ A01A daad dead”
il g soaniall 48Lal) & gas S ga i e livall yohill g Cinadl 508 o oleall g deliall 55 4
Gl eolai
*energy.environment.center@industry.gov.iq

Ladal

Cin gl 3 ¢ pllil) aile Jadald 8 puaie A3 )y cand g Adlide daa A oy pla 8 Al Alad il A glate ela) Al o
(R-134a/R-410A) il aile Lagdas das G gl 55 a4 ¢ (30 °C) I (20 °C) o (2l bl 5 ) s a2
s belia alaaiuly Al dlabiiai) gl dashie ol & Llae & suagall 4l 0 (= 215, (60:40) S (20:80) o=
dan o) Al iy | sk dlald g elall ) sere Ay EiSa e gAY Glaaall e "Bliad ¢ 3y 0 (21) daw asl g
& (20 °C) o bamall 51 A 50835 O Sus Al ) m Aa o e € IS5 55 il sl 55 s

& Aaidia 3l a da ) e Jpasll (-1 °C) A (-21.5 °C) e oaall 3l s da pn glasyl M g2 (30 °C)
i) wilal 4 ) ) dpuail) (aldas) (o)) s ¢ i) wile Sl 8 (R-410A) il pile i 3aL ) e Jae jaall

dus Gual Ol g1 ¢ (<18 °C) ' (-21.5 °C) e a3 1 a Aa o gldi )l (M 525 (40 - 80 %) = (410A R-)
lad 4 5l Al 3aL ) o) « (R134a) mlill &l (20 %) 485 dwsis . (80 %) & (R-410A) i) ailal 4 )5
Aie (0.59) S (0.37) e @iyl el Jelaa o)) Eas ¢ 3 02l g1a) Jalza &t o=l A gawi (R-410A) @LJ\
3L ) A 525 (R-410A) adled 4 ) ol Al 30l ) Jiaalls 5. (40 - 80 %) (= (R-410A) i) pdle 4 (alias)
33 (M a5 @l | (20 °C) gsbast (o )la Jama Bl ya da )2 2ie (1250 kPa) Y (1050 kPa) e adall bz
ol g gl i (s L) R

3ol e ¢ Al L) @l 50 el slaa ¢ Jaljall Baaxie ddaliiail (il glaie 3 Agalifal) cilalsl)
2018© Corporation of Research and Industrial Development. All rights reserved

dadial)

Olad) Aal )y (BsaT e "Dl L AL gha saal A3 V) Jads A e Gl g Uil (g3 Aaall o glall e il ple ey
g Uaiasl Baaedl & gadl DA G g ) e B i) ale ye | 55U 55 el ol saW) 8 Chll Al Al 58 8 YA (g
Cae) ) ) s daeliall g doaall clinlaill & Lealadind (i jal dmidie s ) s Gilaa ) J gea ol LasY)

Loy (Lasall Jaiain) 2l midie Jain sa JsY) ¢ gplaia G a5 Tl Als ey i) il e slaie Jand
O G OIS WS (5 Al 3 ke sl ¢ DB alarazall cp @A) (S LS A glaiall ool Gy s ¢ (S daruz) aal g e
3 i On Gl e el (S aaied A shial) 30l 5 il das () g1 L e Al 5 S B ) a0
oSl 5 8o lasl) 5 Amid) Ll (3 ) ) ) LalSd ¢ (Lagd 3_plalial) Ja gracal) Gl ) judall 5 Cadical)

)l dad ad ) M daladl o L) ) S ppaiill 5 S S H) s s 5o G L BN 0580 Aalald) Gl ey (8
Sl b Aaiiies ) a Gl e Jsandl ) dalad) can 5l ¢ damal 550 a A 50 (e ST ()5S Gy (RS
alhadl L5 (<40 °C) 2 sl 3 ) a da o daai of el 3l 4503800 o) gall dpend ailiae @lld Jlia | Lee oY)
Ale 0S8 8 il 5 ) s da )y Gldlie o WS (<150 °C) Y solall Ao Jaad 38 <l el Jawal g ¢ AL
Gl ghaiall aladiul sy oy k) olss;a.‘ué . (Heat Pump) 4l d3aeS mliill dashaia pladiul die La gpad
cmmﬁd\o‘)\)&h‘)dua\su\):ﬁuuﬁ(l)dm‘}&&ﬁ}@ﬁ@ﬁ\)&(bh\}k@\ﬁ;ﬂ)%i@cy‘
3ola Aaay A Gaweat s ) s Aa 0 33b ) 5 (Throttling) 2l il sal ) daa o 3 ¢ 230 il 5 ) s da o
Ol e a3l a3 daiS 5 laelall Jalall Sl e il anall s Janall Jalall jland) 4aS g e Ll (e el Slad)
ila yoy Ll A shiia (COP) elal Jalae (il Glld (e iy s JliailV) il gl )l pe Glaiddiins e shaiall (g 58
(-30 °C) 252 ¢ Lisa¥) A gl il o) gy Alalall o shaiall (8 jaaall 51 o s jo 0S5 ale JSy . 3aal
31 Aa 5S¢ Tl ilayay Alalall Cle shaiall (=60 °C) s st L) (an 8 ¢ Aoy Talai¥) il il slaiall
Cda) e GO Jalacai) IS 13 Gl e JET )



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

a3 L shaiall 2y 35 A (e 138 5 Ban) ol A shaiall 3 Aabise 5 ) s s o b ) Aalad) (685 g Al il b
SJ‘PXAJJJ.\QQ\M\h\@ch&éﬂuh}y\emd}dd&‘LMEJ\P&AJJMMJSMAM‘&-}\M‘L)A
o Jia 8 Clalidl plail (30 °C) Bulua dae i AV sl addiig (s b ulall 8l (2 °C) Ul

. (Multi-Evaporators) <l il 32aaa 3as) 5 4 shaia aladin) adall (e o5& YA

& 5.5 Py, ASHBUAE Trmsnctioes: 1968, Vol 04 part 2
1=

v ] II
10.00— } i /|/ /
900 : ; e
200 A I+
o) vy ¢
2 500 = /.'/ Ry
@ ALY
B 400 4 :;I_};j\ LA
e, | II
3.00 S 7 _4_’r4_f
AT
£l :._..f I| ‘,-“: J/ ,-}‘
2.00 ! I’.-" I / f l,-"'f I|
= | I i | |j | .
i | i{ .I I I I| f.'l 1]
| { IV AN R ||' 1 1y !
1.00 - _tf b;'/JJ-‘Jj-" J'ch{ 1AL i
9 - W IR VANE S
0.80 - i S o Y e !’ f f{
070 | WL oSl el
0.60 -7 7 [ J;: AT = et
0.50 L 'I | 1 . |I ! Ly | L Il o i
- =010 0d 030 030 o050 0B oo oko " obo
5=100 120 140 160

140 160 180 200 220 240 260 28O 300 320 340 360 380 400 420 440 460 480
Enthalpy [kIkg]

[1] Adlida iy CiiSi b gy Jard b i 394l 5l uad) 5 giaal) i) hbda (1) JS&

J8 e biall Jadi 83l ) pag ¢ ppdill Jaraia g CaliSill Jaria (g (38 L 1 ae (2-1) e biall Jadi 30l 5 (1) G 8 das )
[2] . 55 £1a) Jalas
S adull 5kl e aal alasiinly Acaitie s ) s il o ) J sea o)) Al Ja (S
multi-compression systems — Jalaai¥) saaeia Gl ghaie -]
multi-evaporator systems < jauall saaaie Cila slaia -2
cascade systems dalal Gl shaia -3
e sa A Ay Al Ldlail) e slaiall ; Lea Cpand ) andi A Lpladll il glaial) e A Gandl S
AV el Gl shiall ged 0 SEN g gl Wl ¢ Bl ddle Lgh adiiuns ¢ Guhill £ caa S) ) cpheln
DS gl s el Jagls a0diui 8 € J V) (e alias (15 aal 5 Jae Lia aladinly 0at 5 Auto-cascade system
Gaob oo LDA (e gl Y sda (e 3L (S . (Zeotropic miXture) s is) baldll & o) byd e
(e ¢ Anmddia alle dx a5 (Al 5 (U il aile CofST 8 Andl je alhile Ax ja () oS5 () il aile aa) alodtl
30 It lin (e e shaiall (5S35 ¢ Janl Al ila el A shaie (2) IS G i) dplee 8 A1 il pladiad o
¢ JSal) b (2) Akl LV (R-1344) gl gile (oS5 b 1 (R-410/R-1348) il xile Lals 4, baimy o 58
Lis @Sy (R-134a) sl 4l 551 all & ks ¢ Jle Jarca vie W ) MW SAall i) aile lan JAy
Ll vie ES) o Laldll 7 A0 ¢ (R-410 A) il ailes 43 Jlie &adi ye 4l 4a 50 S (R-134) ol e
e (3) dadil) vie skl Juald "l aldll JAy | ((R-410A) Ulsas (R-134a) mfill adle Jibe JS3 e Jl)
ale dilus ol s A ¢ (6) Akaidl die eV e (R-410A) Bl wile Hli any Hshal) Juald 5 ¢ Caimall iyl
&L oloall daball ) Jany ladey g ¢ (5) Akl vie il adle daaid ¢ (4) Al die JawY) (e (R-134a) gl
Jsair (R-1344) il gile 0 s (8 (R-410A) il wile iy aiSh (R-134a) gl adbe o sk () sadl Jabaall
adaill die (gl all Jabual) (e (R-410A) il ple Jilas z Ay o5l Cadll o ) aadd (6) ddail) aie sy )
e G dsatg ool desdl Csd Janall N diay ¢ 43 )) s da jo g adaris (ddid BN aadl) plea 8 2200 (8)

2



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

R- @ﬂﬂ\ o PPN RENV T dlaall o2 (ge Cargl o) | Laeliall M) aia g (1) idaaill yie (R-134a) C_df\ﬂ\ e s @Lﬁ:ﬂ
434353 @y JAl Acaddlia (R-410A) @M\ é}LA uL“ﬂ:; R;)a u\ C_\.\;J (Aiaddia '5)\); QL;).J L_A‘C d}.m;\l (410A)
plaa Lﬁ‘)‘)ﬁj‘ Jalwdll as Al s )b ) | (R-134a) L;y\.ﬂ\ @ﬂﬂ\ &l i) Alaey psg ¢ @J&\ ;\.}QJ\ plaaiuly
1Al aeliall alae Gjl.ﬂb_g skl dmbgﬁﬁgj\cauuj\ Lﬁd}gLAAJ}H\ dmkﬂ‘SBI‘.A}JAAJMbJ}J]‘ OS Gl latall
KA ) alad 8 c:\hﬂ\ &l e Cu 3l J e w3l Alala PRE Y
® R-134a Vapour

¥ R-410 A
Condenser.  vapour J R-410 A liquid
i
R-410/R-134a @ EX V2 F
@ @ Filter drier
Evp
R-410 Vapour :
ﬁ R-134a Liquid
@ R-410 A
@) vapour
Oil back to Phase
compressor separator )
Compressor
R-410/R-134a

Auto cascade Refrigeration system

[3] 4l Jal pall Basaia (31+) gralii da gliia (2) JSi

Ol a8 ¢ Jladdl s (8 & gadll (e 230 (it J5) S35 A0V Aladl) mlidl) A slaie cpfialll (e paall (a2
Galdl a3 5. (Joule-Thomson) Ll ae (3l 53 LaaY) bl @ jle saclE 4l ,n [4] (M.Q. Gong, et al)
8aaeie Aghaliail il dagliie gb ¢ 40BN Ll ol skl Juald (50 dpala¥) cleshaiall @ oY) Glashaiall e e 58
Jlasind Alla 3 Sl Lol G 3Kl Jal pall 0350 Ga gliial) o iliill iy |l shal Joald e (5 5a3 Jal yall
O L) gl cad) | Akl gl e cila )y @y Wb alasind Ala d elal1 Jiyy ¢ Agllad) Glladl da 0 ity Laidial)
Sie Tl Jlaaiod Ula b G ¢ el Jlad) Lidla Janiods i 3yl alail apanad 8 Aagall ol 8 5all (e @l sall al 53
[5] (YUHua- osialdl Ll | ela¥) 45l (565 (Ll shl daald gl ol o)l skl Juald (g sad) 3 o5l DS
=il 2ile Jadd aadind Al Jal jell saaeie glil) Sl glaia (e ) g3 AW ) seaa ming and XU Yan-Sheng)
Q}))gjitﬂ; ¢ :A;)BJ\ BJ\J;.“ :\;)J ¢ elaY) CJalaa ¢ EJ\JAJ\ :%;)J JSABM\ Jal gadl :L.u\JA Cudl g (R134a\R23)
(Rajinder Kumar Sidhu et al) ofsll) o cos (A saaall 3 s da )y pad die GlINS 5 deatiall adlal) ABS 02 Ladie
A3 gl e gl (Fuzzy) diose Jlaninhy sl (e glill aile Jaglad da jlall 550 jall 3 j0 (e g paily | 54l [6]
2.%3\ gahjug @w\mew\ zm ol sy @Ls..g:‘;c\ ‘;:_Jaug\ Alasiu) iy Glashatall 33 o) | adladl
il A shiie 8 (R744\R290) gl et Jada Janias) | fanall Cany Y (520 1) ) g )l om0l alia)
Lot ) g Jlasinal 35 Lagle o jlatiall o) oY) anaba ge 4 jlie dynd pai JS) CilS el ghaiall ) Al jall i 5 ¢ gl ileS
3el€ 5 laa saua Jalicad) duns elliad dadaty) ol Al Al o | eaitiiad Gy 10 hp (7.5Kw) e JiS) 5508 b dalaa
e Ol e Jantial Ja) jall 3205 4a shaia (D.Parekha and P.R Tailor) [7] cballl & 5 aea | Alle diana
8ol sl JuEl dalise G 4 lad) iy | (R410A-R23) : S5 (R404A-R508B) : Js¥) gl ol s Laidla
dan Ll o ans ¢ aame sl ¢ iyl it i (e staiall Apuilly (o) yad) Jaladdl ) Al 5 S 5 il
‘;\ C\:\;ﬁ (R410A-R23) Gﬁﬂ\ @LAL&H PRy u‘}“\_mj\ BJ\); Alan) cilaliad ‘)g;_\ﬂ\ I BUBES :\;‘)J} A_q:ﬁﬂ\ 'é)\);
38 3 jall JUl dabue yra O 5 (RA04A-R508) it oaile Jadiy 45 gadiall da shaiall (e JBl 3 ) s Jl&5) dalis
8l U Jalae o)) iy il (), Leland Al daliall jaaa s o5 sl duals (e ST 5 dians ) 5 dpabiaél () 3 L) Sing
ez e dashaiall dal je 02e il (XueliNie ; et al) [8] wsialdl (0 . (RA10A) 4de st L L) Lily (R23)
dﬂb'&)\)&&;)ﬁu\ M\).ﬂ\ Cing &\ﬂ\@b)@ﬁh)@}%dh\k&@%)@w:\u\Jﬂ\ QJJSS}:*\.AJL.\A\ ¢lal
Caai IS 5 ¢ (2203 alana) 3iall 2y il lee Jilad &y (150 K) il s 38 (5 L) daws <13 A1 2l Jlas
524 hrs) ) zlisg da shaiall o) & JLEAY) il Cu | da slaial) ola) e il ailal Jadad d 5 ol Al s Al 5
B )5 (150 K) o) (290 K) a0 e A1) (3 (s 58 Jslaall 550 all da 50 6 da g a3 (S "Ly & (12min
3



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

03035 (Xiu) Caldl Gy 5 aaa (7 W) 53 daal 2,0l 4o ()5 (-120 °C) (& el doay O (Sar 30 5 A 0
a5 al) s ) s 1 (s b Jlea) Jad D) A 50 e Allad i 60 el 5 (o g Ayl ya3 A shaie [9]
b Andiyall 3 ) all A 535550 ae cain ) Ui diaddiall Bl saldl A 50550 Jandi Sl iy Apalal) Als el aa g
Clal S8 Cra LS Aumiaiall 5 ) jall da 535y sl Jiial) Jundil (5 san A yadl) il 555, Jiiue JS0 Ll (Ko
dalyall 45zl dashie (TianZiao,ZhagHua) [10] caldl asa A oadll 55l cla¥) Jalre Gruaidl dliaia
a2l Glane §) 55 Gl sall (A & LAY @ S 856 o) L (R23) wdldlls (RAD4A) gl wibe Jaxind
Clls 8 laa sadll 5 il ) L Aasy o) ja) e 0585 A glill 4 shaic JSLa o5 (-80 °C) 3k 3l ya a0
- Jsire JSGy S

s nall (e Chagll

pra il oaile aadiis 5 ¢ Ay gall Blpall Cag b 8 Jaad A Al sl da st ool A )y A sl Canll Cangy
(2 1) daw gl A shaie sl 5 ¢ (Zeotropic mixture) s xsn) mlil dle e J paall Lima cady Lalas 5 444l
85l Jalsall Gy 5 ¢ sl duald s (5 ga Jabias 230 (abana s Haaas iS5 () o Bt b lasind )k e it
dasnall Jol gl ils sa s geilinl) LS 5 dply Cilyinie S5 e il (o patien s A0Y) dplail) i) A shaia ool e
;\.A)L.\AM e lal sz‘:

¢ Aplal) e slasall g ylail) Julail

‘_g gl BJ}J]\ el al (e e J :LU\)AJ\ LJ\}“J‘ gl yal & LSJ\JAJ\ &AL\.\AH dj‘}“ uj.’m\ ‘;c Aaie Y A %)
LSy ¢ bysall b il aile JI€ ol 5 il 5 S da 5 Jaeliall b Jshaall Jacil) Gl oSy (2) S
:[11] Sl

s Tt Lall 8 ASlgtall 5 i)

S| RSETEN

. (W) e lall ‘f iSlginall 3 yall :P:nmp
. (kg/S) Jaeliall @ Ll c.\l‘.'\ﬂ\ @LA.L:.\X; < :I'hi
(KU/s) 531 le Tt Leall a5 A0 5 sl i i) il 5l sindl chy sy
» AUl Aalaall (pe ounid CEISAN (e 80 g jdaall 5 ) jall Ll
Q:Dnd = rhi' (ha - h:] ......... (2)
ST
X (W) Sl (e 32 5 yaall 351 yall Qeong
. (K\]/S)ébﬂ\‘_;cUM\UACJ‘)J\JJPJ]\J.u:@m‘@wtﬁ_)\_)ﬂ\&}u\ :hE Jh:
k) (ol )l 35

;Q\tiu;

r

. (KQ/S) 55 Jenlil L1811 il pie Ll 41 o1,

- (K/S) 5kl Josld (hn i ), R-AT0A. il e S - 1,

(kg/s) Lshll Juald (10 4a Al R-134a glidl) adle J3S o1,

| (KIS) 5Bl Jomlid 101 il il Lo (5l s sl o

- (KJ/s) skl Juald (e z lall s R-410A gl pild (5l jall s siadl : hy
. (kJ/s) skl duald (e da jAll R-134a il pild (5 ) ol s siadll : chy

el dalaall 4y ) el 45 ) gall
mg.hgy + My h, —mghg —mg.hy =0 4)

;Q\i\.\;

-

C(Kgls) oAl Jaledd) e da a5 s (R-410 A) i) aibe JS : thg 51,
- (Kg/s) ) oall Jabaal (e A a5 sl R-134a galil) @il (5 pal) (s i) : 1 5 1ng
- (kI/S) sl Jalaall (e z all 5 Jalall R-410 A zliall wilal 551 all s gl : hy sh,
- (k/s) ool ol (g z Jladl 5 Jalall R-134a il wilal 5 ) padl s sisall t hy 5 hg
- All) Aabeal) (e et o) (S JAaall 4y ) jal) dadl
Qevap = rh'}' (hil} - hl}j ...... (5)



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

™

jo\g_\..g;

. (kgls) sl 85l R-134a il adle Jayla ALK i
 (KJ/S) Al Je saaall ez g Al Jsaall vie R-134a il pdlad (s ) yall s sisall hyp shg

+ AUl Adabeall (e crwnnd 3 gall el Jalaa Ll

ohand) ¢ 3l

O A0 LA (e (S i (2 1) s Ailacie Aolaliail gl da slaia sliy o5 Al el da shaia o)) Al 3 (yim jal
s b lae eatiie IS o slaiall () oS5 clgilal o il aile Jadald 5 gl Al 5 A LAY <l yicial)

Ll Lasal laeLaall aadind 5 ¢ shll gala) mlli (2 t) 4= (Rotary compressor) 5l se helaa jidl ; laeliall -]
. (R-410A/R-134a) glidll 2ile

s O Ay lill daghaie JOA Al gl aial Led i3l o) giaY <y 3l Alald aaais : (Oil Separator) <w ) Alald -2
gl 5l ¢ (11 cm) ki 4l shaud ce 5 ke o3l Alaliy ¢ 435 je g lall ) <y 3 53 el Wile 06 a8 shal) Jual
Aald (e el oAas ¢ SleY) (e e liall iy Jasal) maliil) afle Slas alivn sl e <y 3l Alald (5 925 (26 €M)
) a3 5 3l ALald Jiad et A5 ¢l e AT bl il i g5 AL e e Y 3l
RIS plaa e Lelall

Sle g Al g e lall e & gane pe dfen i (g pudll o) 5ell 3y @iSa pa3%u) ; (Condenser) s -3
(4) e Ao 35e (9 MM) ks Ciie Jo sl (16) (e S G585 ¢ (220 V) 6 Gt skl Aplal &) sae da s 0
bacf (8) 5 cia

Giabia (25 cm) gléyl 5 (8 cm) Lkd daulas &l shanl (e Hhall Juald ) <5 2 (Phase Separator) s Jald -4
ST Glee 3y (R-410A) @il gl Jas g (R- 134a) i) gile dibs Juad sp ) shall Juald (g0 i 201 ¢ Ll
B il

(R-410A) =t ailal 4l (&8 Jae 5 5all 028 & (5 )l yal) dalaall Jary : (Heat Exchanger) o) o> Jaball -5
Jalaall 5 ¢ pdaall b 2aidl L 0384 (R-410A) il gile i oy S ¢ (R-134a) il el danilly S 5
. (30 cm) sbn S Jshs (3 cm) 2la Lhi (Tube in Tube) cplalyic o el g 55 (e s ) all

(1 t) 2~ (Thermo-static expansion valve) ) s 238 wlaa aladiul o3 : (Expansion Valve) i slaa -6
e Jil saadl G alaall 2335 o 8 ¢ s lal) dabd) Jd (R-1348) gl aile Jile aaal J V1 a2di) | a8
. &l U8 (R-410A) gl

delival ardiiall gVl Hhad IS5 (Shell and coil) 4 skl 5 cala g 53 (30 j3ae aladinl o3 2 (Evaporator) s -7
gl 5 (24 cm) ki culké Caldl (55t Al &l g Wl « (100 cm) s S Jsba 5 (12.5 cm) s sbow <alall
Llae pia dlaall (3 ) (3 And) 03y e 255 pals ¢ (18 L) Ay ¢ (28 cm)

e (e elall 3 el ST (3) JSAI A ase WSy Aaghaiall 8 oSl Bae Bl el Cils ja g akall el -8
G5 Aastl g5 e i aplie Clddiuly (Sl dag )l (8 baall (W8 S Cus (Pressure Gage) ekl
4l (18 bar) ' (0 bar) o« 5 S baall 40l (35 bar) (0 bar) (= ol 2 (Bourdon tube)
(R-134a) Ja) 22l slasal il Jaiuall danilly (35 bar) Y (0 bar) G5 (R-410A) il saail plowal il Jaial
. B sl laaall (18 bar) ) (0 bar) ¢+

e 5la z 933 S 55m0 (K) g5 (Thermo-couples) 4l s Cila 93 e Casadinl ¢ 3,0 all cla jy (Wl -9
A lala )

(5) el Adlay) Glialall e 20 e A5V udladll il 4o glaie Gisa : (Accessories) ddlal cilials 410
Baana Sl b il adle ) gl b jra i ad gl Aala ) (3) oo "Dliad ¢ Ailaal) (a2 Y A sy Clalaca

s il DA w8 il ¢ ) AT ) ciliay o (2 hrs) el da slaiall calind coladll e R yad JS
AUl G yardall s ya ¢ A glhaal) ciled H8l 3 ¢ Lo grasall 95 ) jall

b LS5 (R-134a/R-410 A) i) aile Jadal i 55 o Zay )l & 50 a1 el aile Jaalald A ) daasil) il
M5 ) She A3 5 5 Aansi S e Ay Al Ca g Bl 8 5 ¢ (60:40) 5(50:50) 5 (40:60) 5 (20:80)

(30 ¢ 25 ¢ 20 °C) (ot 5 Sl gl (i pai A Jla g ol A0 a5 A ghaial) ool e A jlall oyl il -
saall A ) sl Al Leind e ) 5 da slaiall e 8 ¢ Ayl Al e dan Al Cag plall 5l Al 53 e el any
C(4) S 8 (e LS danlie Ul <l dlas Canlily g 5 5 "Ml Colarall aaan e e shaiall el o



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

@Temperature readingi

. Hx (@
Pressure reading
Condenser. —.
@ EX.V2
&) Manual valve
‘ Evaporator

®

Filter drier
Qil
separator @ : |
Oil back to Phase ‘
Compressor compressor separator

Ay Alacl) geatisl) 550 Ao Jariall g 5 adl iy 3 Gubd (S (3) JSi

AY) Aglal) golitl) A glaial A1 2 4308 5 g (4) S

2\...':.51.1.‘1\3@1:&\

Laadly ISl JMA (e chalbiaai¥) dpi s adall g canadl 50 e s e o Jlad) Tamall 551 s da o il (5) Jall o
il aile oS 8 CatiKal) 8eleS alad) ) elld G 3 pan g ¢ il aile a3 ) pa Ay 8 "L el el )
@ﬂ\ﬁ)\ﬁh)du'auii\hﬂd_jw\.uedﬁ\g)ﬂeﬁmﬁéﬂ\@)w\;\)@J\B)\PaéjdtuﬂJ\ca(R-]_SL].a)
BJ\PL;JJL)'AGSJ\L;ML;J‘LMc‘)A'.}A\#th\EJ\)&\@Su'A&\GX\ﬂSSWJ}H}c@Jﬁﬂ\é&)&.ﬂ
Jbeai¥) A (aledsl AN g gl ailal aeadll 350 s da jo paledil g ¢ i) Jaral 3 plaliall (avesill
e s e il S i Al adall 3 ) e s 3 aladll cay

L g pan (8 "ol ) Jas o3 ¢ s gl Jaaall 5 adadl g ol o srca e gl 550y A o il (6) JSA o
o\wk&bﬁ&\@i&&\h}ﬂﬁjcLﬁ)&]\¢\}@J\E)\);&;JJ&GSJ\&A&J&M\B;GS&E&J\%cE‘)}Aﬂ
el a8 8L 3 e JB 0 5S5 ad) Jasaa 8500 )

3 A )3 s o) e s e Liall Jacdig (g i) L8l (e S e o LA Jasscdll 5 ) ja A Ll (7) IS8l (o
D) B a A ) @y G Al 3l a dan e 1S M S Tl 5 5) ga A o) JSED (e Jan sl ¢ paadl)
(300C) g}uﬁk:}u'é‘)\ﬁz\.;‘)dm(-ZOC)‘;.“(ZOOC)Q.;}LASLM\BJ\)A:%._AJJMG(-ZZOC)L’?}\}AL}A

6



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

uJ‘ (0_37)0-4¢\J\J\ JA\;LA&LASJ\GJ\ L;J\Luc.kg;d\ﬁ)\ﬁl;)é&uﬁ)\cﬂ?’)}ﬂ\ ¢lal dA\;u‘é_% M.L:A}jda@hj
2ie (R-134a) gl aile A & (alidsl dlla€ ¢ (30 °C) (A (20 °C) i larndll 5 ) o 3 2 g e ) ie (0.59)
LM\'SJ\)‘.A:L_AJAL)'ALAM\F_HA\E\M&\J\@)}\M\EBJQ}Q\ &Q‘MGM\BJ\‘P:‘._AJ.J&&J‘
sl il Al Wl el ) AL A3 sl Ji5 UL 4SS (R-1348) gl adle dwss 3l 5 o Jlal)
oalaas) ) 6 Lae geliil) aile (3835 Jana (A AT "Lialads) (malddi¥) 13s caalia 53 ) all da )2 ol ) e 4aleds) Jas
BJ\P:\A)A&LASJ\C.A;\JY\ d.ALxAtuSJ\‘H\ gl a1S 12 ch@\@uﬁﬁb&wﬁjﬁé\m)ﬂ\w
AV Al i) e shate o) Sl il wile Tald Apusi i Al 50 Candl 138 (3 3 (A Laal

O G (e Jas 130 5all 5 )y s jo Calitad jaall 3 ) ja da ja ozl adlal 4 5 1) Al a8l (8) JS&l (pm
8l A o (bl Cannsy lld g 3l 5 ) ja s 50 G (mleadl aSllL (5ol (R-410A) qalil) ailal 45 5 sl dpwsil) 53l 5
¢ JSS 5500 610 e aal 3 (R-410A) il aile (= b M 63 Lea (R-1344) gealill) gile ) A gealfill aile (Ll
il ailae A8 jliie e Haaal) ) A )3 8 g L)) Jas 51 (R-410A) i) dlad 4 ) 1) deaill (alédl s

e pal sa glork Ba o1 (R-134a) gl ailal 4 ) 6l danill 330 ) ae ¢(R-410A) il pile o 4l 52 (R-134a)
3)\).;:\_;)3‘”5.533\_3)(;\ el @J&\L&Aﬂ\ﬁ)\ﬁ&é)dﬁﬁgjo\ Lan) &l Ja uA.L:;)S ¢ 3)}&” elal (_Ac C.}Sl\l\
(R-410A) il pls e (R-134a) i) aile (1o 43aS 25m 5 (M anall 3 9my 5 ¢ i) ailal 4 ) 5l) canl) avand Haall
Al b

llla JCl) (e daa o] sall 5 pa il Caliaal CaiSall 5 50 ja da s Gle gl wilad ) 5l duall Ll (9) JSa oy
(R-134a/R-410A)(40:60) (s sbwst bals G J sm s () cdaranall 3 ) ja il 53 alind il 3 ) ja A )3 30k 5
&V (R-134a) it pile i 3ol y amy an ol | Jamall 351 s il o Caliaal CafiSi3 )) a A o el baaie 5 Al
uﬁ\ﬁj\ﬁhjdé&};lahabu\ujh (40%)UA)35\

Aladle (Sl ¢ gl 5l s pa Calind Soeadll 5 ) o Ay (e gl plad ) sl dl) 30 (10) JSal G
@m‘ éLAEJ\)A:\AJJu\ ‘r“ cﬂj.lk_u.uA)a_)} (R-410A) c_ll:\ﬂ\ éLAa_\mua\A;J\ &A)J.@A.\j‘ EJ\JAE\AJJUABA.:\
2ie (R-134a) ol e duwisalyy La gl (R-134a) i) pile 3l s da )3 (e S) (A (pae Jaiia 2ie (R-410A)
) aile SaeaiB)) s A )y sl

O ISl (e Baa 51l B ) e Gl o Calidad cand) ) e s o o el ailad 43y 5l Al 53l (17) JSa G
@"'Mdﬁ@ﬁﬂ\éukﬁjﬂ@jj\@ﬂ\ﬁibu\dﬂ\Q:x,ah\ ¢ dgaliia Ly y81 S8 Al ) Byl js da ja &l
_M\BJ\J}Q@JJQ{‘_Bﬂ}&u&ﬂji@)&\hﬁﬂ\i}ﬁh‘p&

O SN e Jan gl a5 51 pa il 5 Caliaall gdally o) dai e gl wilad s sl el s (12) JS oy
¢ el il Jadald A ) o) Aail) yuad me S IS Sl Y (11 JS8D 8) dipall ool 30 ja da 50 (8 LS Gaandll Lo
alaia S (5315 (R-1348) gl el i o) Aol 800 () 13 s ql) Jaim 6 U sl Liali) a1 (S,
@JJU&_\;_..J\ SL;M‘_;QL:\AAX\ Byl yada J:\SU:\_L;;)AL)SA\ ¢ (R-410A) C_\M\ @LALM&ALJIMW
) aile Jaalad A 5 6l il asaad adall g il akia (0 JS 3305 ) <l Jasmall 3 )y A jaal )y o) CZsan
aliail (SN (e dan ol 3 ¢ gl 5 ) a il o Caliaad Blrai¥) du o il ailal 4 5l danll 50 (13) JSa) oy
o) U S5 LS (R-134a) zliill gile Jain (mlidi) sy (R-1342) gl il i 5 o) Apusil) 53l 5 pro Jaliai) ousd

llo\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
100

95

a5 —4&— discharge temperature|

80 | @ — Suction temperature

70

65

105
90 —
75
—<>—  Pressure ratio
60

55
50
45
40
35
30
25
20
15
10

5

Temperature oC, Pressure ratio

0 PO ——
-5 T T T O A N s

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Ambient temperature oC

Jalaty) duud g éﬁ\gM\ﬁJ\ﬁ‘éﬁaJéulﬁ@J&\LM\BJUA%JAJ;‘G(S)M



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

L L L L L B B B L R B B
1400

1300
1200

B———E’/’//’/u

—4p— Suction pressure
—J— Discharge pressure5
—£P— Phase separator pressure)

1100
1000

900
800

Pressure kPa

700
600
500
400
300

200

oS P N O A A O A P U O P
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Ambient temperature oC

M}M\M\Jéjﬁbw\kﬂ.buﬁcw\ 8)\»19)4#13(6)‘5&2

50 T 060 0
45 Refrigeration effect ] -2
cop B L4
40 — 0.55
Evaportator temperature) - I
] -6
35 ] L
, -8
2 30 —oso | 3
< il o
2 25 & 7-10‘5""
< L
> ] <
g o 1 128
2 €
w20 — 045 )
4 14
15 ] L
N - -16
10 —o040 | o
5 ] I -20
P S T O O O Y P PR P PV oS

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Ambient temperature oC

SAsal) 3 2 A 39 510 Jalaa g el Jidg sl Sl G S o o ) Jasaall 31 a Ay o il (7) Js&

Evaporator temperature (0C)
S
T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T

Il Il
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Mixing ratio (R-134a/R-410A)

24 1 1 1 1 1

o
@

5B cila a Cilidal Al 3 ) ja A e zealfih) ailal 4 6 dpedll 8l (8) Jsi



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

50 T T T T

48

Ambient temperature (0C)

46 —4— 200C
—@— 250C

—$— 300C

44

42
40
38
36
34
32
30

Condenser temperature (oC)

28
26
24
22

20 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7
Mixing ratio (R-134a/R-410A)

o
=3

5113 1a il Calidal CRASH B ) a g 3 o gealiil) adlal 4 ) ol dpadl) il (9) Jsi

100 T r r
L (Ambient temperature (0C)

98

96

94

92

90

88

86

84

Discharge temperature (0C)

82

80

78

76

L L L L L L L

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Mixing ratio (R-134a/R-410A)

o
=)

501 Bl il o Calidial Sagadl) 3 ) e da o o i) ailad A 6 dpadl) 8L (10) U8

20
L (Ambient temperature (0C)
18 —|—@— 200C
[ |—@— 250C
16 ——&— 300C %

14 —

12 —

10 —

Suction temperature (0C)
T T
.
|
|
|
|
|
|
!
|
|
.
T T T NI N I I A A

0 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Mixing ratio (R-134a/R-410A)

o
o

5B il o Cilidial o) 31 dg o o gealliil) ailal 455360 Al 50 (11) Js



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

1500

1250

1000

I
Q -
<
© 750 —
>
7]
@ -
<} sure)
o
500 —&— 300C (High pressure; ) |
—<— 300C  (Low pressure) )
250 [— —

- —o
_ L
e

0 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Mixing ratio (R-134a/R-410A)

5130 A cla a dilidal adall g o) i o galil) ailal 455361 Al 50 (12) Jsi

Pressure ratio  kPa.
2
T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T

0 L L L L L L L
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Mixing ratio (R-134a/R-410A)

5 B0 A il Cilidlal bl duwd o i) adlal 4 gl daadll il (13) Jsi

cilalisnay)

s il Lo zliind Sy Lgaal el il dlaad) il 34 (g

. (R134a) ztill ailal (20 %) 4xidsdis . (80 %) o (R-410A) i) wilal 4y )5 A Guan) o)) -1

' (20 °C) (e el A p3 83l 5 Cus S IS Al 5 ) a da 3 o e A bl B ) a da 0 i -2

- (-12°C) M (-21.5 °C) 0o sl 5l a A2 glii)) () 525 (30 °C)

Cus @u\ éu.k:\li‘;(R-410A) c_g_\_d\ c.‘a\.o@d'&dl.}jén MM\‘;@ABJ\PA;J%;; Jpasll 3
e Al Byl s Aspn playl I gam (40 %) (80 %) o< (R-410A) il adlal 4y sl dpall (aladsl o)
(80 %) ¢ (R-410A) il ailal 45 )5 At Guaal ) Js8ll (S 61 ¢ (13 °C) I (-21.5 °C)

O a5y sl ol Jalaa o) 3 8 5al) ela) Jalaa (& (mleds) ) 258 (R-410A) il adlad 4 5 ol dadll 304 ) -4
. (40 %) ) (80 %) (R-410A) il ple daus (i) xie (0.59) S (0.37)

5, Aa 0 die (1250 kPa) ) (1050 kPa) e @dall baia 3345 (I (5255 (R-410A) eilal 45 50 Al 3045 -5
Caall cjﬂ\ ‘;LM O Bl A 30 ) é\ G Xy, (20 OC) é,l.us @J‘A.L.\M

10



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

J.\L\AA.“

[1] ASHRAE refrigeration handbook, 2010

[2] AmeerShukerWali ,”The Sensitivity of the Auto Cascade Refrigeration System To Refrigerant
Mass Ratio Change “, Mater Thesis , technical College / Baghdad , 2013.

[3] 2013 48 jall gl 45 500

[4] M.Q. Gong, J.F. Wu, E.G. Luo" Performances of the mixed-gases Joule—Thomson refrigeration
cycles for cooling fixed-temperature heat loads ", Springer /Physics and Astronomy/ Crycoolers
/ 2002/part12 page 523-530.

[5] YU Hua-ming, XU Yan-sheng" Design and Analysis of Three Type Auto-refrigeration Cascade
System", Shunde polytechnic, Shunde 528300, China, 2008.

[6] Rajinder Kumar Sidhu,1 Jagdev Singh2, Simranpreet Singh Gill " Simulation of Temperature of
R744/ R290 Refrigerant at Evaporator Outlet in Auto-Cascade Refrigeration Ssystem™, IJEST/
International Journal of Engineering Science and Technology College of Engineering,
Gurdaspur, Punjab India/vol3No.4 April 2011.

[7] D. Parekh and P. R. Tailor "Numerical Simulation of Heat Exchanger Area of R410A-R23 and
R404A-R508B Cascade Refrigeration System at Various Evaporating and Condensing
Temperature", International Journal of Aerospace and Mechanical Engineering , 2011.

[8] XueliNie ; Bei Zhang ; Dan Zhou ; Jiakai Wang ; Zhimin Wang " Design and Experimental
Investigation on a 150K Auto-Cascade Refrigeration System", Springer 2011.

[9] Xiu-fang Liu, Jiong-hui Liu, Hong-li Zhao, Qiao-yu Zhang, Juan-li Ma “Experimental study on
a —60 °C cascade refrigerator with dual running mode", Springer, 2012.

[10] TianZi'ao, Zhang Hua "Experiment of Cascade Refrigerating System for a Low Temperature
Refrigerator”, Institute of Refrigeration Technology, University of Shanghai for Science and
Technology, Shanghai 200093, China, 2012.

[11] W.F. Stoecker and W.P. Jones, “Refrigeration and Air-Conditioning, 2" edition, McGraw
Hill, 1982.

Design and Implementation of a Multi-Stage Auto-Cascade Refrigeration

System
Mohammed N. Khalifa , Alaa H.Sallloom , Ahmed S. Mahdi, Makki N. Majeed
Ministry of Industry & Minerals, Corporation of Research and Industrial Development, Renewable
Energy and Environment Research Center
Baghdad, Iraq

Abstract

The performance of auto-cascade refrigeration unit was studied under different out-door conditions,
and different mass ratio of mixed refrigerant (R-134a / R-410A). The outdoor temperatures were
varied from (20 °C) to (30 °C), while the mass ratio of (R-134a/ R-410A) was ranging from (20:80)
to (60:40) . An auto-cascade refrigeration unit was built for this purpose. A (2 t) rotary compressor,
with condenser, evaporator, and phase separator were used to build the unit. The experimental
results showed that, outdoor temperature has a significant effect on the evaporator temperature, so,
evaporator temperature show an increases from (-21.5 °C) to (-1 °C), as the outdoor temperature
increased from (20 °C) to (30 °C). The mass ratio also showed a significant effects on evaporator
temperature, COP, and pressure ratio evaporator temperature increased from (-21.5 °C) to (-13 °C)
as the mass ratio of (R-410A) reduces from (80 %) to (20 %) , while the (COP) reduces from (0.59
to 0.37) as the mass ratio of (R-410) reduced from (80 %) to (20 %) , while the discharge pressure
increased from (1050 kPa) to (1250 kPa) .

Keywords: Auto cascade, Multi- evaporators, Phase separator, Refrigerants.
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Synthesis and Characterization of New Compound of Esters and Hydrazide by

4- Aminobenzoic Acid and Biological Activity Test
Suhair S. Husain®, Abrar N. Mohammed?, Bayader F. Abbas®
Ministry of Science and Technology ,Industrial Research and Development Directorate,
2Ministry of Science and Technology, Renewable Energies Directorate,
3Al-Mustansiriyah University, College of Science ,Chemistry department,

Abstract

The present research includes preparation two mounted important compound, of Esters And
Hydrezied derivatives by using 4-[{(12)-2-OXO-1-phenylpropylidene]amino} benzoic acid (Si1)
this process completed by three-step ,The first step include prepare started material (S1) by adding
acetone to 4-aminobenzoic acid in ethanol second step preparation Esters derivatives (S2) by add
ethanol plus to 4-[{(12)-2-OXO-1-phenylpropylidene]amino} benzoic acid , third step preparation
of Hydrezied derivative (S3) by add hydrazine hydrate (99 %) to ester. The compound was
characterization by using (F.T.l.R and UV spectroscopic), also study their physical properties and
biological effect by using negative bacteria (E-coli, Pseudomonas aeruginosa) and gram-positive
bacteria (Bacillus cereus, Staphylococcus aureus), the results showed that the (S1) (0.254 mg/ml)
was the most effective against the bacteria used and the inhibition zone (15-22 mm), the inhibition
zone in (S1) (0.22 mg / ml) concentration (14-20 mm) and that the (S2) was effective on all types of
bacteria The inhibition zone (10-18 mm) while the (S3) (0.467 mg/ml) dissolved in water only
affected on (E. coli and Bacillus cereus) (9 mm) while the (S3) (0.4464 mg/ml) dissolved in water
and alcohol in equal portion affected on (Staphylococcus aureus and Pseudomonas aeruginosa)
(9 mm) did not affect on the other two species. When the concentration of the dissolved (S3) was

increased to (0.64 mg/ml) , it was examined only for two types of bacteria and was affected by
(E. coli and Pseudomonas aeruginosa) (15-17 mm) .

Keywords: Benzoic acid, Hydrazine Hydrate, Bacteria, Bcetone.
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Removal (Cu, Ni and Pb) Elements from Polluted Water by Using Fresh

and Fitter Biomass of (Chlorococcumsp) Alga
Muntaha N. Thweny, Najlaa A. Jassem , Khansaa H. Majeed , Mayami H. Awad
Ministry of Science and Technology, Baghdad, Iraq

Abstract

In this study, a comparison was made between the efficiency of (Chlorococcum sp) to
remove the heavy metals (copper, nickel and lead) from polluted water. The study
was done using afresh biomass density of 4.4x10° cell/ml, and a solid dry mass of (0.6 g
/ L) .Tow consent rations of (5 ppm) and (7 ppm) of heavy elements were prepared. The
study was accomplished at the same condition of (pH) and temperature. The atomic
spectrometer was used to detect the remaining concentrations after one and two weeks.
The results showed that the efficiency of the biomass was higher than that of the solid
dry mass at the same temperature and (pH) with the two times of one and two week.

Keywords: heavy metals, polluted water, biomass, dry mass.
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Impact of Exposure to Deferent Concentrations of Pure CO: in Biology
and Effectiveness of Total Lipids Formation for Chlorococcum humicola
alga.

Ibrahim M. Al-Salman, Raghad S. Mohammed
Baghdad University, College of Education for pure Sciences, Department of Biology
(Ibin- Alhaitham)

Baghdad, Iraq

Abstract

The current study examined the impact of different concentrations of suppling of pure carbon
dioxide CO2 in the curves growth and total lipids productivity of local isolated green alga
Chlorococcum humicola. The cells of alga exposure to the concentrations (25, 50,75 and
100%) V/V of CO2. Three growth media(Chul3, BG11 and Chul0O) were used for the
development of algal cells, the experiments were conducted in laboratory conditions at (25+-
2CP the intensity of the lighting 3000 lux , pH 7.5 and lighting system of 8:16 h light and
darkness. The algal cultures was injected with CO2 gas by the device (Gas- flow-meter) ever
(72 h) for (18 days). The results have showed that present vary responses in the growth
curves of algal cells in all used cultures medium with the advantage of Chul3 media. At the
following total lipids level and its exposure to the different concentrations of CO2 gas, it
was found that the three medias( Chul3, BG11 and Chul0) and the concentrations(25,50,75
and 100%)V/V gave different values of total lipids and recorded (101, 206, 156 and 106) ,
(168, 185, 130 and 110)and (66, 111, 76 and 91) mg/g™ dray weight respectively compared
with the control which recorded (196.5, 155 and 90 ) mg/g™ dray weight.

Key words: Chlorococcum humicola alga, CO2 gas ,growth curve, total lipids
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Dlaiey ey Aled (05, 0.75, 1 g/ ml) Sl galiieal Jacls (10 ¢ 15 ¢ 21 mm)  ldiay dayii Aled
LA Gle (22 mm) Lafi DhE kel W@ (geall dlad) W A e (11 ¢ 14 ¢ 19 mm)
Sl paliivd) elal Laiy | 480 gl 5 sy G gud 02 A gaaa) ol S daaal daa 5l (Staphylococcus aureus)
a8l (aliionall (e et dllad (12 ¢ 13 ¢ 19 mm) s J1E (05, 0.75, 1.9/ ml) S1al Jadl) s 31 5Y
(Pseudomonus aeuroginosa) L i e (10 ¢ 12 ¢ 11 mm) b yhad jedal 3 5 yill il Jadll il (315 5Y
(alapas sSOUS 5 il e oS 5 il 5 by Slal Jia) Aladll aalanall 2san b o B il (S5 6l S dapal A sl
led Ay al) Clealsinadl () [6,5] LSS a8 ¥l (o pusi s A0 LY Rasnaall LYl Cilida sai s b "Ylad "1 3
Y gl g il S e ol [4] S IS 5 dpa 331 i) e b il JMA (e A jeall ol jall saline dllad
Ll Canll S 5 ) i) 2S5 L 13 5 | L) o g 5 A1 gl Al 8 Jlad il Led ol gDl 5 iy L oS00
) aliionall (3 s ISy F) gl s ¥l gl dsaadl) U g5 e oSl G Galdie) e
o saSl aliiial L3 ladga s ade g iy il 5 iy jle sSI) : Jia JiS) Allad waalae e oe ginY

LA ) 5 da (Alall g A sasll) Jadll il (3) ) cilualiiua £ 63 A ol i) Alladl) il gl ga (3) g

(Gentamicin) < i jay

(mMm) < Loyl dilaia i
3l
A 54l
(mg/ml)
Sl paliingl) sl (aliiu)
10 mcg
LSl g s
d (Opelalinn)
0.5g/ml 0.75g/ml | 1g/ml 05g/ml | 0.75g/ml | 1g/ml
Streptococcus 20 20 29 14 15 18 19
mutans
Pseudomonas 12 13 19 10 12 11 13
aeuroginosa
Staphylococcus 11 14 19 10 15 21 22
aureus
*100% =19/ ml
clatiitay)

oaldinal 45 5las (Streptococcus mutans) LS (e dolle dlled 55 Jadll Sl B )5 JSlall palddudl o -]
45 i (Staphylococcus auerus) L i (e dlle 4 dlad o) saSl) paliial Laiy dadll <l 81, 5Y ( sasll
¢ P ity
L e ) adll s 31 5Y Jsasl) s el aliionall Rpandl and il el 22
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Abstract

In this study results of detection of antimicrobial efficacy showed that the effect of the aqueous
extract raphanus sativus (leaves of radish) dry base (0.5, 0.75, 1 g / ml) on streptococcus mutans ,
which have a higher incidence of gingivitis and tooth decay than the effect of the alcoholic extract
of leaves of radish and the highest efficacy of the Gentamycin as positive control . For the aqueous
extract (29, 20, 20 mm) inhibitory effect respectively, while the alcohol extract showed inhibitory
activity (18, 15, 14 mm) and the Gentamycin control showed inhibitory effect (19 mm). The
alcoholic extract for (0.5, 0.75, 1 g / ml) had a stronger effect on staphylococcus aureus bacteria,
which is also responsible for tooth decay and gingivitis higher than the aqueous extracts of radish
leaves. The inhibitory activity of the alcohol extract (21 , 15, 10 mm) while the agqueous extract
showed an inhibitory effect (19, 14 , 11 mm) and the inhibitory activity of the Gentamycin control
(22 mm). The aqueous extract (0.5, 0.75, 1 g / ml) was higher than the alcohol extract for the same
concentrations , with the inhibition diameter of the aqueous extract (19 , 13 , 12 mm) ,While the
inhibition diameter of the alcohol extract (11, 12 , 10 mm) was on psedomonous aeroginosa . The
phytochemical analysis of each (aqueous & alcoholic) extract showed that contain a number of
medicinally important compounds in different amounts such as Tannins, Carbohydrieds, Glycosieds
Resins , Flavonoids , Saponin and Alkloids . and the both of aqueous and alcoholic extract not
contain the Phenols , Steroids and protein and it is founded that the aqueous extract contain
Coumarins and Terpines while the alcoholic extract not contain .the study of toxicological effect of
the extract of the radish (aqueous &alcoholic) showed that the using concentration are safe.

Keyword: - Raddish Extraction, antibacterial, Decay.
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(5 %) (Nigella Sativa) 4 &g (15 %) E Cmabid (5 samal il 93 48 53 Talukin)
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L bl Ly oY) Uil g Crgng ¢ pelicall yyohill g Conall 5L ¢ oleall s deliall 5 ) j
Gl padl colasy
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AadAl)
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od\_u ‘ﬁj aclidl ua\A;.i\ uyt;& ).\aa.u.ud\ d.qa_u.u\ (UJJ /u)}) (5 %) 45).\3\ 4_1;03\..4} (UJJ /UJ}) (15
C-"-“” cadl daliaa) 4liall Ul gall (white muscle disease) sbcamll Ol (aye z3e 5 lad)
405 (109.4 %) Sl dn g (E) (el 30l dllad Aais il ) A8l Aaalil) (o sl 4llad 45 Hia4])
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3oLl u&éu\} ¢ aJM}&U:’\JASJﬂ\ ks A (60 5040 OC) oJ\);u\AJJ‘;)M\ 4_;3\_\32\.-.»\).) a
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daxial)
OS5 Y Layy (PS5 Zlil 5 (AAad) ysaill s saill dage (5585 (All) ARl 53 s gl Cllinalidl) Sy s O
el Al Jie ddakll clla¥ly (al ) o) 5 ¢ [1] sl aa ddle Aaglia o deliall okl 34IS
IS LBl s oy se Y el Jlas e s i 635 (avian coccidiosis) <l SY)
A sllaal) Clinaliall il i 335 cmgy 13 [2] caladl g A1 5 Buglll ladh (e Dliad Cilisaligl) (aliaidl
daglia A S Hoald S (A, E, K) Slilisll oda ey zlaall Jb (e cllgiual) Calall Cilas g e san g JS A&
O pal oY) daslia o gadall Bl 30L 5 (e (E) oelid Joony S ¢ zlaadl ddelid) sk il jaY)
(Immunomodulators) 4aelic &l saeS (E) gpelid Jae 5 [12,3] eliall Jleall d0ad 20y ) JSa
saliaall alua¥) ) 30l 55 A lialll LBAN LS50l ) 3oyl (pe (il pe¥) am A lidl ki o Jexs
[4] e lid Alaiuy) alai
HAdaiia i el gedl dal o daall Sl g i) jall juds cdelidl Jlea e A< A Lls el Hall el
L 0sSs of Sa il oda g Apmgalal) AN LAY dlels (pant 3 ygls Jadidll ,5Y) 120 5 delidl il
sy Aoyl Ayia pal) VLAl g 2SI gy g e sdly Bla¥) e Al 8 5 S Daadle Lpaa
L3S 5 (T cells) doaalll LAl e ssaaill L ,ails ela gl daal) 29 g8 e MM}A_GM\ e
pe dag eS| agilla st M delidl 8 (el e Gsilay (pdll iyl Al 8 éh; (T helper cells.)
(8 Al 5 33l @l o) aa s ¢ (ImmunoglobulinG) g s Aeliall (g Clsiwe 8 maly s
il e ey al el jall e yglal A glaalll USAT SH saall Ay willy Lpnpidal) u;un asadll Lol du
ol 3 diaglia s aiclia ol el elidl leall calaiin 3 "Lylay) 180 dland) e el gudl dal)
Caay WS | (Haematocrit) S sitall s ol jaadl s sbiandl anll Sl S5 (o sla gangl) 4 30l 5 e "Dl
e 508 200 5 A8 ) Al ISy | [11,5] Calsmstally e sal¥) (8535 ¢ padl Jma (5 5ime Ay guall sl
Ledl i) 5 adil yadl (e 5,88 o Y AN 2 gl labiaall <l g0 KU ¢ shudll ¢ aall ¢ i gl e Ll gial
Go 23 A8 s ) 1A e ST LS | Apadia 5 4 s A il g 5 Ol juall Baliaall (5 IS 80ke e
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 Akalall delidl (CeII mediated immunity) 4 sl Aelidl 320 5 JUS (e deLiall
e s s osmsll (a ye Lga s ¢ A il Clbadl (i il 3,38 (il sall dallas (A9 (Humeral immunity)
5 L il a4 5laalll LIAN G g i) dba) JAA e gl sall (35 88 ilud gl lia el laa 5 JulS gl
Alicie Ay 5al) g Adalal) Auelial) dulasin¥) A Luce J8) A o cpyseY s o ) ol o (Jia 35 glialll eliac ) 46 dlial
138 aadinl 1A peliall Sleall B4 ks JIS Als ) "Lage padll Jias (3 (Igm) g3l (e 2l (5 sie (alédsly
L alS il g saeSIl Al ) golall Lo liad) Alaia¥) 5005 DA (e sabll e liadl 5ol 3345 3 il
Lo g5 ‘5_\]\ iy el :u:\_me.\k.uu&: Canll c.d:a.muf_u;:u.&ﬂ\ UALAA;Y‘ 3auS C““‘L.sﬁ ”‘JA?G_A s (E) Craliadl
hlra s o lial) adaiil) ASSe 8 oAl Allad aly | Ay g il 1 ) jad g A glall 50 gaall 5 4 5lall oV LatY)
aiat oo Ay (cycloxygenase) I|poxy genase) 4kuls (Arachidonic acid) o=ds =l
3l il sl e Glady) il 8 Laal 4l 3 (prostaglandins and lankotviens) oSS si s )

7] ol s
taad) £ 5adl
(2), (1) Jsaall 3 (ae LS5 umatll 48y jla g Al sall A€ ) 3 ALIal) o) gall 5 ) a1 55 362 ;Y
4 gal) A il A AL3)al) 3) gal) cliial ga (1) Jgi
No. Substance Specification Description Solubility
Clear colourless or Practically insoluble in
1 Vitamin (E) [8] yellowish. Brown water, freely soluble in
.viscous oily liquid dehydrated alcohol
white powder or Practically insoluble in
crean|10y white water, and alcohol ,ether
2 Nigella sativa [9] odourless, tasteless anld neutral cl)rgrlml_c
owder solvents , s ub ein
P mineral acids with
effervescence.
5 Sod. /Sod.C.M.C o] White to off White | Easily Dispersed in
Carboxy.methyl.cellulose Powder Water
4 Methy! paraben [9] White Very slightly soluble in
water
5 Propyl paraben [9] White Very slightly soluble in
water
Light fine white Practically insoluble in
6 Aerosol [81.[9] amorphous powder Is water.
7 Lactose [81.[9] White Freely soluble in water,

A0 gl A 5l A dandiaal) cila Jlicall 9 3 3¢ (2) s

No. Instrument Origin Specification
1 Sieve China No0.120
2 pH-meter Hanna instrument | Micro processor
3 Turkey powder 220 v.
Denver —
4 Sensitive Balance Germany Instrument 5000 g
Max
. Gm _50 1|/2120w
5 Miller Turkey oowder 220 v.
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dasll 435l - Ll
A sall A€ I Adaal) ol all -]
1- Vitamin (E)
2- Nigella Sativa.
3- Sod.C.M.C

4- Preservative
5- Preservative
6- Aerosil
7- Additive ;
‘ - (120) p8) J3ies (RS dan s (E) 0alid) A ¥ 3 sall inda D
O 0l 3 a0 (S0d.C.M.C) A8liadll 3 sall 2a) aa (AS ) dim 5 (E) (pebiad) 4l 581 Aladl) 3 sl (0 ¢ 32 Jala -3
W
DSl (e e 3o aa (@€rosil) Alaall ) gall 3L as (S A (E) el A 5V Adladl) ol all AL calals 4
slizaall
- (Alaall o sall (e (35 e ae) Adadlal) o sal) ilals -5
oSl "aSaa Male adlef 5 (500 () drms psiall GelST 8 (30 MiN) Baaly laga Lghali day o) sall A -6
RSB
. olind) apill 5 jladl 5 i ) iles il (o sbasSU Jidaill e il 5 gl ) 3 s i 27

wu-db G\:\J\

Hz\d),d\ BJ\)A&A.JA.)ULQAM ’BJ\_AM:’\_}ASQ_.}\S} @hﬁ\}@)@g\;\ﬁ\;\_ﬁ\ O_ADJ‘JB:\_A.H‘ )_ma.mud\ U_\_fj‘
il G g L 7 gl 3 g all aa Baa Alladll s o) "Lale (3) s (109.4 %) ieall i
[3] (110-90 %) kil

¢ gl D35 (65 %) At 45k )5 (60.50.40 °C) 4dlide 5l o Sl 50 (A jucasiaall 4l Al 50 il
(105-107 %) , (106 -109 %) el s3lall GaS S 31 (50,40 °C) 5 Glaja 8 o) il ymniondl) i
681 (3) s 222 (97 °C) (A Adladl) Gialéail Baa 1 (60 °C) 51a A2 A Wl ¢ (4)¢ (3) st sl e
JSEN 3138 Jan gl 5 (110-90 %) Gy sieall 3 53al) Ganin o 5 ¢ Apuld Cag pla (o Allandll 53Lal) Al i o Lal dn i
(50,40 °C) 3olall Gla (4l geda ol 038 (A (gl Ladll s JOA (e (1)

Cun e peaniual e Glias Al peall 5 gcasdiieal) 5000 Coas e 3l g Addladl) 3 ) jad) 0 A8l A (e
i Aasilly el (110-90 %) gz samsall 3 s (pan Alladl) ansi Ll Al 58 alinal s 5 43 5) 5 4 58 5 AL
e i il 5 5880 ) gl QIS 5 deliall aliaily Lleaall VAL (5l Gapd 3l A as) Jlisl)
(1 g) deadinsall de jall Crua s ¢ Man Baga 3l dai QS (JalS gl a ya 5 5 52l (m ye Lga 5 dpas 5l
(white muscle disease) slawll dliasll e dliadll elall 5 slie Y XS ¢ AL (5-3) sadsele (2 L) JS)
el Lgaias) 5 ANa) e o gl 6l (5-3) 82al el (1 L) JSI (1 @) e sy

4k (60,50,40 °C) Adlisall 3 o da jay ygdl A0 Baal g Al g (E) Comalind 4505 4l 2 (3) Jgoa
(65 %)

. a\_‘mi&_"ﬁ.d\ CJ."M\ %}ﬁ)ﬂ\ﬁ)\);a;)d‘; "@‘M\Z\JQUAM
(109.4 %) (zero time ) 4:dl=dll -: Vitamin (E) & Nigella sativa (20 %) powder

% (05 /05) Aladl) 3alall dpas
Qe e Vitamin (E) & Nigella Sativa g <
60°C | 50°C 40 °C
D (1) s an 101 107 109 2014/1/1
e (2) sy 2 NI | 1057\ qo73 | 201421 | 2
el 350 3n | 1B 106 | 201431 |3
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Prepration of a Pharmaceutical Composition of Vitamin E (15%) and
Nigella Sativa (5%) to Improve Production and Increase Immunity for

Poultry
Mohammed J. Mohammed, Areej A. Attia, Luma H. Mohammed
Ministry of Industry & Minerals, Corporation of Research &Industrial Development
Veterinary Drugs Research & Production Center
Irag, Baghdad

Abstract

Preparation of a pharmaceutical composition of vitamin (E) powder and nigella sativa
concentrate (20 %) (w / w) where the substance was vitamin E (15 %) (w / w) and nigella
sativa (5 %) (w / w). The drug is used in cases of decreased immunity and in increasing
fertilization and treatment of (white muscle disease) for different field animals. Laboratory
results proved the effectiveness of the product from the chemical point of view as it was the
result of the effectiveness of vitamin (E) and nigella sativa (109.4 %) and temperature (25 °C)
and humidity (60), which is within the limits of the Constitution of veterinary medicines (90-
110 %) .

The stability of the preparation was studied at temperatures of (60, 50,40 °C) where the
composition was stable and stable and the effectiveness of the material within the limits
allowed . Forms were sent for clinical evaluation where the results were good and the
certificate of acceptance was obtained by the Department of Veterinary / Veterinary Hospital
Baghdad through the report of the veterinary hospital, which shows the effective response to
the treatment of cases under examination (reduced immunity and stress in poultry) and dose
(1gm/2 liter water) The results were good.

Keywords: Vitamin (E), Nigella sativa, reduced immunity, improve production.
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Glow Discharge Plasma Nitriding of St.St 316 Surfaces
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Abstract

Samples of stainless steel alloy (316) were treated with the (DC) flux discharge plasma (N.) at the
supernatural flare area. Nitration was performed under operational conditions (voltage, current,
gas pressure, processing time, and sample temperature).

The samples were tested to determine the structural construction, to prevent x-ray diffraction, and
the results showed that (FesN) was developed surface layer. Surface Topography of the Atomic
Force Microscope (AFM) to compare the surface roughness and parameters of the treated
samples, the results showed increased surface roughness and increased thickness of the recovered
layer by increasing processing time. The destructive tests are the corrosion resistance of the
samples. The results showed an increase in corrosion resistant alloy with process time.

Keywords: Plasma Physics, Engineering and Conversion of Plasma Surfaces, Stainless Steel
Alloy, Nitride.
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Abstract

In this work, manganese dioxide/polystyrene super hydrophobic nano-composite was applied on the
surface of silicon PV panels to introduce a dirt-proof surface. The results showed a significant
improvement in the self-cleaning features of the panel under investigation. The optical properties of
the deposited super hydrophobic layer were intensively investigated using UV-VIS-NIR
spectrophotometer and the results showed that this layer is functioning as a window layer and as an
antireflection layer, as well. The AFM results showed that the nano-composite surface has a pyramid-
like structure which is a feature of super hydrophobic surfaces. The PV panel coated with the super
hydrophobic nano-composite was intentionally smeared with mud and the photovoltaic parameters
were measured after smearing. The results showed that the coated panel’s power conversion
efficiency was only reduced 1% after smearing, while the uncoated panel showed a reduction in the
efficiency to about 10%.

Keywords: Superhydrophobicity, Silicon solar panel, Nano-composite.
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Introduction

Photovoltaics (PVs) are under investigation for more than 65 years [1]. During this time, a huge
progress has been achieved. Thin film solar cells [2] and organic solar cells [3] are prime examples
for the evolution from silicon technology to different varieties of technology. However, with all these
varieties, the cleaning process is still a big obstacle in these PV systems, especially since PV modules
must be installed outdoor. In the desert area (as in Baghdad city), the global solar radiation is
significantly higher than that of other areas [4] which makes it a suitable location for PV installation.
Our previous study on the solar radiation in Baghdad city has shown that Baghdad weather is clear
most of the year with high rate of solar radiation [5]. Unfortunately, the desert areas are also hot and
dusty with low rate of rain. Heat and dust have a negative effect on the performance of PV systems.
Temperature above 25°C reduces the bandgap of silicon leading to a reduction in the voltage of the
PV modules and hence, a deterioration in the output power. Extensive details on the influence of
temperature on the PV performance can be found elsewhere [6]. Dirt on the other hand, such as dust,
bird-droppings, and water stains accumulate on the PV surface and reduce the amount of light
reaching the p-n junction. It has been shown by Ndiaye et al. that a one-year exposure of PV modules
in a desert area leads to a 77% drop in the output power of the PV system [4]. This result is harsh,
nevertheless, they did not explain how much is the average dust density throughout that year and the
thickness of the deposited dust in their specific study. Other researchers had shown that a dust mass
of 22 g/m? could reduce the power conversion efficiency of the PV module to up to 26% [7]. Several
parameters can affect the amount of soiling deposited on the PV surface, such as tilt angle, PV type,
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pollution type, and surface material type. For example: epoxy packaging can pick more dust than
cover glass glazing [7]. Moreover, solar radiation density has a noticeable influence as well. At 1000
W/m? of solar radiation, the reduction in the module efficiency is less than that at 500 W/m? for the
same type and amount of dust [7]. Some literature has mentioned that rain can help reducing soiling
to about 50%, except for bird-droppings [8]. However, desert areas are generally lacking frequent
rain.

Baghdad weather is dusty most of the year. Sand storms hit the city few times a year. This weather
requires a tedious effort to clean the PV modules every awhile. The process also consumes water and
requires service fees. A practical solution to this problem is in essential need. Superhydrophobic
surface can be a good candidate for this purpose. Superhydrophobicity is a surface engineering in
which wettability is reduced enabling the surface to be water repellant, anti-sticking, and self-
cleaning. The surface in this case will have a low free energy and hence, a high contact angle (more
than 90°). The nano-scale hills and valleys in combination with low adhesion between the surface
and the particles create the phenomenon of hydrophobicity [9]. The contact angle of a droplet of water
falling on a solid surface is basically Young’s angle (0y) that can be calculated from Young’s equation
that describes the interfacial tensions formed at the solid-liquid-vapor interfaces: [cosBy = (osv-
os1)/ow], where osy is the surface tension of the solid—vapor interface, o is the surface tension of the
solid-liquid interface, and oy is the surface tension of the liquid—vapor interface [10]. At high values
of o1, the cosine will have negative sign with 6y more than 90° which results in a smaller contact area
between the water drop and the surface, and hence less adhesion force. The advantage of using
superhydrophobic layer on PV surface is that the cleaning process will be minimized and large
particles, mud, and bird-droppings will be easily slid down out of the surface, especially in tilted PV
panels. Small particles as well can be removed with any gust of winds. However, the hydrophobic
layer should meet the window layer requirements, i.e. the layer must be transparent in the spectral
range of the solar cell absorption range and has a refractive index that is less than that of the
semiconductor of the cell to maintain lower reflection.

The potential of the present work, aims to introduce a superhydrophobic surface on silicon PV panels
via spray depositing of polymer-based manganese dioxide nanoparticles on the cell surface to lessen
the accumulation of dirt by reducing the adhesion force between dirt and the PV surface.

Experimental Procedure

The superhydrophobic material used in this work was purchased from SAR Incorporation. The
material is a nano-composite consists of polystyrene polymer grafted with manganese dioxide
nanoparticles (MnO2/PS). The material was pre-dissolved in organic solvent (chloroform) and sold
as a liquid-phase. The exact formula is the company know-how. The liquid-phase composite can be
deposited by spray method. The deposited nano-composite has a free surface energy of ~ 13 mN/m
and can achieve a contact angle of ~ 110° according to the company datasheet. These specifications
represent hydrophobicity features. Two small-size solar panels (140 cm?) were utilized in this study.
The first panel left as a reference cell (control), while the second coated with a 15.9 um thick
superhydrophobic layer. The two panels were then intentionally smeared using lab-made mud to
mimic the severe weather dirt (rain after dust storm for an example). The photovoltaic parameters of
the bare and coated panels before and after smudging were determined using sun simulator type
(Keyland) at 1000W/m? and 25°C (AM1.5 conditions). Two microscopic glass slides were also coated
with two different thicknesses of the nano-composite (15.9 pm and 17.8 pm). The thickness was
approximately calculated using the gravimetric method. The optical properties of the composite were
investigated on those glass slides using Shimadzu double beam UV-VIS-IR spectrophotometer.

Results and Discussion

Transmittance of bare glass slide (S1), 15.9 um thick of MnO./PS coated glass slide (S:), and 17.8
um thick of MnO2/PS coated glass slide (S3) is presented in Figure (1). It is clear that the
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superhydrophobic layer is transparent in the short wavelength region where transmission is equalized
between coated and uncoated samples. At 350 nm wavelength and bellow, the superhydrophobic
nano-composite films become more opaque (less than 0.3%) for all samples, this opacity is reduced
at longer wavelengths in which silicon PV is functioning. This shows that MnO./PS
superhydrophobic film is working in harmony with silicon solar cells.
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Figure (1) Transmittance as a function of wavelength. The inset is a visual test of the coated
and uncoated samples

Optical energy bandgap (Eg) is one of the important parameters that can explain the optical and
electronic properties of the material. To determine Eg, absorption coefficient (a) should be first
extracted from the absorbance (A) according to the well-known Beer—Lambert law (a = 2.303A/t),
where t is the film thickness in centimeter, and A is calculated from the logarithm of the reciprocal
of transmittance [A = log 100/T] as shown in Figure (2-a). The direct allowed E4 according to Tauc
equation is the extrapolation of the tangent of (ahv)>~wavelength to the point (ahv)? = 0, where the
intersect with x-axis is the bandgap of the material as demonstrated in Figure (2-b). The bandgap is
found to be 4.0 eV (an insulator bandgap). This large bandgap (corresponding to 310 nm wavelength)
explains the transparency of the film. The photons of energy equals or greater than 4 eV are absorbed
by the valence electrons producing a direct allowed transition from the valence to conduction band.
On the other hand, photons with energies less than 4 eV are not capable to excite the valence electrons,
therefore, they pass all the way through the bulk of the film.
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Figure (2) Spectral absorption coefficient (a), and (ahv)? extrapolation (b) of the MnO2/PS
superhydrophobic nano-composite film
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Refractive index (n) is an important factor in which the amount of reflected light from the surface is
determined. Lowest reflection happens when the film refractive index is in between the refractive
indices of the two materials on both sides, which is known as antireflection effect. Detailed modeling
for antireflection coating is available in literature [11]. Silicon has a refractive index of ~ 3.4. To
maintain low reflection, the coated layer should have a refractive index less than 3.4 (the lower the
better). Figure (3) shows the spectral refractive index of MnO2/PS nano-composite in the range of
interest (400-800) nm. The plot introduces low refractive index (less than 3.4) which can fulfil the
antireflection properties and is expected to reduce the reflection of light incident on the PV panel,
which in turns may enhance the photovoltaic performance of the panel. Moreover, the refractive index
of the nano-composite at 589 nm (sodium D-line) is 2.2 which is higher than that of pure polystyrene
(1.51). However, polystyrene refractive index is highly dependent to the molecular weight of the
polymer [12]. The difference in the refractive indices between pure polystyrene and the MnO2/PS
nano-composite can be ascribed to the effect of MnO2 nanoparticles incorporated with the polymer
chains.
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Figure (3) Spectral refractive index of the MnO2/PS nano-composite. The red dot is the
refractive index corresponding to the dominated wavelength of sodium D-line (589.0 nm)

Superhydrophobicity is a feature of the surface morphology rather than surface chemistry. It has been
shown that a hierarchical structure can produce a superhydrophobic phenomenon [13]. This type of
topography is characterized by the pyramid-like structure. Figure 4 shows a 3D AFM image of the
nano-composite coated panel. The rms roughness is 109 nm which represents a very rough surface.
The pinhole in the surface is due to a nonuniform deposition. The density of summit is low, but the
summits are pyramid-like.
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Figure (4) AFM image in a 3D mode for MnO2/PS nano-composite deposited on PV surface

Figure (5-a) presents the silicon solar panel coated with MnO2/PS nano-composite, while the
reference panel is presented in Figure (5-b). The coated panel’s surface is as clear as the reference
panel’s surface indicating no opacity effect due to the coated layer. The hydrophobicity of the surface
is examined practically by spraying the panels with water. Figure (5-c&d) is a close-up of the water
droplets on each surface. The water droplets on the coated surface exhibit a round shape with high
contact angle (low contact surface) indicating a formation of a superhydrophobic surface on the
coated panel. In contrast, the droplets on the uncoated panel (reference panel) are flattened and spread
over the surface with low contact angle.

I
b

)

Coated Panel Reference Panel

Figure (5) Silicon solar panels with coated surface (a), uncoated surface (b), and water drop
shape on the coated surface (c), and water drop shape on the uncoated surface

Mud test was performed by pouring lab-made mud on the surface of the coated and uncoated panels
as presented in Figure (6). It is obviously shown that the surface of the coated panel is highly repellant
to the mud compared to the surface of the reference panel as shown in Figure (6-a) and Figure (6-b),
respectively. The two panels were placed standing in a vertical position to allow the extra mud to drip
out of the surface and left overnight to dry out. The coated panel found almost clean with a trivial
amount of remaining dirt as shown in Figure (6-c), whereas the uncoated panel is found messy with
a plenty of remaining dirt stuck on the surface as shown in Figure (6-d). The large amount of dirt on
the uncoated panel can significantly affect the performance of the PV characteristics.
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Figure (6) PV panels after mud test; (a) coated panel right after pouring, (b) uncoated panel
right after pouring, (c) coated panel left overnight, and (d) uncoated panel left overnight

The photovoltaic parameters of the coated and uncoated panels before and after smearing with mud
were measured and tabulated in Table (1). The uncoated PV panel exhibits a decrease in maximum
power density (Pm) for about 10% due to the remaining dirt on the surface that reduced the light
reaching the junction, where power dropped from 54 (W/m?) to 48.93 (W/m?). On the other side, Pm
of the coated panel decreased less than 1% due to the influence of the self-cleaning of the
superhydrophobic layer. The open circuit voltage (Voc) and the voltage at maximum power (Vm) are
both slightly decreased in the coated and uncoated panels. This is because the PV voltage is remotely
affected by light intensity. In contrast, the short circuit current density (Jsc) and current density at
maximum power (Jm) are both apparently decreased for the uncoated panel because current is a
function of light intensity. Fill factor (FF) has no noticeably change since FF is a function of the series
and shunt resistance only, and therefore, it is a feature of the junction. As a result, the power
conversion efficiency (PCE) decreased 10% for the uncoated panel compared to less than 1% for the
coated panel. This result suggests that using superhydrophobic layer on PV panels’ surface can
improve the self-cleaning features and prevents the PV panels from deteriorating due to weather
accumulating dirt. Furthermore, the P and PCE of the clean coated panel are slightly higher than
those of the clean reference panel. This result can be attributed to the reduction in the light reflection
on the surface owing to the antireflection features of the superhydrophobic nano-composite layer.

Table (1) PV parameters of the coated and uncoated panels before and after mud smearing

Panel Clean Reference | Dirty Reference | Clean Coated Dirty Coated
Specifications Panel Panel Panel Panel
P (W/m2) 54 48.93 54.8 54.7
Voc (V) 11.10 10.97 10.50 10.40
Jsc (A/m2) 5.93 5.38 6.13 6.11
V, (V) 10.60 10.50 9.95 9.96
Joy (A/M2) 5.12 4.66 5.51 5.49
FF 0.82 0.83 0.84 0.86
PCE (%) 5.4 4.89 5.48 5.47
Conclusions

Applying superhydrophobic layer of MnO2/PS nano-composite on the surface of PV panel can
significantly protect the surface of the panel against weather accumulating dirt and introduce a self-
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cleaning feature that helps reducing the labor of cleaning PV modules in the actual field. This
technique can be a practical method to apply on the large scale PV modules and can successfully
supplant the traditional expensive techniques and can also reduce the cost of the cleaning.
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Abstract

Analysis of delamination between the layers of the composite materials plates is studied in this
work. ANSYS finite element program was used in numerical solution to investigate the effect of
nonlinearity vibration on the mechanical response of these plates. Design of parameters was varied
to investigate the effect these parameters on the numerical solution, such as lamination angle
(0/90/90/0), (0/90/0/90) and lamination thickness. The experimental procedure was programmed to
manufacture and to find the mechanical properties (E1, E2, and G12) and density of E-glass/
polyester. Hammer test method was used as an experimental technique to find the composite plate’s
natural frequency for two boundary conditions (Free, Clamp, Free, and Clamp) and (Clamp, Clamp,
Clamp, Clamp). The outcomes were analyzed by using Fast Fourier Transformation (FFT). Numerical

results were found close to those obtained experimentally.

Keywords: Mechanical Response, Composite Material, ANSYS, Delamination, Fast Fourier
Transformation.
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NOMENCLATURES

E: ,E>, Es Elastic modulus components, GPa
G2 ,Gi3, Gas | Shear modulus components, GPa
Uyy,Uq3,Up3 | POISONS ratio components

Ve The fiber volume fraction
K] Element stiffness matrix, N/m
{0} Displacement vector, m
[M] Inertia matrix, Kg.m?
F Force, N

Introduction

Linear elasticity is the mechanical extension or compression that obeys Hook’s law where the
extension/compression is linearly proportional with the displacement. However, some materials such
as composites do not follow the linear relationship where the extension/compression obeys the
nonlinearity. The increasing interest in composites applications draws several theoretical and
computational research work, especially for nonlinear elasticity of these composites. Finite element
theories can be applied to analyze the nonlinear problems: physically or materially nonlinear and
geometrically non-linear [1]. In the physically nonlinear problems, the nonlinearity enters through
the constitutive (stress-strain) relation. Nonlinearity is ascribed to large-deflection problems in which
the deformed configuration must be used to write the equilibrium equations, and problems related to
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structural stability. This nonlinearity is introduced into the theory of elasticity through the equilibrium
equations and by the inclusion in the strain — displacement relation. The study of finite element
methods for geometrically nonlinear problems is relatively recent [1, 2].

Fiber reinforced plastics (FRP) are Composite Materials can be defined as the combination of
two or more materials with different properties and the results from this combination can lead to a
composite material with better properties which can be classified into either isotropic or anisotropic.
Isotropic materials have the same material properties in all directions; this material is used in various
thermal and mechanical applications [3]. FRP has been used for many years in the aerospace and
automotive industries and has recently been used in civil engineering structures as an alternative to
wood, steel and concrete [4].

Composite materials manufacturing is usually accompanied by delamination or bubbles defects.
The procedure used to detect delamination is called the hammer technique. This method can detect
the delamination inside the layer of the composite material before the product failure [5]. Software
simulation can also be used to detect and analyse the delamination defects [6]. ANSYS program is
one of the best simulation methods that can be used for this purpose. Most of the published studies
analyzed the mechanical response of linear vibration [7]. However, the present work aims to use
hammer method with ANSYS program to evaluate the mechanical response of non-linear vibration
including delamination defects in the plates of composite materials.

Method/ Experimental Work

The laminated composite plates were fabricated in square flat panels with the dimensions of (30
x 30 x 0.4 cm). Each plate contains 4 layers of Fiber Reinforced Polyester Composites (FRPC). The
plates were arranged in a wood mold as (0/90/90/0) and (0/90/0/90), X-ray photo sheets were laid
between the mold and the laminated composite plates to prevent adhesion of the plates to the wooden
mold, the polyester is placed as adhesive material between the layers of the panels. Air was removed
mechanically by clamping the sample from different locations. Afterward, the sample was dried out
under sun.

Two blocks were placed over the wooden mold to remove any remaining bubbles inside the
sample because bubbles can cause manufacturing defects. A gap is created inside the middle of the
sample with dimensions of (3 x 3 cm), using aluminum foil.

Mechanical properties

The mechanical properties were obtaining by forming tensile samples from the plate using water-
cooled high velocity cutting saw. Tensile test specimens of various sizes including standard geometry
according to ASTM (D 3039) [8] were prepared. Figure (1) illustrates the prepared specimens before
test. The mechanical properties of the samples were loaded to ANSYS software to define the
composite plate.
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Figure (1) Prepared specimens according to ASTM (D 3039)
The specimens were cut into (0°, 90°, and 45°) to determine the parameters (E1, E2, G12 and v12)
of an orthotropic material that can be determined experimentally using the glass polyester composite

with volume fraction of 0.32. The mechanical properties of the laminated composite plates are shown
in Table 1.

Table 1. Mechanical properties of the laminate

El E2 G12 v V
(GPa) (GPa) (GPa) 12 f
19.5 5.8 2.3 0.33 0.334

Analysis
Experimental analysis

Samples were cut into (25 x 25 mm) with 4 mm thickness for the purpose of circuitry
connections. A certain force (147KN) was applied manually and analyzed by means of an
oscilloscope. The signal is converted into waves, and then the frequency was determined and
compared with the theoretical results. Two types of boundary conditions were chosen to investigate
the effect of these conditions on a nonlinear frequency as shown in Figure (2). These boundary
conditions are:

1. Free, Clamped, Clamped, Free.

2. Clamped, Clamped, Clamped, And Clamped.

Figure (2) Vibration techniques with all edges are clamped (CCCC): (1) Tested plate, (2)
Piezoelectric, (3) Testing structure with CCCC boundary condition, (4) Oscilloscope, and (5)
Hammer.

Theoretical Analysis using ANSYS 15.0

Theoretical Nonlinear analysis was achieved on a nonlinear strain [5]. Finite element technique
was described nonlinear analysis by solving the nonlinear equation of motion for force and static
vibration analysis as shown in egns. (1) & (2) [9]:
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([ 1+ [Kn.]) {6} = {F} 1)
[M] {8} + (K1 + [Kn.]) {63 = {F} (2)

ANSYS is a pioneering software package capable of modeling finite element data numerically
and solving a wide spectrum of problems in engineering, which includes heat transfer, fluid problems
and static/dynamic structural analysis for linear and non-linear modes [6-8].

Nonlinear analysis
Geometrical nonlinearities

It is ascribed to small strain but moderate rotation, large displacement and large strain with linear
or nonlinear stress-strain. The updated lagrangian procedure can be used to analyze geometric
nonlinear problems.

Nonlinear boundary conditions
Various boundary conditions were chosen in the present work to determine the mechanical
response of laminated composite plate using APDL in ANSYS.

Type of Element

ANSYS software was used to analyze the mechanical response to detect the delamination inside
the composite. The software tools (Shell 181, Targe 170 and Conta 174) were defined according to
our composite geometry as shown in Figure (3), Figure (4) and Figure (5). Meshing the elements is
shown in Figure (6). Boundary conditions ((CCCC) and (CFCFC)) are shown in Figure (7) and
delamination model is shown in Figure (8).

Kl

o J
Trangular Option
(not recommended)

Figure (3) Shell181 Geometry

Target Segment K

Element
\ Triangle

Contact _—" 7

Elermert

Figure (4) Targel70 target surface element
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Asodated Target

Surface of SolidShel
Element

(b) Two edges clamped
(a) All edges Clamped and two edges free
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Figure (7) The boundary conditions of plate

y 4

(a) All edges Clamped

Figure (8) The boundary conditions of plate with delamination

Solution technique: Newton-Raphson

e 4

(b) Two edges clamped
and two edges free

method

Nonlinear applications are usually
obtained in a series of nonlinear steps

solved by several solutions in which the solution can be
. The Newton-Raphson method is one of the incremental
methods. A typical solution for a one degree-of-freedom (DOF) system is shown in Figure (9). The
first iteration yields the displacement AU1, using the initial tangent stiffness matrix [K]i, and the
applied load Fappiies. Based on this displacement the material (or geometric) response yields a force
value Freaction. The second solution iteration uses the updated tangent stiffness matrix [K]2, and the
applied load Fappiied, yields AU2. This algorithm iterates until a certain tolerance of convergence is
met. This convergence tolerance is defined as the maximum force residual divided by the maximum

reaction force as shown by the following equations [6], [10]:

”FresiduaI” max

| cacion] mex < Tolerance

where

I:residual - |:applied - I:reaction

©)

(4)

/_'F Ll Y ,

i

Figure (9) Newton Raphson solving technique
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Results and Discussion

Numerical solutions for both linear and nonlinear using ANSYS (APDL) and experimental
technique are matched to analyze force vibration of the plate in the composite for many boundary
conditions with and without delamination.The laminate square composite plate thickness was 4mm,
and dimensions of a=b =20 cm. The mechanical properties are shown in Table. 1. The analysis was
focused on the dynamic vibration of undamped laminate composite plates.Figures (10, 11, 12, and
13) show the response of the symmetrical and unsymmetrical plate for the ANSYS result, with all
clamped (CCCC) and two clamped boundary conditions (CFCF) without delamination, while Figures
(14, 15, 16, and 17) show the response of the symmetrical and unsymmetrical plate for ANSY'S result,
with all clamped (CCCC) and two clamped (CFCF) boundary conditions with delamination.

Figure (18) shows the variation of deflection as a function of time for symmetric composite plate
(0/90/90/0), with all clamped boundary condition (CCCC) and two clamped boundary condition
(CFCF).The results show that the deflection of all clamped boundary conditions (CCCC) is higher
than that of two clamped boundary conditions (CFCF) [11].

10
— ansys

Defelection* E-05

T T T T
01006 08 12 13 14141148143 144
Time* E-02

Figure (10) The response of the symmetric plate (0/90/90/0), for (CCCC) boundary condition
without delamination

n —  ANSYS

Defelection*E-05
N

0100304 11 12 13 14141142 143
Time* E-02

Figure (11) The response of the symmetric plate (0/90/90/0), for (CFCF) boundary condition
without delamination

16



Iragi Journal of Industrial Research Vol.5 No. 2 (2018)

== ansys
16 y

14+ r
12

Defelection* E-06

13 14 155 33 34 35 a8
Time* E-02

Figure (12) The response of the unsymmetrical plate (0/90/0/90), for (CCCC) boundary
condition without delamination
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Figure (13) The response of the unsymmetrical plate (0/90/0/90), for (CFCF) boundary
condition without delamination
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Figure (14) The response of the symmetric plate (0/90/90/0), for (CCCC) boundary condition
with delamination
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Figure (15) The response of the symmetric plate (0/90/90/0), for (CFCF) boundary condition
with delamination
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Figure (16) The response of the unsymmetrical plate (0/90/0/90), for (CCCC) boundary
condition with delamination
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Figure (17) The response of the unsymmetrical plate (0/90/0/90), for (CFCF) boundary
condition with delamination
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Figure (18) Variation of deflection as a function of time for symmetric composite plate
(0/90/90/0), with all clamped boundary condition (CCCC) and two clamped boundary

condition (CFCF)

Conclusions
From the previous results, one can conclude the followings:

1.

2.

The response of the symmetric plate (0/90/90/0) without delamination and with
delamination, for (CCCC) boundary condition is higher than (CFCF) boundary condition.
The response of the symmetric plate (0/90/0/90) without delamination and with
delamination, for (CCCC) boundary condition is higher than that of (CFCF) boundary
condition.

The response of the symmetric (0/90/90/0), with (CCCC) boundary condition and (CFCF)
boundary condition, for without delamination is higher than that with delamination.

The response of the symmetric plate (0/90/0/90), with (CCCC) boundary condition and
(CFCF) boundary condition, for without delamination is higher than that with delamination.
The boundary conditions effect on the natural frequency the maximum frequency occurs at
clamped boundary condition of plate.

It was seen that the different fiber orientation angles affected on dynamic response.
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Abstract

The main objective of the present work is to improve the rheological properties of
asphalt (S50). By adding some prepared copolymers which were designed by inserting
Dipentene or Indene through a linear backbone of poly ethylene .Then, the cross linking
using sulphur, which depend on compatibility of polymer with asphalt. All these blend
prepared copolymesrs with asphalt were tested by softening and penetration points were
compared with the asphalt sample. All The samples have been characterized by (FTIR)
and (H-NMR) spectroscopies. Softening point and penetration were characterize and
analysis thermally, all asphalts blends were compared with the asphalt sample. The
softening point was improved from (50 °C) to (53 °C), (60 °C) and (65 °C) by addition
the copolymer with sulphur in different ratios (5 %) copolymer with (2 %) sulphur , (5
%) copolymer (3 %) sulphur , and (9 %) copolymer sulphur) the mix was blended and
heated to (178-180 °C) for (4 hrs) the best addition is (9 %) copolymer with (4 %)
sulphur , the soft point was improved to (65 °C) It gave high thermal resistance with
more stabilities All the Improvements include the permanent and ductility .

Keywords: - Asphalt, Additives, copolymer.
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Introduction

Polymers modified are used with success at locations of high stress, such as intersections
of busy streets, airports, vehicle weigh stations, and race tracks [1]. Polymers that have
been used to modify asphalt include styrene — butadiene — styrene (SBS), styrene
butadiene rubber (SBR), rubber, ethylene vinyl acetate (EVA), polyethylene, and others.
Desirable characteristics of polymer modified binders include greater elastic recovery,
higher softening point, greater viscosity, greater cohesive strength and greater ductility
[2-4]. Polymer modified asphalt improves the fracture resistance of overlay and reduces
the deterioration around the cracks and joints. This treatment method does not prevent
reflective cracks from occurring but will control or reduce the severity of reflective
cracks with time. In other words, it keeps the crack severity to a low level [5-7]. The
selection of the appropriate type and amount of polymer modifier offers a valuable tool
in the improvement of binders in problematic situations such as heavy traffic, high
stress, poor aggregates, and variable climates. The elasticity, tensile strength and
resistance to temperature susceptibility of the binder impart improved stiffness modules
level [8-10], rutting resistance, fatigue life level [11-14] adhesion, and stripping
resistance to the polymer modified bituminous mix level [15-17].

A good asphalt binder modification with polymers is in trying to improve the rheology
of the binder and to make it behave more stable in different weather conditions. The
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polymers are added to asphalt binder in order to: increase elasticity, Increase tensile
strength, Reduce temperature susceptibility, Increase water resistance. Addition of
polymers to the asphalt binder can be applied by two ways , The first includes addition
of polymers in the form of "simple™ mixture involving no chemical interaction between
the asphalt constituents and the polymer molecules where the polymer | includes
addition of polymers in the form of "complex" mixtures involving a chemical
interaction between the polymer molecules and certain constituents of asphalt binder
where the polymer is dispersed in the maltene phase and then reacts with asphaltenes to
form higher molecular weight molecules Chemical compatibility of polymer with
asphalt binder components and blending process conditions are critical to obtain
acceptable rheological properties , where some polymers are incompatible with asphalt
binder components so that phase separation may result [18-19.] . When the polymer is
amorphous, it can be brittle and easily penetrated by solvent, so it can be penetrated
from the maltene phase and it can be compatible with asphalt binder components. But,
when the polymer is in semi - crystalline state, it cannot easily penetrated by solvents, so
it cannot be penetrated from the maltene phase and it can be incompatible with asphalt
binder components [20]. When the blend components (polymer & asphalt) have an
attractive interaction , heat is released and (A Hmix) negative , which favors change in
(ASmix) and contributes more to the Gibbs energy than the blending of high molecular
weight compounds . It is expected that for blends of asphaltic materials with polymers
the molecular weight of both asphalt and polymer will affect (ASmix). Similarly, a
change in asphalt or polymer composition will affect intermolecular interaction between
asphalt components and polymer molecules level [21-25].

Experimental Work

Indene was purchased from Fluka. Indene was purchased from Sigma - Aldrich (St.
Louis , MO , USA , Dipentene and DMF were obtained from BDH , Di benzoyl
Peroxide was obtained from Merck , Poly ethylene was purchased from Fluk . *H-NMR
spectra were recorded on a Shimatzu spectrophotometer in Dimethyl sulphoxide
(DMSO) . The (FTIR) spectra were recorded (4000-400 cm™) on a Shimatzu
spectrophotometer. Melting points were determined on callenkamp MF B-(600) Melting
point apparatus. Electronic spectra measurement using CINTRA5-UV.Visble
spectrophotometer.

Grafted P.E with Indene or Dipenetene A1-A2

In a screw capped polymerization bottle (10 g) P.E dissolved in (6 ml) toluene an (10
g) Indene or (10 g) of dipentene and (0.05 g) dibenzoylperoxide were introduced in the
polymerization bottle .it was flashed with nitrogen for few minutes inside a glove and
firmly stopped. The solution was maintained at (90°C), using water bath for (1 hr). The
solvent was evaporated under vacuum; the product was obtained, washed three times
with ether. Dried under a vacuum oven at (50 °C), produced (95 %) of polymer with
(Min = 0.849-090 dL /g).
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Table (1) Physical properties of grafted (P.E) with Indene or Dipenetene (A1-A2)

(S avava vy (CHZ CcH ) oV Ve Vo Wal

No. Monomer (M) | Softening point (°C) | Color | Conversion (%)

1 210-220 White 90
CH3
2 ? 240-252 White 85
CH3 CH2

Results and Discussion

To modify asphalt with different types of prepared copolymers additives to obtain
different blends with improvement rheological properties of Iragi asphalt all these blend
prepared co polymers with asphalt were tested by softening also penetration points were
compared with the asphalt sample The softening point improved from (50 °C) to (53
°C), (60 °C) and (65 °C) by addition the copolymer A1 with sulfur with different ratios
(5 %) copolymer with (2 %) sulfur , (5 %) copolymer , (3 %) sulfur , and (9 %)
copolymer (4 %) sulfur) the mix was blending and heated to (178 -180 °C) for (4 hrs)
the best addition is ((9 %) copolymer (A3) with (4 %) sulfur) the soft point improve to
(65 °C) and reduce cracking , to reach stiffer blends at high temperatures and reduce
rutting , to increase the stability and the strength of mixtures to improve fatigue
resistance of blends , also to reduce structural thickness of pavements . Rheological
properties of Iragi asphalt was improved by different prepared copolymers additives
with high homogeneity of asphalts samples. The prepared copolymers which were
designed by inserting Dipentene or Indene through a linear backbone of poly ethylene
Then, the cross linking of (Al) was determined by sulfur (A3), which depend on
compatibility of polymer with asphalt.

Graft Copolymerization:

Percentage of grafting was calculated from the increase in weight of the copolymer as
follows:

% Grafting = WO -Wgl WO X 100
where) WO) is a weight of (PE) and (Wg) is the weights of copolymer after complete
removal of the photopolymer.
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Poly. (1) FT-IR spectrum of_Grafting poly Ethylene with Dipentene_showed
absorption peaks at (1660 cm™) (C=C) in dipentene , (2962 cm™) (C-H) in in
dipentene , (2914 cm”) (CHas) in dipentene , (2847 cm”) (C-H) aliphatic in

polyethylene .

Poly. (2) FT-IR spectrum of Grafting poly Ethylene with Indene showed absorption

peaks at (2847 cm™) (C-H) aliphatic in polyethylene, (3020 cm™) (C-H)

Aromatic ring of indene, (1716 cm™) (C=C) aromatic ring of indene.
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Table (1)DSC Grafting Poly Ethylene with Dipentene(Al)

Onset point I offset point IPoint of reaction I Peak maximum I Enthalpy I

-34. 3mw
at129.4°C
(8min)

-22.04mw
at 129.4 °C
(8min)

the inserting of C=C double bond through the back bone in prepared dipentene (Co)
polymers enhance to be easy cross- link with sulfur, enhanced thermal resistance with
more stabilities These prepared co-polymers (A1-A2) were tested by softening points
and penetration and ductility for all asphalt blends which were compared with the
asphalt sample . All the Improvements made by adding polymers to asphalt included the
Increasing the viscosity of the binder service , the thermal susceptibility of the binder ,
increasing the cohesion and increasing the resistance to permanent deformation |,
Improving binder (increasing in softening points and decreasing in penetration points ,
with moderate of ductility for the blended asphalt, also the cross linking of dipentne co
polymers were carried out by sulfur with different ratios ,which were studied Moreover,
the other improvement was observed through moderate of temperature of blend
condition at (180 °C) .

It conclude that the best additive which gave the high performance of rheological

properties of asphalt.
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