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Optimization of energy and exergy ratio by mineral insulator in a room
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ABSTRACT

Limitations of energy resources and the essence of energy saving necessitate the use of the suitable paint to prevent energy waste in various buildings
and industries. Ceramic insulations are of particular importance due to high thermal resistance, low absorption coefficient, and easy operation and
implementation, caused by existed micro-particles in their compositions. In this study, a three-dimensional chamber is considered with real
dimensions and boundary conditions are varied. Using Boussinesq approximation and due to the low Reynolds number, modeling and simulation
were done using k-g turbulence model (LRN), Do radiation model and Piso algorithm. Methods such as LCA technique, Exergoeconomic
calculations, and exergy rate are also used for economic calculations and exergoenvironmntal factor is used for environmental impacts. The results
indicate that exergoeconomic factor varies in the range of 45% to 85% and average exergy ratio of about 1.5 kw and the efficiency value of 90% are
noticed. Finally, it is shown that the use of ceramic microparticles in the external wall of buildings saves energy up to 18%.

Keywords: Optimization, exergoeconomic, exergoenvironmntal, ecological assessment, ceramic microparticles, energy saving
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Table 1 .Physical and chemical properties of the spheres [16]

[16] &) 5,50 (oloowd 5 (Supd ols> 1 Jgur

Average Solid properties Aqueous extract
Microspheres diameter composition (% w/w) Density Oil absorption Souluble material Conductivity PH
(um) SiO, Al,O; (g/ml) (ml/g) ( mg/g of sphere) (uS/cm)
LCM-121 100 53.6 38.6 3.2 0.293 1.6 128 6.68
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Table 2 .Results during heating process (Wall heating systems)
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Microspheres Energy ratio Exergy ratio [kW] Efficiency[%] Exergoeconomic Exergoenvironmental factor Total cost
[kW] factor [$/h]
LCM-121 72.094 1.825 87.56 75.33 33.16 1.793

Table 3 .Results during heating process (Floor heating systems)
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Microspheres Energy ratio Exergy ratio [kW] Efficiency[%] Exergoeconomic Exergoenvironmental Total cost [$/h]
[kW] factor factor
LCM-121 84.094 1.543 91.34 85.23 43.06 1.793
@16 mm
A .
2@7 Section of A
PN G L Insulation 200m , k=0.04 W/mK
R . Concrete 30 mm, k=1.4 W/mK
Tambient Wood 20 mm, k=0.16 W/mK
L¢=1m
Bﬂ}{w 1(m) , H=3(m) D16mm
. Trw )
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Coating W=3(m) P Section of B
Y 00 0or=29° -
Floor Heating Pipe ;
Insulation200pum, k=0.04 W/mK
X Concrete 30 mm, k=1.4 W/mK
Gypsum plaster 20 mm, k=0.35 W/mK
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Fig. 2 Geometry of problem and numerical values
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Table 4 .The results of LCA analysis of one year insulation of external walls

Fig. 1 The schematic representation of the geometries (Fifteen pipes in
the wall or floor is intended)
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Floor heating system (W) Efficiency Wall heating system(W) Efficiency
Microspheres ~ Without microsphere  With microsphere Without microsphere  With microsphere
LCM-121 3204 262.06 18.21 307.6 240,61 20.91
Som g mbs -3 e —4-2

&5 ST gobaidl b5, -1-3

5 2575 (ST Jelod g a3 ol (658 golaill Jlow 5 5o
ssky el 5 izl ol ol leanie ololis 5 solazdl Lo
@ boye sloansa Sl 485 3 (cwyn )90 ple Laze )3 (S
Ol g col eal Al mias 0 bz ST g olge ples
oad i8S 5 50 (65,81 W alex Sl s lpe (oaled 55 (Sealiadge
W3R Geizmed g e ;O paie 58l (65 ST gladn e anlis ol
L ase Gososte Rl a0 1) vk Dbl (g IS ale o sla
Sy SR 2L p (e 5 ST bl Lo 5 a5 S (oo ol B
olatdl Llos 5 wi S sleieyn o Sl 558 ame
e Sladislge 51 a b (i) Lo SISTAS dms oo (LAS (55 ST
L5t oo g 328 tmgn poo 5l (Kl plie 5 aites e
Sl D395l Jolo @S 3580 Sl (Fmj Lae Jelge
soboles sl ool 41413 92 Jooz jo siale S sl £55 93,0 (lp
5992 30) 2Vl e ol 51 Sly,Se 5l 58 ol w05 o camlive oS
25 4 il phens ja 0 56l Ep ks Jlogsp (so)0 80
ol eyl Gy b illas (55,81 S5 alais 5l el adly als kwl0
el KW Sl b ccenlie o) sl s

syl oo ,F sl g b sl slows ) Jae Pl 5 olebs] jsliieey
53,8 8 sy 05 JS S JLo b awslas o it sleo S o
ctbie ol s Ly, Jsho 212400 b aSiis olass Lyl b o oaslice
ot edle U5 51 a8 Gl ol s ad e 5 desy meble>
2 aed wx Sl G Rl ey 4 anly SYolee (gileainge Cur
O dwsin S pl 4 4z b el sad by iz o] ab i,
gz b oolaiwl et ganaSln g sle e e SOl
sl ylaz (gl Kos i3 g (I52) Jlw ol 361 sl ) s
boipe DYoo hsS Sz 1090 (o0 (omyn 5 el g 0)lns (50 Ll
2 ol e bl oad sl grm o ,gSl 5l LS g S 4
Wlne o5 28,5 47055 lyiign oy oS o i ol ¢ 4l Al o
bl a5 05 3.6 %107 L, 2l g o pizmen )l 13 LL > o
@ bgpe SYolae giludtnns Cuz Spbe (B Slalre lp IS
@bl Ghls blae Jo slp a5 oo oolital gy S5 5l JLaS @598
@l b9y 5 pstiase 5 5l S¥olee Jo sl etz ol sl Sl

ol 00l oolaiwl Jol 4 o aiyg

391 9 G Sl 5 £ oubodyous Slallips Gl xS (o9 wIlie dcgeze 13 ojlaib 16 095 1395 jiw (uide Splke Lwdiie 242


http://journals.modares.ac.ir/article-15-3898-fa.html

Downloaded from mme.modares.ac.ir at 23:55 IRDT on Monday May 7th 2018

i 95 S U (gl w JLES] I iy 4

UbloD 9 LS ol (145 00

Bl S5 )3 F3ae Gale Sl o slaimwl b 5 msT E 55 9 5503l wdisg

b pials b as plassls jsbines o iy Lo sl 350 51 30
Olym Gl 1) oy cnl & 09 olpen (St lanze S1SU 51 (S50
d S e ISl p Ol g e 0L @Sl (S
03L ) sty Lo (sl polie 45 el 0ud (53 (prizeen (5 Jgu2)
WSy 0y90 lp Sl loyg0 (bl @l WS 0 S ploj GRalS
el e Sal 4 ()l e g9 5l aslllas 050 BT c2abe S
Sloglis ol 5 o ad, B slge oyl Jal g o alis Jooa

ol Q2le3s 39290 gl ;o ol

S 5 4o -4
Gy Sl adS 5 laas] B oy el cils a3 > b)) 5l eolaal
) Jyame ads e 551 Srae g adsl slse glisial 5l 20 lasoee
a8 g ale il ol 5l Jols Slals 5 Gras 0505 3k
S es a3y U5 5 ol Sl cblis glabsy 5 e S BT Jolw
Slo e o5 om 9T ol Bl b ol gy B T8 b Jpane
Sla, plml 4 Sz g gladhaie ((Jowe wlde o 1) b Ldow 4520 )
Al sl Al e e 0 o ame Caj Sl GRalS S syl
Slolpatog dlin ol jo jlo oo pdy GGl ) Cwas @l L Jgame adss
2 b sty s (e Canj (2bs)) lp (SLal Lals bl e
6‘0)90 Ls’b))l uas) JL@&‘ L’ L] 00 o0l ka Sy ‘_g)‘\_\fAJLoJ.w
S sk el oty mu B jho 51 i) lsee 23 lapy 5liey90 Sl
oy dagmo (5 ST o555 Bran 2 01 5 5 GBI (2l s (i
b auie plo s daore o 2bil (g5 mST 5 w03l (g5 ST slaidl
b ol s mbs cales ;o 5 285 18 alllas 5 oy 990 e )0
5 45 sogume ;o angp lade a5 ol glis ae Cew; b3yl @
el cewns %085
Sl WTE B 26 o jlaie cplaS ols Lis (65 ,uST olaidl adlllas @
oS =0 /9 $/sec Sga> lawgie jebdy ool dewle JS anie @
D olyem s 1y e 25 o e
%18 sgax> o Sl o )39 e 5l oolainl b 65,0 (590,00 e @
5 ol axwg il pdgaass 5l bl belen (L3S0l sl 2 @
ryar 5 wgh eolitul plaile o sl Gslod ol 5
e S oy 8 (S0 falo e 5 IS 5| el
Do oo Ll plynan gle g5 0 4z L
9 s o &S aore Cug) g golaidl Gl s glaie 4y @
50 e Cany g obaidl Sl g 450wl o sl o] gl
b JeloS g 452 (sils cle S e 9 (Gl piens
255 el (65,81 potie bl
Sy 427 53667 o5 4 53515 55 003k @ls Geizpen @

el

Sz (o A Slaise jo Gl ojlens jo Suse sbgle 13U pioren
5 & GbeS lapiuns )3 65815 655 Sras Siluane
el Sty ) @l 5 285 18 adllhe 0550 (5l Sale S

ool GBI ()5 0)lseo po (Gome sla@le 658 Lulpd e @

65 Ao pu (SLD pg2 (55 -2-3

oy o9l Gladely 5 e Cony gbracr Ol 4 L)
Silole Sl 86 ame ) b 5 lie S eoliul aiile) 1) lae
30 pl sole (40,9l Cawns Al e 5l Jgazme SO Sl 4> e o (»
Tt 2 @l e b adlilh ol Sldee Ll woolinul s Jsbo
Sl b 60 ojlil g plalids j3 Sl as > oLl S
s Jo 5o oF sl o osm 5 ceny buzme s olse 5550
o @l LSS s 5 ol (il (seges (uizmen 5 SLie 4z e b
gl 5 piee e Jold )5 atals ol oud as eslnal (s,
g asdllas (o Hla58 j50 ooliinl g faoge 4 Dl ax > Sy Ol
Pl Bas 4w sdes jobay Ol a3 > b5l Cawg g Ges o)
Chz o 85 635lse po el pebay ally Sglite Wi oo (Db dS
(bl Je @byl Sl copse cabes Gl e
Jyame 285 5 0y wnlp (ads 0oy Jsb 1) pb degs SV garms
SNy Sz Jlos g 43505 Jle plgien |y Bras o9 pledl 1
slo)lSel, Sl (o5 Gle Cwzr o glabede JB jsbay Wiy
Ol 0 S ST oves G6 S el g amlie jshaie @ (Sl
5 slroylsss s ol sl slapladl 5 olic 36 ol Bus allis
5 i 5 361 slao,lss 5l CtSKilr ail s Cany) Lame Lzl
St (3 5k b)) (hasee Sy anngy Sl o 2 Sl
5 anld el g 4 (b, €95 ol 45 Cel S5 4 3Y 00,5
Ol 5o GBI Gl (095 (B oy S gaze dihe yas 09 5l a5l
T bl 1y adgi 4z Sl Guils S (SeSa eizes 5 4k
0395 S 3 GBI o 655l Sran Gl al>e (nl )3 izen 090
3 bosls 4 ds” sl o a8 3l o (g0 Slas axly SO lein YL
5 ools a5 0l (B8 uized g b 48,5 SIMAPIO  jl58la 5 ol
L L oS wivg oad 5yl e Glnl 5 SV game al Wy gals )l
4 Ol b a5 a8 e @al 2 1) oblie by, cnl il e 99 Cen ) Lame
0,5 eolatwl Ope Bus alws odjl Bl> gz, 1, Bas alwd
o oy s Sy dazme ColS ludl bl Tpzen glo sl
Glasgaze lytn Ll ame Sy sloatsS cuiles b glie
b S0y 5l aS wisdoe able guldS Clodbl &y oliws sl ez LSy
Lo slooanS Coilas ol bL3J| o amme o) Cupoe Slaal
Sl Shlas g phsST o )l )3 (o Sl B (S
ety e glooaisS coniles cenlie Gl S e Lyl o] Sl i
2,18 el Jlwy Slilos 10 Gy Larzms s Co e Sl Sse
Slidss Copde ;0 G Al > Cem b p b )

S0 0l aile o)‘dq 3 Sl 090 gb))l ol g 4y 3005 )l alol> CJL..\ 5‘_’59\7

JUS; Se
Table 5 . Energy saving Comparison
LCM-121
Floor heating system 715
Wall heating system 655
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