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ABSTRACT

An analytical-numerical study on the thermal behavior of nanofluid in a cylindrical heat pipe is performed to investigate the nanofluid application in
air conditioning systems. Pure water and Al203-water nanofluid are used as working fluids. A mathematical modeling is developed to predict the heat
transferred by the heat pipe between precooling and reheating sections of the air conditioning system. The obtained results by proposed model are
validated against experimental data and a good agreement between them is observed. The effect of nanoparticle concentration and size on the amount
of energy required in precooling and reheating sections are evaluated. The results reveal that using nanofluid can dramatically decreases the
temperature difference between condenser and evaporator sections of a cylindrical heat pipe under constant transferred thermal energy condition.
Enhanced condition for precooling and reheating processes is provided for higher concentration and lower size of nanoparticles. Also, not a
significant variation in heat transfer is observed by increasing nanoparticles size beyond 40 nm. The findings of this study prove the potential of
nanofluid application for air conditioning of buildings located in regions with hot and humid climate.

Keywords: Air conditioning systems, Nanoparticle, Precooling, Dehumidification, Reheating

I, ol Jusl &5 Sl go 51 algd jo Dl3sl 5l eolaxul ol by 1y sl am g lidgil =T gmibigw 5 (5,1 algd o jen oalisul
ooliiul o)l jo allie sl aes al3dl (Gop Ols s 3l & 5L e Sl Jase S glsar Sl dgd el 08 Qi 3l gL
Please cite this article using: " lod 03Ul B3 oyl 5l e ol & glayl (610
P.R.Mashaei, S.M.Hosseinalipour, H.Fazeli, M.Taheri-Ghazvini, S.Madani, K.Esmailpour, Simultaneous application of AI203 nanoparticles and heat pipe in an air conditioning

system, Modares Mechanical Engineering, Proceedings of the Second International Conference on Air-Conditioning, Heating and Cooling Installations, Vol. 16, No. 13, pp. 213-216,
2016 (in Persian .,)

[ww.SID.id


http://www.sid.ir

Ubled 9 Sliropas ) oly

E9boo 3545 i K3 ) )b alg) 9 liseglT wl) 393l Ylojod S8

e T9e slos wolsds Cagh; 4 e Hobiie 4 (pldjiush) wnl
5 vazme iale S 4y GUI sles 4y oy gl 1 00 5 o 0 s ol
@lisee slizl 0,5 o0 Dhge Sl Ay jenilaiS asl jo el cplcol
elad by Al gled .l oal ools ol "2 S o Sl )

Deds oo 48,5 Jlai 5 BMM o 7TMM MM 5 5 @ alg Sgym g 5l

el Gl -3

(1 sl pj slogoyd p» ime pol> anlllae 4o ond ooliwl Joo
4l 5o oyl JUnl il s (2 aase &) ool Sl 0 b
S an b (4 sl 31555 Sl o5 ae8 (3 bl e culan e
sshied D9dioo n le L JAle Lae 5 was el £ (SS
O] o5 o 4385 1L 50 o5 i i (550 Laalpd (0,5 (Kam

0=T-T, @
Aly ) Doty dlgiul J)le A g 0 65l doles 1A g
25,5 o0
0%6 106 09%6
= 2
or?2 ror 0x2 @)
el ol 15 (6) 1 (3) slasdoloo b s 51 5350 Lol
a6
Atx=0andx=L->—=0 3
x x - % ?3)
—_ a6 —_ kwick
AT =T = o S e amlos(r /) @)
Atr =1y - q(x) = —kwallﬁ =
qe 0< x <L,
0 Le< x <L+ Lg
qc Le+L,< x <L,+Lg+ L, (5)

et (S e (b S colse oo Le gLy Le @y 1y 00 q koS
23l Jsb 5 Sllol b Jsb oilnlyl Jsb (ol glads Gy
05 g0 dpmslons (B) ally ) 523 jpmlaiS’ (5 )L 0l oo

_ Lege (6)

qdc L.
[10] 555 oo Jol> (7) alas] 5 Jodsvio amb 5o (), Culan cu o
_ knf[(knf + ks) -@1- g)(knf - ks)]
kepr = )
(knf + ks) + (l - 5)(knf - ks)

9 Jhwsl Gl cupe (JRN cupe g aks gkps & &S

el Joo 5l Jhwgl )l colan vy Glyaiis sl WS 5l
[12117] 00,5 o oolisl JgmuSlo o

ky, + 2k; + 2(k, — k¢)(1L + B)3
e = (220 22 QD 0y, ®)
ky + 2kp — (kp — kp)(1+ )30

r Evaporator

Adiabatic ~, Condenser
s

\ Vapor region /
—>X / — \
VN VYAV

Lc=0.4m

I&Porous 7‘
region

& 3

Le=0.4m

3

L=02m

Fig. 2 Various sections of a cylindrical heat pipe
Syl )l Ayl o Giliste slacaand 2 JSi

Sl ot pania[1] hlSen 5 oz b )l dgd 58 Sdgl
IS (Saws Gl Ay o 50 17nM e LM &lidgil g of (sl
6 Gkl Spson [2] e 5 i ab ab S 54 SaS
dgb Syl o les ) poilid ST 5 Gee dnST gl S350
ol Jlaosil 0,15 [B] ()50 5 (b 50,5 gus) 2 Sl (5l
L oS Woges oamlice g aisly 13 yiolejl 0j50 Sl agd o 1) Mb
oals 37% G 20% o S, Ay Sl Caeglie Dl 3eil g8l
2 Jlgil 5l oolitul a5 w3 sloriey [4] ibned 5 (i b
iz )5S gl s oyl S Wl o Lsilulsl 90 b 5yl alg)
Gy Gaciand o e ) 5l eolinul 5l ams Lo sl ojleabe
b @ly byl 090 ek dises laptann Gl Sk g Giulee
OllSen 5 oy oo S 5500 |y Slalllas el 3l oms [B] oS 5 S5
s Giloym iy sloan]p s @55l Brae o5 Ko 5055 [6]
Sy e ;86 wbee 5 Sl Wyl eslinal b be)S
Uyl 4 e ghae gl e )3 GleS 5L sl )S jlade 5 Cugh,
i)l 0550 (nle] Sy [T] )l 5en 5 0l )6 S bawogs 5],
151, 55 350 @5 5l gl 5l eolical a5 wisls Les Laosls . &l
Den S e GBI Cagk, Gl 5 aad e a5 e Sk 4l
So 2 ) Sil Wy Sl plesen 36 [8] ey 3552
R IRE N S S i
18-100% 4 8.8-31.5% 52 ab 0 ey ikt -0 5 Jlewssili 51 ool
2008 o tale)S 3l s Giule s Gy sloanld 5o s se 35 0
Ayl mhaw slod x5 (058] Camdas slp Jdzs Joe S ol alllas
aS 0gd ge 0ol lis ol Hla Lyl con sl 00l ools dnngy )l >
Olalop iy sloan 1 gl 1) s le)S Ll pd Jlowsil 1 ool
lesS » 0,590 olail g cdale (36 izmen S oo ol ale 5L

23,5 oo &ly (b)) 9)90 b Alsle

s Cigogi -2
Vb sl (S 550 5 s Ysome orlae s (o208 Sl )2
o i j0 0 ge oolaiul ploicask, anld 5l am s oy
S 008 o9z e S5l Sran j0 b 3ghge edlitul (5l Ay So
Olas L S 5 el ond pme ()l a4 45 ggekas g4 s
HPIRlel o3 ) yge alanly 4 (9 )5 5 ok ye lomSenl oud 03l

Pl b oaliso omly oF sloo g 903 o Cows 511 355 (5551 (5> o)

Toward Room
1 CylmdrlciIl\Heat Pipg

= Adiabatic :Condenser

1 1

Hot and humid outdoor air
—)

Dehumidification

|Coo|ing Coill

Fig. 1 A schematic of an air conditioning system equipped with a
cylindrical heat pipe

S5l 5l ) S & e 3ok 4055 i 2 oy ,b 1 JSC

G392 5 G Sluwls 9 ¢ orbeds s Slalliyn (il paiS re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wdiae 214


http://www.sid.ir

U 9 (Sliropss ) ey

E98h0 Q3945 i S )3 ) gl 9 LaeglT waly 395L Ylo jwod S )8

[18] (olaslejl slacsls Jlio ;5 pol> (gjloarnd 5| Jol> o slos 1 Jour

Table 1 Wall temperature of present simulation against experimental
data [13]

() s (K) giload b (K) allnlel sleosls x(m)
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Fig. 4 Effect of nanoparticle concentration on wall temperature profiles
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