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Abstract

The objectives of this paper are to examine the effect of nano-particles on the pool type absorption
heat transfer enhancement and to find the optimal conditions to design a highly effective compact
absorber for ammonia/water absorption system. The effect of Al,O; nano-particles and carbon
nanotube(CNT) on the absorption performance is studied experimentally. The experimental ranges of the
key parameters are 20% of ammonia concentration, 0~ 0.08 vol% (volume fraction) of CNT particles,
and 0~ 0.06 vol% of Al,Os nano-particles. For the ammonia/water nanofluids, the heat transfer rate and
absorption rate with 0.02 vol% Al,Os; nano-particles were found to be 29% and 18% higher than those
without nano-particles, respectively. It is recommended that the concentration of 0.02 vol% of Al,O3
nano-particles be the best candidate for ammonia/water absorption performance enhancement.
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Fig. 1 Schematic diagram of the experimental equipment
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Fig. 2 Schematic diagram of the test section
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672

mm CNT

C1AI203

<
o

1 1 1 1
® © ¥ o
— o d o

0.06 0.08
Volume fraction of nanoparticles (vol%)

0.04

0.02

(1H3) 10108} JUBWSOUBYUD Jajsuel) TeaH

® O
o
O

|
i

1 1 1 1
0.02 0.04 0.06 0.08

1
0.00

& & 4 a

(M) oyel Jajsuel) jeaH

Volume fraction of nanoparticles (vol%)

during

enhancement factor

Fig. 5 Heat transfer

initial 3 minutes

Fig. 4 Heat transfer rate during initial 3 minutes

@)

Amabs

Mahs =

Atabs

mg,tot - mg,ts
Atabs

=
=

H AR
131
Ir
E

=
=
=
o
=]

KSR

g, tot =

£3%9] 2.3 9]
=]
=

]
H
0

X
N

m

3
1o

<

|

M
N

ol

b

—_—

(]

Fig. 32 CNT®9F ALOs Yx=SiA}e] FE-SEM 4]

R

g
N

Lo

]

T

mccp(:(Tc,o - ]:1)

(4)

Myps

@)

Q=

mubs, 0

_EH
o)
3
o
H
iy
R
n_mo
o
o
=
oF
™
R
n_mo
o
ol
i~
o

o)

ﬂo

o

~

o

S

<

il

5

&)

{E

=

e

_.ﬁﬁ

)l

i~

B

™

How

<0
q.mo

-

=

S o

o)

B
[l
T

s
1o

714

el 3

1
R

3714 Q,



673

Al NHy/H0 + H=%2p ¢

e

&isﬁﬁ%%ﬂrwm
— o X - > —
o T o ®r MEMOHTu..@_xUHfo.ﬂVﬂ
]o&vq_so% o0 T =l = FJx,_t 5
< H o %0 Qg fo W T R m RIS il e 2
™ X o = o b e — il wp oo - 8
R i mm%ﬂﬁﬁgvmyﬂw
s Z W&J%%ﬂ}%ﬂomg ﬂ%mﬂlﬂ@%mwmﬁj,
g = £ M%bnﬂ@lﬂuﬂ,ﬁﬂuﬂm%]o =0 ﬂuﬂ&v nniomﬁ . 9
c§ T2 vasﬂoﬂgqﬂﬂoqw y%ﬂ%bﬂ% g B O
Z X P = 5 ~C [ 70 0 oAfA| o‘mﬂ:C =)
o< @ £ " T 0 X Zop ® DT oo D — RARE e —~ Zo o T GE oF
g T = W= X2 PR LT RS 3 urx%ygioaﬁa T
-D S 5 S ovﬂll&uﬁ w B Rk 0SS N on H o -
—CE A ST g < B Z H o X
- %a%ﬁ%g%M@ﬂ%%ﬂ% mcoﬂvqmwﬁe%%%%m
s & F %ﬂﬂ%%%%%@ﬁ@ﬂaw ﬁﬂNﬁc1ﬂmﬂ%%%
| °5 ¢ @ﬂ%g%%%Ta@m@¢ﬂ w@%aww44@@ai
————— : g qﬂ%ﬂ%%]ﬂdﬂ mq}oﬁz_ ﬁodaﬂ __o_uﬁﬁmﬂﬁ,ul%ﬂiﬂmaili,ul
p ) —
2 5 bR RO g uy ] = o, < e
ﬁ HE IR L) B S T L
£ S ﬂ_aoﬂ%mJLﬂmﬂ_oﬂﬂ7ﬂdu [t N T S K %
J_ = < T ® 1|ov1rﬂ g :a%o7ﬂA] = oL o)~
_ £ L » ™ Jo [ X K 76 &kl X T v — N °
—— = K ™ o 1 K X
8 2 g5 £ quoMM%ﬂﬁl ]ﬂg%ﬁfdﬂ Njo o %EﬂﬂWHEaaﬂmh
= ° = £ = . I I R TR
= TE WS = RGN O M= 23 B T do
o w & ~ LtonﬂlA]at o1 5 TN ~ T Mo B R
____8642m XiTm,ﬂ X %oﬂod; ™ o Em ol oF T
_6.2m..0.0 of T T o T
§E 439333 ™~ wuxmﬂww%%%ﬂg%ig
diosqe annoay3 1= & o N m o T ON
Qmw_vo_u.m._ uon LL ﬂ.ﬂia Li,mﬂmﬁmmdao \Mv/nﬂ‘ﬂ OC
T o) N RT T W LR 3=
- C I LN ) urﬁuﬂ%wwﬁ“wW@vOﬂ i
A 0 T w T S i o _aﬁ B __3 = plle
@ sﬂmﬂ%wrﬂl&e;omﬂ e 2 ﬂr.owui:ooqﬂm
g & £ q%w%%a@wm_ EFgwd T e G K
40 = < - 0 T
_MAM o O/W\ S wﬂoAiWOE‘u_/rw EMH o#eaLATMWUWMWHEW\IHooEﬂ
o< m « 1%%%&%&@%@% %u%drﬂﬂwoWMoﬂﬂoma
b 182 =3 Hxﬁuz%o%%wi@%mﬂ LT s R
o ° 8 = w23 .Ho_Mﬂ;JVﬁu 0 ° _%er,o}M%ar%m o I
S %M%Mocioﬂmlmwif r%ﬁ%%tgiﬁfﬂéﬂ
g < £ = Eﬁﬂg,xéo_ané zﬂyi%% Ai_@.%ﬂ
o« 1° s 3 ﬂw%}nﬂzwoﬂuﬁdmew Tl 7ﬁﬁﬁu_ﬂrﬁi_%% 2
s s o 4EwﬂﬂHMEQH%}ﬂ T gmmﬂL@M%
o B © ooﬁe_ﬂu7ou,|.l ~ < T B ~ RPN
= I o S o o) a g
l °E ﬁ%%&@mgnnmgwg g%7g%MW%@ﬂyﬂw
= —_— TR = ~ 0 - . . o
i E B ﬁﬂ%%wﬂwﬁﬁ%ﬁ LT %Mmudﬂoﬁﬂm%%%wwq%
= ]]]] _ —_— J|2 X ‘_Jl‘.uﬂﬂ ol ™
./ 18 2 2 _Mﬁx,_o7wﬁ cToﬂlwwé __o_deﬂ,WwawEATdrut b Q o p-
. p 3 N = .%a«ma M oo ﬂi%w = X
L J © u%drﬂ ﬂﬁ.ﬂ_ﬂraa% S Ho Mﬂ_.mzﬂm PLﬂLmﬂL_ﬁoA7
T R . ﬁﬂ;ﬁt%%L%@ -2 A
{ - o ~ 0
=S £ R SRR F R
(s/B) are1 uondiosqy W ,A

Al,O; 1}

1

T

] CNTH. T}

3 O

PR

[e;

B



674 ol X787

0.005 vol% 0.01 vol% 0.02vol% 0.04 vol% 0.06 vol%

(a) AlOs binary nanofluids

— . —e o

0.005 vol% 0.01vol% 0.02vol% 0.04vol% 0.06 vol%

(b) CNT binary nanofluids

Fig. 8 Visualization of distribution stability
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