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Appendix A

Table A1 Summary of correlation for thermal conductivity of hybrid nanofluids

Nano- Working Correlation Author
particle/ condition
Base fluid
- - by kp1¢p1rbf kp2¢172rbf Chougule and
A ¥ Sahu (2013)
ky kg pi(1-{dp1 42} kbf”pZ(l‘{¢p1+¢p2})
ALO3-Cu/ | ¢$=0.1-2% ok 1702k o Takabi and
Water by T A0k 20k, 6,0k, | Salehi (2014)
b otk p1 90k
oty ~ @k + oK)
Ag-MgO $=0-2% by I 10 + y Esfe et al
(equal)/ — - : - — 3 (2015a)
Water by OAT4TXI07 - 0.1498x10°+0.11ITx10" ¢ +0.1997x10°¢
CNTs- T=27-57°C, ‘. Esfe et al
ALOs/ ¢=0-1% o 1.05 + 0.0057 + 0.06¢ + 0.00994T + (2015b)
Water gy
O.OO317T2 + 0.026¢2 + 0.0034T2¢ + 0.00735T¢2
MWCNT- | T=25-50C, kf 07035 20,6009 Harandi et al.
Fe304 $=0.1-2.3% 7 =1+0.0162¢"""°T" (2016)
(equal)/ EG k,
ZnO-TiO2 | T=25-50"C, k Toghraie et al.
(equal) / EG | ¢=0.0-3.5% i :1+0.004503¢0~8717T0~7972 (2016)
Ky
MgO- T=25-50C, | Afrand (2017)
—0 (.0 €0 nf 0.24377-0.289
ftMWCNT/ | ¢$=0.0-0.6% =0.8341+1.1¢9""°T
EG iy
MgO- T=25-50°C, i Vafaei et al.
MWCNT/ | ¢=0.0-0.6% | = 0,9787 +exp(0.30814""" ~0.0027 (2017)
EG kbf
Ti02-CuO- | T=30-50C, k,, | 69209 ¢ T O Akilu et al
C/EG | ¢=052% |7 ~=!"6 (W) (gj (2017)
SWCNT- T=30-50C, | Esfe et al
MgO $=0-2% Y = 0.90844—0.066134°T"7 +0.01266¢4""'T | (2017b)
(20:80)/ EG ky
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DWCNT- T=30-50C, | Esfe et al
Si02/EG | ¢=0.03- al =0.9896—0.07122¢+(0.02705¢°-7685T°~6”) (2017¢)
1.71% o
+1.531x107° 17
Si0,-TiOy/ | T=30-80°C, . 0ol Nabil et al.
Water-EG | $=0.53.0% | Ko _(, 4 ) (T (2017)
(60:40) ki 100) |80
CuO- T=20-50C, & Rostamian et
SWCNT $=0.02- Y =1+ 0.040564T —0.003252(¢T)" | al. (2017)
(50:50)/ 0.75% b
EZSFZB-)EG +0.0001181(47')’ —0.000001431(47)"*
MWCNT- T=25-50°C, | k, p 05111 Zadkhast et al.
CuO/ Water | $=0.0-0.6% —=0.907exp(0.36¢" """ +0.0009567T) (2017)
of
Ti02- T=20-50°C, | k Akhgar  and
’ nf . :
MWCNTS/ | $=0.05-1% =0.006(¢"” )T +1.014 Toghraie
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ALOs- | T=25-50°C, | k, =0.607—0.005¢ +0.0094 +0.109¢, —0.059¢4,*| Moldoveanu et
SiOy/water | $=1-3% 10.0134, al. (2018)
Si0x- | T=30-80°C, | &, s (T O\ Hamid et al.
TiOy/Water | ¢=1% —-=117(1+R) (@j (2018)
+EG o
Where R is the mixture ratio
ZnO-A T=25-50°C, k sfahani ct al.
(50:50)g $=0.125- - =1+0.00087944" 77" 25618)
/water 2% o
MWCNTs- | T=25-50°C, knf 06981 356 Kakavandi and
SiC/ $=0-0.75% | 7= 0-0017¢7" T +0.981 Akbari, 2018
Water+EG o
-MWCNT- | T=30-60°C, | &, =0.7857%2%p 00 000 Balaga et al.
Fe,Os/water | ¢=0.01-03 | (2019)
wt%
GO-A1,O3/ | T=25-50°C, | k Taherialekouhi
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bf
ALO:s- T=25-65°C, | £k, o e Sulgani et al.
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Ti0:;- T=20-60°C,
MWCNTs/ | $=0.0625-
EG-water 1%

k.,

— 1 + O 01 87¢046719T0.6913
bf

Moradi et al.
(2020)

Table A2 Summary of correlation for the viscosity of hybrid nanofluids

Nanoparticle/ | Working Correlation Author
Basefluid condition
Ag-MgO 0=0-2% p Esfe et al.
(50:50)/ Water A 32,7959 T214g" + 7146004° — 01941 x 10° ¢4 (2015)
ﬂbf
MWCENT - | T=5-55C, |/, —796.8+76.264+12.88T Asadi and
ZnO (15:85)/ | 6=0.125- ' Asadi
Engine oil 1.0% +0.7965¢T —196.9T —16.53¢T (2016)
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: —N_10
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SAE40 b
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— 0 )

Bv/I;ZaSNT /| 9=0.1vol% Where, R is the ratio of hybrid nanoparticles (2020)
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Appendix B

Uncertainty analysis
Equations to find out the uncertainty for various parameters is based on the procedure of

Kline and McClintock, 1953, have been included in this section:

Heat transfer rate, Q :

. < N\2 2 2 2
A -T
AQ — [AVJ +(Apj + CP _}_(A(T;m Tl’ﬂ)} :i287%
Q 4 P ¢, (T, —T.)

Thermal resistance, R:

AR _ [ A -T,) 2+ A0 —+2.88%
R (T,~T,) 0 '

Thermal effectiveness, €

th

2 2
Agt}, — A(T;‘ - T;n )hlzf + A(]; - Zn )bf :0 13%
g (Ts - T;n )hrgf (T; - T;n )bf

Hydraulic diameter, dx:

2 2 2
Ad, _ (chhJ {MehJ +(A<Wch+hch>j —1.02%
d h Wch hch (Wch + hch )

Mean velocity, Umn:

- N\2 2 2
Ay _ AV [ A% ) A | g 780
um V Wch hch

Effective area, A:

2 2
% _ A(Wch +2hch) + ALCh =+1.2%
A (Wch + 2hch) LCh
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Reynolds number, Re:

5 2 2 2
ARe  [[ApY (Au, | (Ady) (Al _ 500
Re p u dh H

m

Heat transfer coefficient, h:

M _ |40 (%j AT-L)) _i3 110
h 0 A (I.-T,) '

Effectiveness, ¢:

2 2
E\/{Ahhn/.] +(—Ahbf] =+4.38%

€ Py bt

Nusselt number, Nu:

2 2 2
ANu: (A—h) + A—dh +(A—kj =+3.83%
Nu h d, k

Friction factor, f:

gz\/[Adhj +(A(AP)J +(AL011J J{A_/"j +(2A”mJ —£2.76%
f dh Ap L(,h P u,

Pumping Power, P:

.« N2 2
AR, (A (AP)) _L o seo
P, Vv Ap

Coefficient of performance, COP:

P

acor _ A0V (AR, oo,
copr 0 '

Figure of merit, FOM:

2 2 2
AP, AP,
AFOM _1 (3A5) o Bl | [ Al | iy 390,
FOM 3 2 Pos P,
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Performance evaluation criteria, PEC:

2 2 2 2
APEC _ ilx 3A‘Nhnf n 3ANubf + % + % =+5.57%
PEC 3\ Nu,, Nu,, Sing /.

bf

Mass flow rate: m

. 2 N2
A_mJ[A_p) (Mj 2 06%
m Yo, V

Total entropy generation rate, dgen:

AS A} (e, Y (AT, iT)Y (an} (A(ap)Y (apY (AT
__gen (_j + P 4| —out  ins +[_j + +(_j + m
Sgef’l m c}? (7:7“[ / 7-;" ) m Ap p T

=4+5.05%
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