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Author(s) Nanofluid Characteristic Parameters Methods Years
Impacts of nanofluid flow on
Akbarinia [3] nanofluid flow frli\?tion factor and skin fricti.on factor and Nus.selt RSM 2008
usselt number number in curved tubes with
constant mass flow
Design of microchannel heat
sink with wavy channel and its
Zhou et al. [9] microchannel heat wavy channel time-efficient optimization with RSM 2016
combined RSM and FVM
methods
Two phase simulation and
sensitivity analysis of effective
heat exchanger combined heat parameters on combined heat
filled transfer transfer and pressure drop in a
solar heat exchanger filled with
nanofluid by RSM
Evaluation of viscosity and
thermal conductivity of
graphene nanoplatelets
nanofluids through a combined
experimental-statistical
approach using RSM
The optimization of viscosity
and thermal conductivity in
viscosity and hybrid nanofluids prepared with NSGA-IT
Hemmat et al. [12] ND-Co304 thermal magnetic nanocomposite of 2016
. . . and RSM
conductivity nanodiamond cobalt-oxide
(ND-C0304) using NSGA-II
and RSM
RSM and ANN modeling-based
optimization approach for the RSM and
Huang et al. [13] ultrasound ultrasound-assisted development of ANN 2017
ultrasound-assisted liposome
encapsulation of piceid
Optimal factor evaluation for
the dissolution of alumina from
Ohale et al. [14] alumina factor evaluation Azaraegbelu clay in acid
solution using RSM and ANN
comparative analysis

Milani et al. [10] RSM 2016

viscosity and
thermal
conductivity

graphene

nanoplatelets RSM 2016

Iranmanesh et al. [11]

RSM and

ANN 2017
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Analysis of variance (ANOVA) for Friction Sample 2 :Y Jsi>

factor
Source Adj SS Df Adj MS F p
Model 1.47 13 0.11 98.76  2.51107E — 054
© 1.430E —003 1 1.430E—-003 1.25 0.26667

Re 0.34 1 0.34 299.67 3.46347F — 033
@Re 2718 —-003 1 2718 —-003 237 0.1267

? 7.561E —005 1 7.561E —005 0.066 0.7979

Re? 0.23 1 0.23 199.01 2.00406E — 0026
»’R 1.117E—-004 1 1.117TE—-004 0.097 0.7556
@RGZ 4.185F —003 1 4.185FE —003 3.65 0.0588

3 3.743E — 005 1 3.743E —005 0.033 0.8570

Re3 0.17 1 0.17 144.79  8.64685E — 022
0> Re? 1.565E — 003 1 1.565E —003 1.36 0.2454
©3Re 3.01bE—-005 1 3.015E—005 0.026 0.8715
pRe? 3.264FE — 003 1 3.264FE —003 2.84 0.0946

o 0.000 0

Re* 0.13 1 0.13 112.82  1.45576E — 018

Residual error 0.13 110 1.148E — 003
Total 1.60 123

Standard deviation = 0.034.
Predicted residual error of sum of squares (PRESS) = 0.19.
R2 (Adequate) = 43.821%R2 (Predicted) = 0.8782%R2 (Adjusted) = 0.9118%.

Analysis of variance (ANOVA) for Nusselt Sample 2 :¥ Js4>

Source Adj SS Df Adj MS F P
Model 593.26 13 45.64 846.87  4.84155FE — 061
@ 1.298E — 003 1 1.298E —003 0.024 0.8772
Re 0.20 1 0.20 3.66 0.0606
pRe 0.45 1 0.45 8.27 0.0056
0? 5.590E —003 1 5.590E —003 0.10 0.7485
Re? 0.037 1 0.037 0.68 0.4133
©’R 1.32 1 1.32 24.44 6.88554E — 006
pRe? 3.80 1 3.80 70.56 1.31233E — 011
o3 7.615E—003 1 T7.615E—003 0.14 0.7084
Re? 0.011 1 0.011 0.20 0.6581
©%Re? 5.05 1 5.05 93.78 1.00598E — 013
©*Re 1.36 1 1.36 25.31 5.01964E — 006
pRe? 0.077 1 0.077 1.43 0.2361
ot 0.000 0
Re! 9218 —004 1 9.218E—004 0.017 0.8964
Residual error 3.13 58 0.054
Total 596.38 71

Standard deviation = 0.023.
Predicted residual error of sum of squares (PRESS) = 6.97.
R2 (Adequate) = 116.287%R2 (Predicted) = 0.9883%R2 (Adjusted) = 0.9936%.
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Analysis of variance (ANOVA) for Fric- ,5 S\&awl b 1 f Jsis
tion Sample 3 factor

Source Adj SS Df Adj MS F P
Model 2.72 13 0.21 94.91 1.74414F — 058
® 8.104E—009 1 8.104E —009 3.678E — 006 0.9985
Re 0.74 1 0.74 336.83 2.09171E — 037
¢Re 1.132E—-003 1 1.132E—003 0.51 0.4748
»? 5.542E — 004 1 5.542F — 004 0.25 0.6169
Re? 0.50 1 0.50 226.07 6.77035E — 030
©’R 2.695E —004 1 2.695F — 004 0.12 0.7272
pRe? 5.824F —003 1 5.824F — 003 2.64 0.1065
o3 6.192E — 004 1 6.192E — 004 0.28 0.5970
Re? 0.36 1 0.36 163.80 1.52656F — 024
% Re? 1.447E —003 1 1.447E —003 0.66 0.4192
w*Re 4113E—-004 1 4.113E —004 0.19 0.6665
pRe? 6.592E — 003 1 6.592FE — 003 2.99 0.0862
ot 0.000 0
Re? 0.28 1 0.28 125.95 1.09391F — 020
Residual error 0.28 126 2.204F — 003
Total 3.00 139

Standard deviation = 0.047.
Predicted residual error of sum of squares (PRESS) = 0.42.
R2 (Adequate) = 45.796%R2 (Predicted) = 0.8588%R2 (Adjusted) = 0.8978%.

Analysis of variance (ANOVA) for Nusselt Sample 3 :0 J s>

Source Adj SS Df Adj MS F P
Model 1857.77 13 142.91 133.27 5.94922F — 044
) 0.32 1 0.32 0.30 0.5868
Re 0.47 1 0.47 0.44 0.5082
©wRe 0.93 1 0.93 0.87 0.3552
©? 0.35 1 0.35 0.33 0.5693
Re? 0.065 1 0.065 0.060 0.8065
©’R 1.29 1 1.29 1.20 0.2771
©Re? 17.42 1 17.42 16.24 0.0001
o3 0.35 1 0.35 0.32 0.5716
Re? 2.336E —003 1 2.336E —003 2.178E — 003 0.9629
P2 Re? 19.96 1 19.96 18.62 5.14792F — 005
©*Re 1.21 1 1.21 1.12 0.2926
YRe? 0.027 1 0.027 0.026 0.8733
o 0.000 0
Re* 0.018 1 0.018 0.017 0.8964
Residual error 75.06 70 1.07
Total 1932.83 83

Standard deviation = 1.04.
Predicted residual error of sum of squares (PRESS) = 146.67.
R2 (Adequate) = 48.176%R2 (Predicted) = 0.9241%R2 (Adjusted) = 0.9540%.
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Analysis of variance (ANOVA) for Friction Sample 4 :# Jsi>
factor
=]
o a Source Adj SS Df AdjMS 3 P
Model 1.72 13 0.13 85.23 2.36939F — 047
© 8.487TFE —003 1 8.487E —003 5.47 0.0213
Re 0.42 1 0.42 269.11 7.35009E — 030
E ¢Re 0.012 1 0.012 7.68 0.0067
50 3 ©? 2.520E —004 1  2.520E — 004 0.16 0.6877
70 2 352 0.29 1 0.29 187.89 1.62455F — 024
%‘ V’R 2.516E—-004 1 2.516E — 004 0.16 0.6880
o pRe? 0.013 1 0.013 8.10 0.0054
E 50 o3 6.390F — 005 1 6.390E — 005 0.041 0.8396
Re? 0.21 1 0.21 138.46 1.87995F — 020
30 S ©*Re? 0.011 1 0.011 7.36 0.0079
20 = ©3Re 3.615E —006 1 3.615£—006 2.331E—003 0.9616
pRe? 9.890F —004 1 9.890FE — 004 0.64 0.4264
103 ot 0.000 0
= Ret 0.17 1 0.17 107.05 2.14266E — 017
i Residual error 0.15 98 1.551F — 003
g 0 Total 1.87 111
1 = Standard deviation = 0.039.
o Predicted residual error of sum of squares (PRESS) = 0.24.
R2 (Adequate) = 40.347%R2 (Predicted) = 0.8697%R2 (Adjusted) = 0.9080%.
I I I I I I
4.00 -2.00 0.00 2.00 4.00 6.00 Analysis of variance (ANOVA) for Nusselt Sample 4 :V J s>
Standardized Residnal
(<N Source AdjSS Df AdjMS F P
Model 2260.46 13 173.88 1373.78 8.67017E — 079
@ 2.83 1 2.83 22.38 1.1258 F — 005
Re 0.90 1 0.90 7.09 0.0096
pRe 11.03 1 11.03 87.17 6.40697F — 014
] 0? 3.22 1 3.22 25.47 3.41076 E — 006
99 — Re? 1.20 1 1.20 9.50 0.0029
E =] ©’R 33.37 1 33.37 263.68 1.94678F — 025
7 =] pRe? 23.67 1 23.67 186.97 1.89298E — 021
35 4 o g P 320 1 320 2525 3.7107LE — 006
90 3 5 Re? 118 1 118 936 0.0031
E [! p?Re? 22.28 1 22.28 175.99 8.79805E — 021
80 = ©*Re 3403 1 34.03  268.82 1.13719E — 025
70 pRe® 1.99 1 1.99 15.75 0.0002
o 0.000 0
B 50 Re? 122 1 122 961 0.0028
8 Residual error 8.86 70 0.13
E 30 Total 2269.32 83
Standard deviation = 0.36.
20 E Predicted residual error of sum of squares (PRESS) = 14.92.
10 2 R2 (Adequate) = 149.977%R2 (Predicted) = 0.9934%R2 (Adjusted) = 0.9954%.
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Analysis of variance (ANOVA) for Friction Sample 5 :A Jst>

factor
Source Adj SS Df Adj MS F P
Model 2.43 13 0.19 30.67  9.17218F — 032
) 0.048 1 0.048 7.93 0.0057

Re 0.73 1 0.73 120.36  9.87568F — 020
@Re 0.029 1 0.029 4.69 0.0324

p? 0.034 1 0.034 5.64 0.0191

Re? 0.53 1 0.53 86.60  8.80298F — 016
©’R 0.022 1 0.022 3.69 0.0572
pRe? 9.074E —003 1 9.074F —003 1.49 0.2247

©° 0.033 1 0.033 5.34 0.0226

Re3 0.39 1 0.39 64.82  7.34564F — 013
0> Re? 8.258E —003 1 8.258E —003 1.36 0.2466
©3Re 0.020 1 0.020 3.20 0.0760
<p1?,e3 6.207E —004 1 6.207E—004 0.10 0.7501

@ 0.000 0

Re* 0.31 1 0.31 50.90 8.46821F — 011

Residual error 0.72 118 6.091E — 003

Total 3.15 131

Standard deviation = 0.078.
Predicted residual error of sum of squares (PRESS) = 1.08.
R2 (Adequate) = 24.555%R2 (Predicted) = 0.6553%R2 (Adjusted) = 0.7464%.

Analysis of variance (ANOVA) for Nusselt Sample 5 :4 J4>

Source AdjSS Df AdjMS F P
Model 1102.31 13 84.79  550.59 8.11295E — 059
© 1.17 1 1.17 7.59 0.0077
Re 0.32 1 0.32 2.06 0.1559
©wRe 3.31 1 3.31 21.47 1.89189E — 005
0?2 2.09 1 2.09 13.58 0.0005
Re? 0.65 1 0.65 4.23 0.0440
©’R 1540 1 1540 100.00 1.4908E — 014
©Re? 1344 1 1344  87.26 1.93909F — 013
03 2.16 1 2.16 14.03 0.0004
Re3 0.84 1 0.84 5.44 0.0229
> Re? 13.49 1 1349 87.61 1.8037F — 013
©*Re 1627 1 1627 105.65 5.10478E — 015
©Re? 0.59 1 0.59 3.83 0.0549
ot 0.000 0
Re* 0.98 1 0.98 6.38 0.0141
Residual error 9.55 62 0.15
Total 1111.86 75

Standard deviation = 0.39.
Predicted residual error of sum of squares (PRESS) = 19.89.
R2 (Adequate) = 84.839%R2 (Predicted) = 0.9821%R2 (Adjusted) = 0.9896%.
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