354-343 oo 3 ojlesb 17 095 1396 3135 (Y30 SBlo FwIdio dlxo

a9y el doliale

=
= . =

1 M = =2

0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

I g 4l W9y 4 S 1P b S Y o ) (2957 9 o il
Tl T (w9 4 oy 3 Silwdag

52 . 1 qa- .
mJleaJ:Lu‘AlJaufﬁgga

Ao o (g0 yd oKl (Sl wdige (558 (gozmish ~1
o Mo w9y oKl (Sl uwdine dliwl =2
niazmand@um.ac.ir 91775-1111 wy §odio cipuio

S dlie LY

LS gy, e
1395 ;3106 :cdl, >
1396 (35,8 14 :coles > )

Sl 4B 5 S0 (g9 55) S L ) queriey Ko ibs gl ey a5l by 4 938 (gilond G b dli
odd gy bawgie (9351 W5 9 (03 2 )59y S0 1B 5 sy €8] 09y ilite Cus ol ey e (ki yially 4
il ol 5l St oo opl bt .ol 0105,5 ulos 45 3590 (slagiloaesd 5l osel ows 4 gl gl aaw i, ) ookl b ol

My il bawgie (03 Guonie) )] GRIPI L o (Jb g QRN bgie (o3 )59y 6550 Sl @B 6 9 ilate Cund JuliEl L &S

bl 4l

35 el Guayiyy )] Sl Sl ke (655 50 5l )1 5 okate Cond Dl 4 bagio (o Camlues (5o ol ogMe S o P ey
oobes 30 gelyl dw b Slyss 4 g 4Bl (B158) 50 lawgie (095l Mg odid eyl dw b I3l L a8 Wl Gl s Cpizen Sy )99)
209 515 d s polin (gjlotinge ) obad 2 2528 Apslone sl s gy bawsg? die i (sla sl ol 3 sl 039 sl s
W dsaS Jpa> ez 0.1 9 1.5 0.2 olio 5 buwgio (2 i Jpo> oz 5500 Jl )5 9 €] (s)kake Cand el iy w;ti::’
> )

Lol Cad 4y Lawgio o9yl

A numerical and entropy analysis of viscous micropump with an elliptic rotor by
LBM and micropump optimization by RSM

Hojjat Khozeymeh-Nezhad, Hamid Niazmand”

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
*P.0.B. 91775-1111 Mashhad, Iran. niazmand@um.ac.ir

ARTICLE INFORMATION

Original Research Paper
Received 26 November 2016
Accepted 15 February 2017
Available Online 03 April 2017

ABSTRACT

In the present paper, a numerical simulation is performed to analyze a viscous micropump with a single
elliptic rotor using LBM method. The effects of three important geometric parameters including aspect
ratio of rotor, micropump height and rotor eccentricity are investigated on the averaged flow rate and
entropy generation. The results of numerical simulations are analyzed by response surface method
(RSM). The results indicate that the averaged flow rate increases by increasing the aspect ratio and rotor

Keywords: L N . . . N

Viscous micropump eccentricity, while decreases by increasing the micropump height. Moreover, the averaged flow rate
Elliptic rotor sensitivity is more influenced by the aspect ratio and eccentricity variations than the microchannel
Egtl(/?py analysis height variations. The results also show that the averaged entropy generation increases with the increase

RSM of all the geometric parameters with almost similar sensitivity. Finally, the optimal geometric
parameters are determined by RSM. Based on this optimization, the optimum values of 1, 1.5 and 0.9
for maximizing the flow rate and optimum values of 0.2, 1.5 and 0.1 for minimizing the entropy
generation are achieved for aspect ratio, height and eccentricity, respectively.
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Table 1 Flow rates and efficiencies obtained in different numbers of

nodesat S = 1.5, e = 0.9, Re = 1, AP* = 0 for grid independence
study
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Fig. 7 Predicted values vs. actual values in the averaged (a) flow rate
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Table 4 ANOVA table for mathematical model of averaged flow rate

P luz . Ol ez & &
Slade Flaas :
Sl yo ool Sl yo S

* <0.0001 660.0918 0.000437 9 0.003934 Joe
* <0.0001 2110.891 0.001398 1 0.001398 AR
* 0.0044 13.38223 8.86E-06 1 8.86E-06 S
* <0.0001 3513.924 0.002327 1 0.002327 €
* 0.0032 14.79212 9.79E-06 1 9.79E-06 AR XS
* <0.0001 1256518 8.32E-05 1 8.32E-05 AR xg
** 01951 1.928551 1.28E-06 1 1.28E-06 Sxe
* <0.0001 69.7619  4.62E-05 1 4.62E-05 AR?
** 0.0784 3.843165 2.54E-06 1 2.54E-06 g?
* <0.0001 524185  3.47E-05 1 3.47E-05 &

- - 6.62E-07 10  6.62E-06  euilsdL

25 235-96.56 5 CV =2.24% R*-adj=99.68 R?=99.83
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Table 5 ANOVA table for mathematical model of averaged entropy

generation
, , Oleeazye & &
P laie F laie B
Sl ool Sl Ol et
* <0.0001 334.77 375.71 9 3381.35 Joe
* <0.0001 1620.13 1818.25 1 1818.25 AR
* <0.0001 93269  1046.75 1 1046.75 S
* <0.0001 356.73 400.36 1 400.36 €
* 0.0018 17.72 19.89 1 19.89 AR x S
**  0.2266 1.66 1.86 1 1.86 AR x g
* 0.0113 9.61 10.78 1 10.78 Sxg
* 0.0314 6.26 7.02 1 7.02 AR?
** 0.0692 4.14 4.65 1 4.65 s?
* <0.0001 57.79 64.86 1 64.86 £
- - 1.12 10 11.22 odiloudl

S5 =35-65.01 4 CV =1.67% R*-adj=99.37 R’=99.67
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Fig. 10 Perturbation graph for the averaged flow rate
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Fig. 11 Streamlines around the rotor with (a) AR=0.2 (b) AR=1 for
S=1.5,&=0.9 and t'=1.5
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Fig. 12 Streamlines around the rotor with (a) ¢=0.1 (b) €=0.9 for
AR=0.6, S =1.5 and t'=1.5
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Fig. 13 Streamlines around the rotor with (a) S=1.5 (b) S=3.5 for
AR=0.4, ¢ =0.9 and t'=1.5
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Table 6 Estimated regression coefficients of responses

Je G s ol

e O
SE,;VE! Qave J )LQ?
187.50882 -0.01859 Jow el
-82.89824 -0.00658 AR
-40.04051 0.01351 S
-21.11788 0.05128 €
15.76772 -0.01106 AR xS
12.06503 0.08062 AR x ¢
11.60868 -0.004 Sxeg
-13.21228 0.03389 AR?
1.71975 -0.00127 s?
-40.15396 -0.02937 €
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Fig. 15 Interaction effects of AR and S on the averaged flow rate
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Fig. 17 Interaction effects of AR and ¢ on the averaged flow rate
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Fig. 14 Perturbation graph for the averaged entropy generation
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Table 7 Optimum values of geometrical parameters for maximizing the
averaged flow rate

Qavefopt,simulation Qavefopt,RSM 8opt Sopt ARopt

0.1 0.099 0.9 15 1
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Table 8 Optimum values of geometrical parameters for minimizing the
averaged entropy generation

SF,ave—opt,simulation SF,ave—,opt,RSM 8opt Supt ARopt

0.009 0.008 0.1 15 0.2
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