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Abstract

Droplet impingement on solid surfaces is pivotal for a range of spray and heat transfer processes. This study aims to opti-
mize the cooling performance of single droplet impingement on heated textured surfaces. We focused on maximizing the
cooling effectiveness or the total contact area at the droplet maximum spread. For efficient estimation of the optimal values
of the unknown variables, we introduced an enhanced Genetic Algorithm (GA) and Particle swarm optimization algorithm
(PSO). These novel algorithms incorporate its developed theoretical backgrounds to compare proper optimized results. The
comparison, considering the peak values of objective functions, computation durations, and the count of penalty particles,
confirmed that PSO method offers swifter and more efficient searches, compared to GA algorithm, contributing finding the
effective way for the spray and droplet impingement process.
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Table 1 Upper and Lower bound constraints

Input Variables Upper bound Lower bound
T, (K) 303.15 283.15
Ts (K) 363.15 313.15

Vo (M/s) From Eq. (2) 1.00
D, (mm) 5.00 1.00
¢ (-) 0.70 0.10
d (um) 500.00 100.00
h (um) 500.00 100.00
1
osk
% 0.6F
k|
Z
® 041
o
I Strotos et al. (2013)
2} Moon et al. (2016)

1 1
0.4 0.6
Referred ¢

0.8 1

Fig. 2 Validation for this study
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Fig. 3 Parametric study for the droplet impingement
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Fig. 4 Optimization results for cooling effectiveness over
Weber number for different Algorithms
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Fig. 5 Optimization results for entropy generation for dif-
ferent Algorithms

Table 2 Optimized effectiveness results for different meta-

heuristics

PSO GA
T4 (°C) 11.7 10
Tz (°C) 90 52.8

Dy (mm) 1 1

V (m/s) 1 1
¢ () 0.36 0.7
d (um) 200 100
h (um) 500 100

Objective 0.0223 0.0149
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Table 3 Optimized entropy results for different meta-heu-

ristics
PSO GA

T4(°C) 29.6 28.7

Ts01 (°C) 40 47.7
Do (mm) 13 1.1

v (m/s) 1 1

¢ () 0.7 0.7

d (um) 500 500

h (um) 100 100
Objective 9.9¢”7 W/K 1.6e°* W/K

Temperature [°C|

40 60
Iteration

(a) PSO

Temperature [°C]

40 60
Iteration
(b) GA
Fig. 6 Particle tendency for different algorithms
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