Trans. Korean Soc. Mech. Eng. A, Vol. 39, No. 9, pp. 947~954, 2015 947

<

0l

2
[=Jr ==

MO

DOI http:/dx.doi.org/10.3795/KSME-A.2015.39.9.947 ISSN 1226-4873(Print)
2288-5226(Online)

Mo EtFHs S8t dZUxE Mdsga d7t

OA*,*** o * —_ **’*** - & ALK
MS4 . L8A" - BB YA MR

* QeEigtal 7| AE S,k SoltStal & et y] = S, vk (T 2 )
Performance Improvement of Hot-Air Dryer
Through Optimum Round-Hole Plate

Eung Soo Seo”", Yongsik Kim', Joong Kook Hwang * ", Young Suck Chai’, Jaesool Shim"'

* School of Mechanical Engineering, Yeungnam Univ.,
** Dept. of Convergence Science and Technology, Dong-a Univ.,
*** Protem Co.,Ltd.

(Received March 27, 2015 ; Revised May 14, 2015 ; Accepted May 18, 2015)

Key Words: Computational Fluid Dynamics(%1 A 3l 41), Hot Air Dryer(€ 3713 =), Temperature Distribution(<> =
- 3L), Mass Flow Rate( & &+ %), Round-Hole Plate(E}3-¥)

Abstract: The homogeneous coating of a flexible film that is applied to dye-sensitized solar cells is related to the
performance and durability of the product. The applied coating is obtained from the uniform temperature distribution
and the mass flow rate in the nozzle of the hot air dryer. In this study, we determine the uniform temperature
distribution and mass flow rate of each nozzle by performing numerical simulations to understand how various factors
affect the performance of the hot air dryer. The numerical model is composed of the momentum equation for flow
motion and the energy equation for temperature. In addition, we compare the numerical results to the experimental
results to validate the model. Based on the results, the round-hole plate inside the hot air dryer significantly affects the
uniform temperature and the mass flow rate.
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Fig. 1 Hot air dryer schematic diagram
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Fig. 2 Experimental equipment and measurement positions
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Fig. 3 Temperature change at the outlel without round-
hole plate

Without round hole plate - outlet2 (middle side)
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With round hole plate - outlet1 (left side)
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With round hole plate - outlet2 (middle side)
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Table 1 Experimental temperature at positions of each

nozzle
Without round With round
Channel hole plate(‘C) hole plate(‘C)

1 129.2 127.2
2 134.9 133.7
3 131.6 131.7
4 121.2 120.1
5 132.3 132.5
6 132.3 132.7
7 128.5 128

8 129.9 131.9
9 119.8 121.8
10 125.1 124.9
11 130.3 130.7
12 128.9 128.2

Table 2 Dimensions of dryer parameters in Fig. 9

Variable Value
d 71.5mm
H 280mm
Wil 366mm
W2 251mm
Bl 330mm
B2 814mm

Table 3 Input data of boundary condition

Variable Value
Inlet velocity 0.3 m/s
Inlet temperature 14227C
External temperature 20T
Outletl Outflow
Outlet2 Outflow
Outlet3 Outflow

Fig. 9 Schematic of the hot air dryer
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Fig. 10 Measurement points at each nozzle
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Table 4 Round-hole plate dimension

Variable Value
a 150mm
258mm

t 2mm

D 10mm

c 13EA

Table 5 Parametric study of factors

Case Variable D (mm) Variable ¢
(EA)
1 5 13
2 5 17
3 5 23
4 10 13
5 10 17
6 10 23
7 15 13
8 15 17
9 15 23

l
:

.

a

Fig. 11 Round-hole plate in the simulation: (a) Hot-air
dryer assembly with round hole plate. (b) Round
hole-plate
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Fig. 12 Temperature distribution without round-hole plate
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Table 6 Comparison of experiment and simulation

Inlet Outletl | Outlet2 | Outlet3
Without | &
round | & | T
hole | 2 | (o) | 1422 | 1273 | 1313 | 1273
plate | n}
. AL
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round | X| T
hole | 5y | (o) | 1422 | 1279 | 1315 | 1279
plate A
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plate o}
With | T
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hole s | () 142.2 128.7 130.5 128.7
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Fig. 14 Temperature distribution without round-hole plate
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Table 7 Parametric study results

case Inlet Outletl | Outlet2 | Outlet3

T
(©)
1 m
(kg/s)
[c-4]

142.2 | 128.93 | 130.55 | 128.93

9.36 3.1403 | 3.0831 | 3.1403

T
()
2 m
(kg/s)
[e-4]

142.2 | 129.09 | 130.85 | 129.09

9.36 3.1384 | 3.0787 | 3.1384

T
(©)
3 1

(kg/s)
[e-4]

142.2 128.9 | 130.43 128.9

9.36 3.139 | 3.0874 | 3.139

T
()
4 m

(kg/s)
[e-4]

1422 | 128.71 | 130.53 | 128.71

9.36 3.1411 | 3.081 | 3.1411

T
()
5 h

(kg/s)
[e-4]

1422 | 128.69 | 130.76 | 128.69

9.36 3.1384 | 3.085 | 3.1384

T
(C)
6 m

(kg/s)
[e-4]

1422 | 128.67 | 130.78 | 128.67

9.36 3.1384 | 3.085 | 3.1384

T
()
7 mh

(kg/s)
[e-4]

1422 | 128.38 | 131.31 | 128.38

9.36 3.1428 | 3.0776 | 3.1428

T
(©)
8 m

(kg/s)
[e-4]

1422 | 128.54 | 131.87 | 128.54

9.36 3.1426 | 3.0689 | 3.1426

T
(©)
9 m

(kg/s)
[e-4]

1422 | 128.34 | 131.54 | 128.34

9.36 3.1411 3.08 3.1411
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