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ks2928@kitech.re.kr Abstract >> This paper presents a numerical study on the design of sensor con-

_ denser geometry which is used for condenser tube cleaning system. In order to
gzszgzd ?DZ?Z;ZZSZ?)Z?f achieve an optimum sensor condenser geometry and to explain the interactions
Accepted 13 December, 2024  b€tween the different geometric configurations, the three dimensional compu-

tational fluid dynamics and the optimum design technique have been applied.
Geometric design variables describing the guide vane through the sensor con-
denser were selected. The objective functions are defined as the flow uniformity
of the condenser tube cleaning system at the heat exchanger. From the response
surface method results, the performance of the guide vane was improved com-
pared to the base model.
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Fig. 1. Three-dimensional shape of sensor condenser for con-
denser tube cleaning systemS)
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Fig. 2. Design variables of guide vane for sensor condenser

Journal of Hydrogen and New Energy <<



Canonsburg, PA, USA)& ©]-85}¢] -/,: 13]4& 2=3)
STk E7], dagr] 9l ezl /S SolidWorks
3 2 130(SolidWorks, Waltham, MA, USA)S o|-&
so] AAalolc). Eat dmel] Qo] v w4
o SlHIAE fA 55 2 £F U0l JH W
oumg B A NA A& AzbE ujT FARS
a#ste] A8kt AxHA= ICEM-CFD (Ansys)
£ ARg3sle] vAE AA A (unstructured grid) 2 Al
IR, E=7] Al Al Lgle] ARAlE 44 |

5)
AEE 3% Fof oF 4170k A= 13 Aol A

Fig. 38 $£2814] 342 Qe Hr) Al AJAE
9] AA| ZZ(boundary condition)S R ojErh JE
= ZekG-H(mass flow rate)S FUI S o= o
7]¥(atmospheric pressure) 24 Fc} 7] Al
A A|2"o] vitEA Wi SE(turbulent flow) &
A& QI5}o] 3219 Reynolds-averaged Navier-Stokes
TA2)S ol g3l dRe 58S HA] ¢
slo] W md(turbulent model)S 9% vte](flow
separation) 2] ofZo]] 323t SST model-& AMg-5%E}.

_ "

Outlet

: Atmospheric pressure

Inlet

: Mass flow rate

Fig. 3. Boundary conditions for the condenser tube cleaning
system calculation

>> S22 AUMOLIK|3}E] =27

2+ S Al(working fluid)= 25C o] B2 ARg-3519iTh

4. A zH=}

B4 A LR AR R S SIe o
WA HA A whe ER 7S el 4

3t B4 A] Minitab 14 X 2 712(Minitab, State
College, PA, USA)YS o]83lo] HA5l9on 27
3} AA+= Fig. 4] Yepielch vkg 9 71)E A
AE] A H4x(design variable)] 474 HQ] o)A
Q1 A NS AAsHA] il AA40] 23]
BIE S5k 24 A 7ol AAMa= 270
o] Folofof s AAH4=e} WH-g-H>(response vari-
able) 7+o] JFpRAIE tlolE = F4ste] A
tﬁ_§]—oﬂ tq—é Hh u:]EHQ_ o-jﬂz‘st‘ﬂ s o] onmg /\4
ol gE A dat =ZFo] 7hssith il
AAATE hiAl B 2 R sl A
AR AAstelon AR o AN

Z4] AW (central composite design)S ©|-2-3}

=S
fu
=S
fu

Base Design
Model | ®| Variable
Selection Selection

Optimum Design

) Advanced
using RSM Design

4

Fig. 4. Flow chart of design optimization®

: Center
point

Fig. 5. Central composite design of three design variables

H 35T M6z 2024 12



—
of % 157)9) A set& =& Fig L3709 i P €4S ehine e Asias-
4 Y Hige HoEth A== Aoz AT Table 1 9 Fig. 6
Table 12 24] FHAIHLS o] 83k 3700 AAHS  Bul 24 bW wjdo] whet thokst ohfAl Ak
o) wjeg ekl Holck 54 sy Wiel o o] E2EE & 4 At
QhpZl FARS Fig. 60 Blmslgiey’. 3702 A 24 R o] whal AAE ohil FARS
o= Hele it U H Qu] o de A ZEsk Ui 7 SAe A4Sk
aesto] AAstgl o Jugly] Qi A== Fig 73 Zo] FA WHe] 5 35S vk
o}, Fig. 78 B ehiZl FA4o] et 5 520
Table 1. Arrangement method of central composite design ]:]—OOI:?‘E'L% Q_OL‘%L _/'\— 9"]\]:]— _1;1341 gﬁ]g;'('i& g_ﬂ‘]e%
Case GV L GV D GV A X*ka og;%gy 7—} Zte] FHof %:T,’]‘Q‘C‘ 5 E_EOI
1 500 150 3 #U5A Sejof slEE EHo| 25 ¢ Alo]
2 650 150 3
3 500 250 3
4 650 250 3
5 500 150 11
6 650 150 11
7 500 250 11
8 650 250 1
10 448.9 200 7
11 701.1 200 7
12 575 115.9 7
13 575 284.1 7
14 575 200 0.3
Center 575 200 13.7

Case 1 Case 2 Case 3

bt
Lt

Cased “Case 5 “Case 6

r \

Case 7 Case 8 Case 9

¥
O

Case 10 Case 11 Case 12

= |
T

Case 13 Case 14 Case 15

Fig. 6. Guide vane shapes depending on arrangement of cen-
tral composite designg’

Vol. 35, No. 6, December 2024

Fig. 7. Comparison of streamline depending on arrangement of
central composite design'®
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Table 2. Comparison of CFD results

del P (kPa)
No guide vane 35.74
Reference model 33.30
Optimum model 32.71
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Fig. 10. Comparison of streamline. (a) No-guide vane, (b) refer-
ence model, (c) optimum model
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