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Optimum Design of an Indoor Package Air-Conditioner's
Flow Path by Taguchi Method
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Abstract: In this study, the optimum design process of an indoor package air-conditioner (PAC) was
implemented by Taguchi method. The goal of this study is to obtain the best set condition of each
control factor composing of an indoor PAC. The number of revolution of a double inlet sirocco fan
installed in an indoor PAC was measured by the orthogonal array of L18(23 % 3") and analysed by using
the-smaller- the-better characteristic among the static characteristic analyses. As a result, the optimum
condition of an indoor PAC was found as a set of <Gl, A2, Bl, Cl, DI, E3, F1> when the cost of
production, assembling and working conditions were considered. Moreover, the number of revolution of a
double-inlet sirocco fan used for an optimum condition was reduced about 8.5% more than that of a

standard condition for the target flowrate of 18.5 m®/min.

Key Words : Analysis of Variance(ANOVA), Control Factor, Double-Inlet Sirocco Fan, Noise Factor,
Optimum Condition, Package Air-Conditioner(PAC), Signal-to-Noise(S/N) Ratio, The-Smaller-The-Better
Characteristic, Taguchi Method
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Design Parameters :

A Absorber material type

B: Cabinet material type

C: Installation height of sirocco fan
D: Installation depth of sirocco fan

E: Frontpanel depth

F : Inclination angle of heat exchanger
G: Number of motor legs

Output : the-smaller-the-better characteristic
Input:flow rate f—! | ow noise PAC system — Number of revolutions [RPM]
(18.5 m*/min)

Noise factors :
N1: Acceptable condition(Q1R1)
N2: Unacceptable condition(Q2R2)

Fig. 1 Classification of design parameters.
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Schematic diagram for structure elements
of an indoor PAC.
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Table 1 Determination of control factors and
their levels.
Factor description Level1 Level2 Level 3
A Absorber material type PE5t+PUS5t PU10t
Vibration
B: Cabinet material type Steelplate | controlled
steel plate
Control | C: Installation height of fan ASM [mm] 74 44 114
factors | D: Installation depth of fan ASM [mm] 2 13 29
E: Frontpanel depth [mm] 40 60 80
F : Inclination angle of HE [*] 138 8.8 16.8
G : Number of motor legs 3 4
Acceptable | Unacceptable
Noise (Q1R1) (Q2R2)
factors | Q: Orifice clearance [mm] 5 7
R: Cut-off clearance [mm] 18 20
Fixed |, Sirocco fan ASM, Cabinet size, Inlet-grille, Heat exchanger(H/E), Outlet-louver
factors

Table 2 Experimental and ANOVA results of the
orthogonal array of L18(23 x 34).

InnerArray Outer Array(Number of Revolutions)
Set Control Factors Experimental Result | ANOVA Result
No. [RPM] [RPM]
G|A|(B|C|D|E|F|e N1 N2 SIN
(RN ENERERENE 520 543 -54.5121
2 (11|22 ]2|2]2 9 520 -64.3117
3 (1113333 493 515 -54.0507
4 |1])2|1]1]2|2]|3 500 511 -54.0749
5 (12223 |3]|1 487 50 -53.9556
6 |1 |21 |3 |1]1]2 500 512 -54.0836
T 1|11 ]2)1]3]2 493 503 -53.9450
8 |11 [2)3)2]|1]3 512 530 -54.3381
9 |1 1|11 ]3]2]|1 503 525 54.2213
(2113322 514 541 -54.4473
2121 1]3]3 488 508 -53.9463
2 (211 ]2]2]|1]1 500 520 -54.153
32212313 530 531 -54.4937
MM 2)2]2]3]1]2]1 504 517 -54.1606
5 (2 |2|1]1]2]3]2 495 510 -54.0237
6 (21 [1]3]2]3]|1 505 515 -54.1518
721 ]2]1]3][1]2 520 536 -54.4537
82112123 500 520 -54.1531
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Table 3 ANOVA analysis of S/N ratio on the 100
number of revolution. _ 0
e sof
SOURCE Df s v F’ s | %) =
G 1 0.013 | 0013 | pooled - - g' or
A 1 0034 | 0034 | 2056 | 0017 | 278 S 60
B 1 | 131485 | 1314E5 led - - 0
& 2 0005 | 0.003 E::|:d - - '.-% 50 - 48.18% 44.79%
D 2 0059 | 0030 | 1805 | 0026 | 424 S a0l
E 2 0332 | 0166 | 10143 | 0209 | 4818 o
F 2 0004 | 0002 | pooled . - g 30
el 8 0174 | 0029 | pooled S 20[
e2 0 0.000 - . . o
(e) 12 0196 | 0.016 0278 | 4479 10 - 2.78%
TOTAL 17 0.620 0.036 oL P, 1 . 1.
G A B Cc
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Table 4 Determination of optimum condition.

Revolution number
estimation

Condition Set of factor

SIN RPM

G1A1B1C1D1E1F1|-54.294+027 | 505~532
G1A2B1C2D1E3F3 | -53.822%02" | 478~504
G1A2B1C1D1E3F1|-53.875%%2" | 481~507

Standard medel
Modified model

Optimum

Table 5 Confirmation result of reproducibility.

Estimation Experiment
Condition Set of factor
RPM RPM
Standard |G1A1B1C1D1E1F1 505~532 531.5(mean)
Optimum | G1A2 B1C1 D1 E3F1 481~507 487
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