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Determining the Corresponding Equations between Ejector
Performance and Operating Conditions and Ejector Geometries by Using

Response Surface Methodology
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ABSTRACT

This study is to investigate the effect of variously important parameters on an ejector
performance in steam ejector refrigeration system. The parameters are the operating conditions which
are boiler and evaporator temperature and ejector geometries which are area ratio (AR) and area of
throat ratio (ATR). Computational fluid dynamics (CFD) is employed to examine such effects with
statistical research matrix design called Central Composite Design (CCD). The regression equation of
relationships between parameter and ejector performance being entrainment ratio (Rm) and critical
back pressure (CBP) are determined by using the response surface methodology (RSM). From simulation
results, RSM analysis indicates that the operating conditions and ejector geometries have the significant
effect on ejector performances. Furthermore, the quadratic model being properly with reliability above
95%. However, critical back pressure values given from the regression is slightly deviated because some

parameters are not considered in this study.

Keyword: Ejector, Response surface methodology, Stream ejector refrigeration system, Refrigeration
system.
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5 mass flow rate of secondary fluid
m —

mass flow rate of primary fluid
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JUIN WUUENINATILLWILAY (axis-symmetry)
A159197U latndue?
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wAaIUANIN (Ideal gas model)

wuuTaasanudutiu

k- model

FUAVIUINNIBTIIDARAL DLSALMDST

Pressure inlet

YAYDULIAN9DBNDLIALADS

Pressure outlet

Near wall function

Standard near wall function

A9 2 SEAUVRIUITY

L SEeU ¥
Fauysoase - -
M| nane | @ | e | nane | oaa
T, (°O) 5 10 15 -1 0 1
T, (°O) 110 130 150 | -1 0 1
AR 70 95 120 | -1 0 1
ATR 10 17.5 25 -1 0 1

Worlu 95% lneviualszananalulsunsudnsagy
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Model

Response

Regression

RZ

P-value

model

P-value
lack of
fit

Quadratic

Rm

= - 063181 - 00184XT, + 000397XT,
+ 0.019705X AR
+ 0006858 X ATR + 0.00047 XT, XT,
+ 0000126 XT, XAR
+000022XT, X ATR - 0000091XT, X AR
+ 0.0000465X T, X ATR
-+ 0.0000172X ARX ATR

- 0.00271XT." - 0.000019X T’

- 0000034 XAR" - 0.00043XATR’

0.90

0.0001

0.1135

Quadratic

CBP

= +58099 - 014106XT, - Q074X T,
- 000516XAR - 012105XATR
+ Q001869 XT, XT. - Q00127 XT, XAR
+ Q00ABEXT, X ATR - 000042X T, X AR
+ 0001226 XT, XATR - 000LIXARXATR

+ 000281XT” +0000401XT"

+ 0000501 X AR + 0001258 X ATR

0.87

0.0002

0.1731

140.00

120.00 -

110.00

CBP (kPa)

140.00

120.00 |

5.00

110.00

7.50 8.75 10.00 5.00

Te (o)

Te (0O

JUN 3 BvEnavesgunginmadiniiveanssaugveddilemes

10.00
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2500
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ATR

17.50
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10.00 0 . /
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AsTl AR WU 95 uag ATR AU 17.5 wud1 N
Lﬁuqmmﬁmaam%ﬁsmaga?gu (T.) Ain Rm uaz
Audy CBP fuunliufiavgedu vaeiinsidiu

gaumpilveunsasiuiale (7,) duwali CBP Hangstu

v
a =

W Rm azanas wAnssuvesdiiamasiiniul
aenndesiunaniIsAnu fiiiuin Ssilanngainnns
a@awaaﬁuﬁﬂszam%maLﬁ'ammﬁum%qmwgﬁmaq
widnaruiialogatu [1,4,6,11]

4.2.2 Shsrdauiuivesgussiianes

3n3war0s AR uaz ATR vesadniidnane
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7 T, wirfu 10°C waz T, wirfu 130°C wuiinig
Wisun AR vesBidames agvivli Rm Suunltuves
Agetuliiosnnuinnenanvesdiiamesilvgtu
ylaunsagaansnigivesdidamosidunni u

A1 CBP Azanadlutau1eAneuiagnaulngawunsl

YA ATR vusfin1siiisaunn ATR azvilviean CBP i
wunlugedu iflesann maveneUnmseensideli
Tnduvinlinisvenefmesarsugunidaunntunay
Wnnswauivansnionglvediiameslad luuudy
YDIVBINANTITAWIN UHA1 Rm azanadlugisunean
rouflagndungetunuvaes ATR ifedaunnd
AUENTUSYEI AR waz ATR fidsodussous D
Bamesiulidudnvardaduussiiaiiild 3
Waweslaussouzated dutn dregradu (lunsd
YosHaAnYIH) A1 Rm agildngeUszann 0.44 e AR
1A198581I19 110-120 Uag ATR 18838109
13 - 25 yauz?l CBP MazgaUszanas 2.2 kPa Lile AR
1A19g5enINe 110-120 wag ATR HA10g58MINe 21 -
25 §a%1n AR uaz ATR fldntesnindreiitnunil
33rmasraussauzanas uiagalsinuagaed
wansiituegiudeulvguuniniudrvesdieines
e

faiifitadudusuiednunrvesd Sanesilld
farsanlunsinend wiludinsuiuiiniinase
aussouzvesdiianes @natosnin AR waz ATR 7

Yndinw) 1wy Anuevediinnesunastie yu
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A1319 4 Wisuifisunavesruduiusluguuuuidadulisiunsnaaeuasuuuinasinsivavesdiiames

Tunienia
1-D RSM

T, T,

. . AR ATR CBP CBP CBP
(°O (°O Rm Rm Rm

(kPa) (kPa) (kPa)

75 130 | 90.25 | 4517 | 029" | 45" | 0.19 5.1 0.3 1.7
75 130 | 1249 | 9.391 | 042" | 35" | 057 3.9 0.53 2.8
75 | 140 | 1249 | 9.391 | 029* | 45" | 0.32 4.9 0.31 29
75 150 | 1249 | 9.391 | 0.19" | 58" | 0.21 6.2 0.22 3.1
10 130 | 90.25 | 5.641 | 0358 | 52° | 0.32 5.3 0.33 1.8
10 120 | 90.25 | 5641 | 049 | 37% | 0.36 4.0 0.37 1.7
10 140 | 90.25 | 5641 | 027° | 65° | 0.29 6.8 0.27 2.1

5 130 | 90.25 | 5641 | 0.28° | 48 | 027 5.1 0.32 1.5

"Ruangtrakoon et al. [10]

8Chunnanond et al. [11]

5. N1SNAEBUANNTISISADUAUBILUUIATISNS
Wufin
AuANTusTusUL UL LdulA (Quadratic
model) umnuduiusiildainnissrassnisivaly

a a s A o A ' =4
CFD ‘ZJEN’e]L‘i]ﬂLﬁl’t’]iL‘WE]M’]ﬁiJiiﬂungNE]u‘l‘UmN‘] RN

i a
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