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Abstract

In this paper, the effect of changing in liquid jet nozzle position and spacing
which effect on air flow rate-into the mixing chamber-were studied. By water, as a
primary fluid, is injected. in_high velocity through 4 similar nozzle causes a low
pressure area around-the nozzles and induces air, as a secondary. environmental
fluid, from environment into the mixing chamber with reduce-using a blower. The
research studied 2 types of nozzles arrangement, square and row, and each types
was divided inte 5 minor types separated by spacing between the nozzles center
as ,for square arrangement, 5D, 11D, 17D, 23D and 28D and ;for row arrangement, 5D,
6D, 7D, 8D and 9D.In addition, the with chamber condition and without chamber
condition were also studied .The water flow rate used was 3.2,3.6,4.0,4.4 and 4.8
cubic meter per-hour :Result in the best arrangement and spacing between nozzles
center as 8D of row arrangement without chamber which caused air flow rates as
20.32, 25.82, 33.05, 36.49 and 44.38 cubic meter per hour-and the Liquid-to-Gas Ratio
as 0.157, 0.139, 00K, 0.8, and Mo
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INTERMITTENCY
VIRTUAL SURFACE

ORIGIN

. Eepal 2
- INITIAL 4
VA ™ I LENG TH, x; ~1= siT1an = FULLY DEVELOPED JET —

[FOR AXISYMMETRIC JET, REPLACE by WITH s AND REPLACE y WITH r.]
o ° ) o & = = v
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D; = urgugna1aiida (Nozzle diameter), (mm)

x = S¥EEWIIInUanevda, (mm)
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q

NANYVINY Wiensiwvitlentihainie sy [5]

3.3 Usingmsaliauyi(Venturi effect)
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3.4 N n1saemlaaudii(Momentum Transfer Theory)
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3.5 aa%’uwaﬁmumuﬁ (Venturi scrubber)
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3.6 anTNduvaLMalnianiE (Liquid-to-Gas Ratio, L/G Ratio)
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2

o ° a ] Yo o
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L/G Ratio = IWater (3.11)
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3.7 msltlalaaunatsda (Multiple Cyclone)
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Rotamater

Exp=rimzntsl Box

Tank

PUMP

(n) ()

JUN 4.1 (n) unuddlasaainaynnaass, () nMsfesaavnasdass

4.1.1 gunsainIsVnaeg
4.1.1.1 anwmtenieinid (Nozzle)
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(n) ()
JUR 4.2 (n) wuuveshidanldlumsass, () Wdawmidenhdldlunmmeass

4.1.1.2 viouay (Mixing Chamber)

v = Lo v oA P o Yoo -

vieawanlilunisneaastiinvnnianfe safiflon fowinduiugudnae 18
fafiuns lnponedearnauddavesdma Weuideana wavaniy [1] waziniuen 81
flafiuns duanddugui 4.3

(n) ()
JU# 4.3 (n) WUUTBIRINALTdluMTasne, (1) Wosnaudldlunsnaass

4.1.1.3 WNUINIVIDINEY

LHUIIRINaNYNInTanfe ara3an Tnafluuinnitexermun wiify
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3.6 0.947
11D 4 TN
4.4 1.443
4.8 1.84
A 0.797
3.6 0.947
17D 4 U287
4.4 1.433
4.8 1.877
(392 | 0.94
3.6 1.157
23D q 1.4
a4 1.637
4.8 2.097
3.2 0.903
3.6 1.107
28D 4 1.263
4.4 1.543
4.8 2.043




A3 AnuTIvesenmAlulsiaznTesiivesgUkuUshunSeuisanay

_ 5 Sasnsluati AU
PMI1EUNTIE . .
(gruradlumssietalus) | (gruisdlunsretnlu)
3.2 0.743
2.8 0.95
5D 4 1.107
4.4 1.367
4.8 1459
3.2 0.777
3.6 0.96
6D 4 NS
4.4 1.39
4.8 1.78
Wy 0917
3.6 P2 A
D a 459
4.4 1.41
4.8 1.833
B4 1.107
3.6 1833
8D 4 1.47
4.4 1.71
4.8 2.07
5.2 1.043
3.6 1:225
9D 4 1.433
4.4 1.643
4.8 1.967
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Ad ATt INAlulsazn1TINivesgUwuulis hifadvie away

P . dhsimsluaih AINSIDINA
813187UN1521907 . :
(gruiAdumsietaliug) | @nuiAiunsdedalu)

3.2 1.053
3.6 1327

50 4 1.623
4.4 1.937
4.8 4550
5.2 1.1
3.6 1.417

6D d 1.807
a4 2.14
4.8 2.58
22 : INEY(
3.6 1.45

D A " yigar
4.4 .40
4.8 2.667
(334 1.65
3.6 Ay

8D 1 2.68
44 2.96
4.8 3.6
5.2 1.42
3.6 1.81

9D 4 2.2
4.4 2.57
4.8 3.18
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at v

A5 drsINsivallisUTuesrasaIniauag L/G ratio Tuusiaznisesvesguuuudnianiou
o Ina
DRINEIU Sasnslwati dmsInsiuasIne

N5 | @rnadumssedalug) | (@ruiadiunssdedalin H/G ratio

3.2 10.222529 0.313

3.5 12.767898 0.282

5D 4.0 15.395375 0.2598
4.4 18.022852 0.2441

4.8 23.688350 0.2026

K% 9.360388 0.3419

3.5 11.659431 0.3088

11D 4.0 14.410071 0.2776
4.4 17776526 0.2475

4.8 22.661992 0.2118

5.2 9.811986 0.3261

3 11.659431 0.3088

17D 4.0 15231157 0.2626
4.4 17.653363 0.2492

4.8 23.113589 0.2077

g2 11\556892 0.2764

3.6 14.245853 V2627

23D 4.0 17.242820 0.232
4.4 20157677 0.2183

4.8 25823174 0.1859

3.2 11126007, 0.2876

3.6 13.753201 0.2618

28D 4.0 15.559592 0.2571
4.4 19.008156 0.2315

4.8 25.166306 0.1907
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A6 8MTINTIATIUSIRSVRIRINALEY L/G ratio TulsiaznisanesnvasgluuudnSauasly

AmdaTTe e
8013187 Sasmsiuati M35 Inaene
M3 | (gnuiriunssedalu) | @ruiadusssatilus) oo
3.2 15.231 1567 0.2101
3.6 18.638667 0.1931
5D 4.0 22.538829 0.1775
4.4 26.890588 0.1636
4.8 32.186597 0.1491
3.2 13.917419 0.2299
3.6 17.448091 0.2063
11D 4.0 20.527166 0.1949
4.4 23.647296 0.1861
4.8 28.368544 0.1692
B.2 14.574288 0.2196
3.6 17.817580 0.202
17D 4.0 21.594579 0.1852
4.4 26.069501 0.1688
4.8 31.981325 0.1501
o 2 18.474450 0.1732
3.6 21.430362 0.168
23D 4.0 25.905284 0.1544
4.4 320.174935 0.1458
4.8 37195226 0.129
3.2 17.324928 0.1847
2:6 21.389307 0.1683
28D 4.0 24.878926 0.1608
4.4 29.025413 0.1516
4.8 34.403531 01395




A7 SmnsvalBaliunasvesoiniAuay L/G ratio luusiaznisieivesguuutiunsey

NOIWAL
OMTIEIU Fasnslvanh gnT1nNsinaenne
1132797 (QﬂU'lﬂﬁLlJGli@iE]‘%IM) (Qﬂmﬁﬁmmsﬁa%’ﬂm) -
3.2 9.155116 0.3495
3.6 11.700485 0.3077
518 4.0 13.630038 0.2935
4.4 16.832276 0.2614
4.8 21.594579 0.2223
2.2 9.565660 0.3345
2.4 11.823648 0.3045
6D 4.0 13.712147 0.2917
4.4 17119657 0.2570
4.8 21.923014 0.2189
3.4 11.289942 ) 0.2834
3.6 13.876364 0.25%4
7D 4.0 15.888027 0.2518
4.4 : 17.365983 0.2534
483 22.579883 0.2126
P 13.630038 0.2348
3.6 | 16380679 0.2198
8D 4.0 ‘ 18.104961 0.2209
4.4 21.060873 0.2089
4.8 25.494741 0.1883
2.2 12.850006 0.2490
3.6 15.066940 0.2389
9D 4.0 17.653363 0.2266
4.4 20.239786 0.2174
4.3 24.222056 0.1982




A8 BMSINSVALTIUSHIRSVRINAREY L/G ratio ’Lut,wiasﬂﬁ'méfwaagﬂLLuuaiwuLLazlzj

Aod e e
318U Sasimslvati m31nslnaenna
M3 | @nuiedumssietalug) | @ruiadussdedalug AT
3.2 12973169 0.2467
3.6 16.339624 0.2203
5D 4.0 19.993460 0.2001
4.4 23.852567 0.1845
4.8 31.201293 0.1538
3.2 13.547930 0.2362
2.8 17.448091 0.2063
6D 4.0 22.251448 0.1798
4.4 26.356882 0.1669
4.8 31.776054 0.1511
B.2 14.738505 0.2171
3.6 17.858635 0.2016
7D 4.0 22.744100 0.1759
4.4 27.711675 0.1588
4.8 32.843466 0.1461
I 20.321895 8.1576
3.6 7 25.823175 0.1394
8D 4.0 33.048738 0.1210
4.4 36.497302 0.1206
4.8 44379734 0.1082
2.2 17.530200 0.1825
3.6 22.292503 0.1615
90 4.0 27.136914 0.1474
4.4 31.652891 0.1390
4.3 29.124779 0.1227




A9 luLstluasueniuazeInimuag L/G ratio Tuusaznsanadavesguuuinianienvies

HE
Sas1du Sasnsivani "
. . auLsgluani usgluaninie
AITINA | (@nurAiiumseatal)
3.2 273385.84 3427.18
36 307559.07 4280.53
5D 4.0 341732.30 5161.41
4.4 375905.53 6042.29
4.8 410078.77 7941.69
3.2 273385.84 3138.14
36 307559.07 3908.91
11D 4.0 341732.30 4831.08
4.4 375905.53 5959.71
4.8 410078.77 7597.60
k — 273385.84 7 3289.54
3.6 307559.07 3908.91
17D 4.0 : 341732.30 5106.36
4.4 375905.53 5918.42
4.8 410078.77 7749.00
32 273385.84 3881.38
36 207559.07 4776.03
23D 4.0 341732.30 5780.78
4.4 375905.53 6758.01
4.8 410078.77 8657.41
32 273385.84 3729.98
3.6 307559.07 4610.86
28D 4.0 341732.30 5216.47
4.4 375905.53 6372.62
4.8 410078.77 8437.19




A10 wusdluasuaniuazainiaway L/G ratio luusiaznisinsfvasguuuuindauazlal

Prdavoanay
Sh51Au Snsmslvath y
= . e luantn ausgluanaInTe
A1SINA [ (anureriuasmotilag)

3.7 273385.84 5106.36
3.6 307559.07 6248.75

5D 4.0 341732.30 7556.31
4.4 375905.53 9015.27
4.8 410078.77 10790.79
3.2 27338584 4665.92
36 307559.07 5849.60

11D 4.0 341732.30 6381.88
4.4 375905.53 7927.93
4.8 410078.77 9510.76
& 273385.84 4886.14
36 307559.07 597347

17D 4.0 341732.30 7239.74
4.4 375905.53 8739.99
4.8 410078.77 10721.97
a2 273385.84 6193.69
3.6 307559.07 7184.68

23D 4.0 341732.30 8684.93
4.4 375905.53 10116.37
4.8 410078.77 12469.97
3.2 273385.84 5808.31
3.6 307559.07 7170.92

28D 4.0 341732.30 8340.84
4.4 375905.53 9730.98
4.8 410078.77 11534.03




ALl wusdluasveniuazomaluusaznisanevesgliuuiiunsouioway

§n518u Fasnslwath v
- : LagLsgluasin ussluaneINIe
M9 | (@nurenlumseatiling)
342 273385.84 3069.32
3.6 307559.07 3922.67
5D 4.0 341732.30 4569.57
a.4 375905.53 5643.14
4.8 410078.77 7239.74
8.2 273385.84 3206.96
3.6 307559.07 3963.96
6D 4.0 341732.30 4597.10
4.4 375905.53 5y 39.49
4.8 410078.77 7349.85
3.2 273385.84 3785.04
36 307559.07 4652.15
7D 4.0 341732.30 5326.58
4.4 375905.53 5822.07
4.8 410078.77 7570.07
3.3 273385.84 4569.57
3.6 307559.07 5491.74
8D 4.0 341732.30 6069.82
4.4 375905.53 7060.81
4.8 410078.77 8547.30
3. 273385.84 4308.06
3.6 307559.07 5051.30
9D 4.0 341732.30 5918.42
4.4 375905.53 6785.54
4.8 410078.77 8120.62
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A12 LamLi&J’Tuaﬁmaqﬂ'nmxmmﬁ'l,uLm'azm'i';'NﬁwaqgﬂLLUUﬂﬂuLLaxlﬁﬁﬂﬁaﬁaawau

Smsdu sas1nslwari y
" . LauLsgluani aussluana1nia
M3 | (gnurrimumsaadalug)
52 273385.84 4349.35
3.6 307559.07 5477.98
5D 4.0 341732.30 6702.95
4.4 275905.53 7996.75
4.8 a410078.77 10460.46
3.2 273385.84 4542.04
3.6 307559.07 5849.60
6D 4.0 341732.30 7459.96
a.q 375905.53 8836.34
4.8 410078.77 10653.15
3.2 27338584 4941.19
3.6 307559.07 5987.24
7D 4.0 341732.30 7625.13
4.4 375905.53 9290.54
4.8 410078.77 11011.01
C. 273385.84 6813.06
3.6 307559.07 8657.41
8D 4.0 341732.30 11079.83
4.4 3759035.53 12235.99
4.8 410078.77 14878.63
5. 273385.84 5877.13
3.6 307559.07 7473.72
9D 4.0 341732.30 9097.85
4.4 375905.53 10611.86
4.8 410078.77 13116.87
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