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A STUDY ON THE PERFORMANCE CHARACTERISTICS
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ABSTRACT

Water jet air pump is a kind of pump in which water jet
entrains and compresses the air by momentum transfer from a
high velocity jet. It is widely used, primarily because of
high reliability and adaptability to installation in remote
or inaccessible location. It operates on fluid power rather
than electrical or’ mechanical connections and in some cases

this characteristics alone justifies their use .

Generally it is to be applied in vacuum pump, gas
compressor and so on. But the widespread use of it has been
impeded primarily by low pump efficiencies reported in the
literature ( 5-10% ) -and pump design has appeared to be
complex. And so, the previous experimental works on the
water jet air pump is of limited value because of missing or

incomplete data.

In the present experiments, the effects of throat length,
nozzle throat area ratio a.nd jet Reynolds number were
investigated systematically with the various throats. The
objects of this paper are to improve the efficiency by using
annular type nozzle, and further, to computerize the optimum

conf iguratién based on one dimensional analysis.
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Suction Liquid Jet Air Annulus Bubbly
Air Flow Mixture
Motive N
Liquid Flow ~
q ~ / 7 oz [og
5 ==z =217
—— = - = e i Bt P
= \>-§: - f . f"’ * Mixture
x A o o
7
7
7

Mixing
Zone

Fig.2.2 Flow State in W.J.A Pump
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o Fo] BaHEK k.

2.4.3 2 A A
oW MM MHOBRTE tha 2ol ekl 5 gt

pi_Pd = (Fi‘—po) - (Pt_’Pu) -‘(Pd—‘pt)

S LUK = 1 g AR b (1T 0 ) (19 ) =01 em 0 W

2T —ath (1) RKab o) (19 ) J—piWoa (2,51)

2AONMY ERTE O KR(2.6)F E¥Hols 2MAUAE Tl
3 2o
e QZKa+ KB 4 (Kt Kab® (14760) (146,))

€fric

I ; )
FQZLH (1 o T (RN b e b
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B 3E @ HREE Y ®RAHH

3.1 REaERES ME

A KREE- XWRE WAF =9 2710 ki@ el g 3=
e 374 At 9 vl viEl (Manometer)E ol 3ol git}.

Fig.3.12 RWRERS 28 EEEoIrt. KBA WARZ: W
BHREY AMERETY WESY 22 AX#(1)I % WHIY=Z
FUE] WRAHE 71X WARZS WM E AT,
B FTR KBRS AT ALY KES F=2) il
MW  violm X (By-Pass)4 2§ At WMstdct. WK
Mo mEWmNA St BRI FUH LGz Jste EHUH
+ TURNTE 2R EHAZAM, KEYH Ak BEY A= 2
sto] jwikol WMWY e KEHE AU FIRMY A5& T2
7] $ls) B Mol T2 (Surge Tank)F 7ix FIAZ FI9¥
th.  WIARZO RS BES MESH St EhHAE MRl
of vfovjelof MEstdoni, o] W 29 (Line) fyol £Y¥ =4
o EiEtkol Y BES BRESH?] 518t vixoiel Aofd #
fH 29 (Air Purge Line)g »ﬂ[ﬁ}ﬁt}. WIAR =32 2¥ HHf
Ht BAKT KW@(2)2 Hiizlol MBRA Y=o 2J3te] Kili(1)
E oHEA0] g2 g 25t KW(1)8] K&k E —wE3L

fAstgdrr.  Fig.3.100AM R wig}l Zo] Ki@(1) w2 Y
< B84 29 FZ (Over Flow)dl+ 2 MPAZF HANA XK
M(HE HEHT.  oMH KiW(1) kg —FsHA 3l W

BE=O TAKES —FoA SAVLIN THRETAN XR
o fatelrt.  Fig.3.2- NAZES 2HEEY o WRolT.
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Fig.3.2 Photo of Experimental Apparatus



3.2 REARES &BHM
X R WARETL TAAKM BBHES, 39U (Sueti-
on Guide), £AOMW, & U tIFHI BRI 3Act. A
Fig3.0e $ULKMS EBLZ Y B OuBel Aol
wo WEMl Y BRI MOKERS T EAHLE mER
H bol #itol utet A EZ2] ﬁﬁkgﬁ}gé’((?e)t Breakup Length)7z} o e}
A ORES 3Aolvl kA Hw, £ ol wE Ehh 2 KE
BT 9%e 9 HEE mEh Wis WART g 2 9%
5 oA B, oheld & WEROIAL ESLTH WAR = #
geol vlxl: oare Egolvl Slshol MM P9l 10 mmQ EE
vz3 ol 6mmet 7Tmg T A FAURE EABLZA
&89 @R 0.173 0.149 ol tistel WWE ohtt.
Fig.3.4% SAO®S HAMoITH. B2 Mo ¥
An7ba el Bl ol iR R} @ty sl FANA
6|7} 39 mm} 79 mmd 5 shx| o Mol Uistod WEAS fishaivt.
Fig.3.55 %o sMMoltt. EHRMS TIRMM EBE
Wigol x£2% ol Tolxv gl HMES HEEMA Tty L
e m7olst HolMol Frh. ot Ao WE MBol: B
RS HEWKT Tl EA lolzix ol =2 Mof %M (Shedding)
cwa, UMM EHEEEC 220 ol ToHoz
Mol o E g o %% (Entrainment Effectiveness)o] ofF 4
Mol Tolh 4T 7 Mol EBHEMEC %20
o) 2ol x| Al T EEEEZo] Mot tIEAM PodA 14 R (Phase-
Separation)?t Aelut EEHEMol A Hol esld BEE A
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Fig.3.1o] uhebul Ql& whol ol WM WA =of miE 1 =
o BMELS Rt BHM@ FA4 2232 FAn0 9 Fdog
tFMEine BEe che3 Zol mMEsct.

R
R
x
<
3 -+
Test W-J:-A Pump
Z DN [
< N
OF1—1 ol cL
;‘L":%}(D ) £~ <
'EJ___ 0) _1

Fig.3.9 C(alculation Method of Manometer



Fig.3.900 M 2 & wie} o] 22 HWEERES 'w, KK HEES
rsy KBS Po, WAH = o] MRS LA st EHE& Pa, WAY
=5 hOERE FE MENY BERER Q2 VAx Y KExlE
hiw, K&# ERI F5 WARZE?L o7tz gold hww, BN
of Ztel Y chgol MY KBEE hawel s, XHAWMA AoiA A
& KEzA AT KEHL FolE s, Ejol 7all s =
o] & hzs?} 3T}, et e BES BRESHZ) st =2 VE
do] Kol BAKA T JelolA XKiemE(C.L, Center Line)g
Do Mo FHHBERS

po’+_rwh1w+rwh2w —= p0+rshls (3'1)

tgos AE vE HT AE Z AN WARZR ZFoh1

2 st #ftze] K Pavb &Y P eol:

Pa — rwh1w+ Twhlw+ Twhzw + TwhAw = DPo + Tshgs (3'2)

®(3.2)F BT

pﬂ = p0+ Tshzs —Twhgw—_TWhAw (3'3)

R (3.1)o) A  whow B T3ho] K (3.3)o] KAt EHESIT (E#
o BHe e et
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pa = p0+rs(hzs_h1s)+rw(h1w—hbw) (304)

BRI 22 WA delMde Bl Ehw{ol tisie] 1w
M7t 712 —@Eshh FR HBAE FTIA R FAD HFAMY
ERitol utel HMMEIT 24 9. Xk RRAMNE KRE
e 5712 BEE 20°C, EHLS 0.1 MPag AMo = 3tgon,
ZWoAM MBRERS SAOR oM HRAKE Qo XM X
stol 717]o] HBER do(= &/m)E F3t] FJRM Qag 733
t}. £33 Quao] HEEE ds(=r/e)E 33t F94A Kol &
B Q2 UESIAT. #3.1T X XK ®K@A A= EA Z
7] 8] %tﬁg% sk A LU en, 27U E AN Ehol
thsh o] WIESHATEH.

TR EQat HWBHKMS A E o5 =H (Jet Reynolds Number)
2l Sibol wetd W Wl AN PiA HEI, KA KE
7} 0.6-6.0 Nm3/he} 2.0-20 Nm3/hQ 2A2 RKEH= BAZ B/}
oF FUAME H2 HBAE £I& 2t ¥Us] g4& & YEH
stdct. HNBERES RMESZ fsted RBY FFR KEHY
W 1-10 m*/holv] & RMEBET FA k&3 Tol Mt
Athk. Fig.3.1ef & BHY=ZZ WHstol REHS v88 —
Eo FAP e —RT ATFT T KW (2)o Yoo MmPT K
frol o2 &S ALY DI KEHE =& LB Mwst Y
v, ol W WHHZY FIJKHAE —FA 421317 St ®|
€] (Tap Water)E #AsIATE. o YA M@EI A3+ Fig.3.10
of vhetih gdrt. |



Table 3.1

The Properties of Working Fluids

N2 0.01 MPa 0.1 MPa
>
L R | & Air Water Air wWater
®
( Keg / m’) 0.1189 998. 16 1.1894 998.21
PRl
(#Pa.s ) 18.263 1093.6 18.625 1093.5
B 153.95 1.096 15.39 1.096
(m? / s) x1076 x10°® x107° x107°
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3.0

Q. = 10096 x Qz +0,0142

2,5
I

Real Flowrate Q, m3/h
20

1,5

1,0

| | l I | |
05 10 15 2,0 25 3’,0'3 35
Flowrate of Flowmeter Of m/h

Fig.3.10 Calibration Result of Water Flowmeter
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3.4 RRFE

o 3.10lA AW wbel o] KM(1S) K2 —EstA oo
EBE = FUKEE oA a4y EWHEE ¥ SUYRKE,
el A0 EHE —%e) sAste EWRETIAN KBS 4
shedvh. WERF WAE = pyo] BBl TYst: Ae WA
915to} A#(2)9 7t2ul S ~Ex (Sponge)E B FIstel el e (Fil
-tering)A] Z on] EB#hH =] F Aol 100 v 4 (Mesh)2] ~ E g o]
1] (Strainer)2 3@}l A}, WIAY = o] Ri#el KL nhxviel
2 Mt REshRd o, of W REMS vhivielE: MESHE
ehol pgel BEES EHEM 22 RISt BEsHct.

WA EBW=O wmfiol REY volvA =2 FEmlod W
Bk A=dAols2HE WA VA olol ThT R
Wis Mt BRH-Z0 HENNES KW,  Han &
J@ A=z A7 EJEE Bol HA T WHEE A
Edol ¥ 2K S WA T ool U TAPEO WS W
wolel MAMMEREAD O KRS o1, =3, mAMR
ol Mo HmBES Wiol w2 TUBPES Wiol i KR U
HHBES TABES Wiol 12 TJREY Wi BT KK
& shgik.  wpolmA =2 EEclel ERBKEE —%d 4
sty WIAM = mHdM 3 UM THKEEHS Hiko REY
Moo= wmistel TUWEL w3 $AY hE HRKBRLO W
feol s ®%e] 242 R@otdch. o W FAPHFo] 710 mm
HELL TS Wg 970 ZHREH fikol REY 227 225
wEE A ol te MiBol: TERKEMN BT (Float)st 4stA o
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¥ (Hunting)st Qict.  H 270l 2 Mfrel tiy? REE 37 H3
of Zolvt 2 7718 & FMAN Mkx 4ol 6.3, 11.5,
16.7, 21.9, 27.1, 32.3, 37.5 9 42.79 A %of visio] KWL 3l
odtt.  Fig.3.7odA & & v uvieh Fo] U Jojd AH
2} 9 (Center Line)g %7 St E#e m@mol MMNhe +3A2H
dEmds 54 1me 250 E EHTA F4& AT,

TAFUBEL FFs BHEE HOMERE BHE232M4 |
I Wibol TP XRE stPen, BY FAOA0 Y Wi, ©
A0 BAMmE Wibol tlY KBE Y= 173hAch.  %3.29
A KR KWK E vhepuodc.

Table 3.2 The Range of Experimental Parameters

wW B’ I[al 2.1
m (bl 0.14 , 0.17
BEx FU9+730

[ LE ] 2.0 , 4.1
ML F5o]

[ LT 1} 6.3 - 42.7
t) X A 6.0 , 8.4
HREkRE [ 901 0.7 - 2.8
AeHolgEM

[ Rej 1 5.5x10% - 8.4x10%
B & [Pd] 760 mmHg - 1060 mmHg
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} 4B RBER 9 BE

4.1 timewd

Fig.3.30] 2+ HWB-T teeh# ER,IH7 Sstd EBH:
Z2 ﬁ]ﬁi%zél)f’ﬂ ot BESY g 2. EBHxs A
a(l)et B (2)Ao]l 2] EEERel U= KBl tiste] ¥ EZ ol HER
I EMGERe EANTY BB FY EEHEEB Cn2 ot ol
DT,

o [ 2 PP,
Vzldeax—fp [_1—~—A22/—Af_]

_ 2 o Pr—P;(mnH, ) | 101325P,
998.3(kg/m) " 1—AZ/A? 760 mnH ¢
=\ 0.2671 (B, —P,) /(1 — A/A)( ot/ s0c?) (4.1)
Vzrea] :Cnvzideal
=C, J0.2671(P, —P,) /(1 —A3/AY) (4.2)

Fig.4.1% B#&} A7 0.29% 0.32¢ & RWMA WHL T2 o
EZH] Wil O EEHRBS Wi 2 JTAEZIM K KA
ANt KRWRERS W& L Fig.2.10 SlojrM BB ZF2 ApQ i8
%2 AQ oM &E& Pigh Pod ASA wiie HWBHIAD
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ol Mol MR E ] 2T #HAI} 0 AR ol o EEEX
2l FYCU ol o3 EEEL T Hke 223 K BB
WE Y ol == ®Ut 6.60x10° BB HEHELE 0.81Z M —m
B HEAETH Y rt.

Fig.4.2¢v EH& K7 0.149 KBS STYRES LT Stv ®A
HRB2ZM HHBES stetviels st FABEA oI BHIR
Be 935 e Aojrt. Fig.4.20} & &4 4+ U+ utgt ol
TUBES BOREC MwJol vl HEMHLE Binsty kB
Bo] Mmool viet WAste BHmE et gdct.

Fig.4.3& @Mt 0.179 9o HAMERS A Fig.4.29
22 Hm-e veEr Yk, Fig.4.28} Fig.4.3°2 Ao tjstod
HEES JFe¢ ERst vl L7, -3 BHREN b
ol disted mBHZH 0.149 HEE 0.17¢ HB Rt FUABE
e ¢ 5+ A,
Fig.4.4¢ W& K> 0.149 F 9o ntiBES] Wil 4 REA
2EM HHBES setvle R st BBHEES Wi O 54
WmES WL LhEp? Zolrt. FTYREBS FIBEI vt PR
2 EHmEe Mmool wel Mmst wrHBECl MmYP A uhet
Bt @Hm-E vrERU QAT

Fig.4.5¢c mEKE7H 0.17¢ 92 iR Wibol 4T WA
o 2 A Figd.4ek 2 EHme hEbU gl Fig.4.4¢8} Fig.4.59
Aol chste] mEKES L AMEY, A BEHREN Hilt
WEo oiste mBEKZE 0.149 S#E7F 0.17¢ HERXCY SIURKE
ol Wes ¥ & A

i
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Fig. 4.3 "Effect of Discharge Head to Suction Head
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Suction Flow Rate
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Fig.4.5 Effect of Discharge Head to Suction Flow Rate
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Fig 4.6 Effect of Suction Head to Suction Flow Rate
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1.2 RE BREI HERHd vxs o4

Fig.4.8& @KL 0.170] 2 KT Y7 A 0l7 2.09 % 5o
BB AN Ao ExHE neEnHT st Fol Mikel vl
T OEAPEY WS Lhebd Folnk.  2eld ¥ & U v
sh Zol EUAPEL Mol =Bt Mol whet Mmol.
£ Zhol AL MEEFAoH 11.59 Hiliol TYBE

ol

7t wovl Zholst #Mmyel wek YA WPt AW S HERY
k. ojgb TE ojf & HAo EBHEME BT deol L
kez Aol o] upet 8] HEEA 2P Hkol Mmes =
olztx 34,

Fig.4.9¢ W& K7 0.1701 1 MR EXEZILEol7t 4.1¢ %
EHsA A=Edol 528 E welvlelR sto] HUol2 Wibel T
3 EUBBY WS hERYE Aott. 23 ¢ 5+ 2+ w
e} o] FAHBX AE=Edol =287t Mmool ot Hmc.
=¥ B0l JUL AEdol 2T 2 @AM 18 —
ot AEgol x2#ot 2 WEAMNT FAolv Aol o} upel
A2t RS EmE e gel. Fig.4.83 Fig.4.9o04 ¢
F70lo it oY FVE It 2V, @M-F HMEde] =
Bol YolM EBURTEYF AoV 2.0¢ KiB7 MR EA A7t
4.19 HBERETH SYPBE w29, 2T MR EYTA 4.1
A Fedt MERTEIFACNI 2,09 Ferrr Fo]2 Ribo] o
sto] 43¢ AA ¢5& ¢ + At

Fig.4.102 @& K7 0.140] 1 ME XS +Hol7t 4.1¢ A%l

Ehme A=eol x2S vetule 2 sto £Uolo Mol U
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P SUWE) WS b Holth.  Fig.d.9sh Fig.4.10004
EHILS 3% e B@otel 2V E— Aol z2Hol UoiA
EHMOH 0.149 HECH 0.179 WWETH TAWBel oo, B
%7018 9%e EHIOH 0.149 HBlE 0.179 HBRTH EB
EW@ol LIRM 7 @l UM oot Re % 4 Ut

Fig.4.11¢ E#Hk7 0.140] 1 MKEZY 7D ol7 4.12 32
BN A=A ¥ 2 KT SHetuleT ot} Zhols Wikl o
¢ ZAMES WD U Rojt. FIBEA uBAAL
TAREE ASAclEZRI MMTLES Mmoto) MKEE Dol %
37.59 W FAmMol T WAt

Fig.d.125 EME7 0.170] 2 MAEI Y2207 4.1 29
AN A=AolExmE Hetule T stol Zels Wikol o
¥ FAMMS MEE U o, UM ¢ 4 AE
o Zol TUMBE Aol EZMI MMULE Mmetol 3ol
3 ZolRol whet Hamy FVoHA Mmet: WA et
Fig.4.113} Fig.4.12004 mLe 928 E@otel 22, H—2
A=elol s = Bol QolM MK 0.149 N7 WRE 0.179
mEech TUMEel U&e T 4 At Lk AdAM §
IBES TURME A=A S2HOF Wmol w Mmoo %
Ans Folst 7 WEoE TUBEE wout FFols Wikl o
sho] @%e A wem, T @RES = WBAE TUKR U
ZUABEE Go} Bho0lY Wikl tstel dUE BA B8&E Y
£ 9.
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Fig.4.8 Effect of Throat Length to Suction Head
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Fig.4.11 Effect of Throat Length to Suction Flow Rate
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Fig.4.132 @i#l b=0.14, M E o] & =@ Rej=6.24x10*9 7 2o
of %7012 stelolelT ofol MBMRISY Wikol UY 3@ MK
0 RIS WE UEhd ot fo YoM HME MR
P R(2.28)004 7T BRAKEME U Atk ERAEM
L% Y Ozdolde REEXHKZ Kthel Kdiol uhetd ot
Sev MEREXS ULE BAmkdd TANET BAERS LR
W Zhocleol webd MEEAHKS R Pk B, = E
AHRY REE ASdolExme WRKEL "9 wHED §
9 dRE Porz HMEEEY Ae T AL AT KMo
Dastohn 2o, A4 HAREM AVl WP HMES
KRS WEHo] Knz=0.18, Kth=0.20, Kdi=0.362] & 2ot sict.
TYeA P 4 Ak she Zol MAESLoI 42.79 mme %
BEES RPHOT Mmeiel WARENS 2.29 © 23.4 %2 M
B M Ushudnh.  WREEE 2.2 ol E MRKRE
Bt Mmuel whet Mol A WolAtu o 2e MMM}
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