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Influence of Pressure in Surrounding Atmosphere on the

Cavity Formation by Gas Jet

Synopsis:

Soichki INADA and Tefsuya WATANABE

Through the modification of gas jet theory by Brapsuaw et al, a mathematical representation that is
capable of expressing the influence of pressure in atmosphere has been proposed for the dynamic characteristic

of gas jet.
The results are summarized as follows:

Experimental model tests gave also been conducted for the confirmation of the proposed modal.

(1) The mathematical model is found to give semi—quantitative agreement with results of experimental

model tests.

(2) The results of the model tests indicate that the gas jet under the reduced pressure transports the

momentum to the liquid surface with less energy loss than that under the atmospheric pressure.

The cavity

gets, with the decrease of pressure in atmosphere, accordingly.

(3)

mass transfer in gas jet/liquid reaction.
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¥ He distance between tho je1 pole and
i__ 1he Liquid surface.
Hc depth of cavily
+ nozztle diameter
1 iength of the nozzle

Us et velocily of the nozzle.

T
U Uz jet velocity at the axis

1 - .

] Pl.Pg liguid and gas densilies respectively

He 3 Uc Q mass flow rate of gas
! “ Vi volumetric flow rate of gas
] 1 He Mj momentum of jet
K jet cunsta;\t for momentum tmansfer
Fig. 1. Model of impinging gas jet.
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Fig. 2. Model of adiabatic expansion of gas jet
at lance port.

— 12 —



FA V2o PVEXDWEAMABERICRETERKENOBE 911

Q(PYUT- (Pt PY1=MT et (8) 3.1 EFALEROAE
R, am 220 (20 PR L7 BRPE T 351) B 2B b % 6 X BB 28 A
Py 2 FRIER Pz A L. EBEES Fig. 3 ©n
3. EFLERICEIMREFNLOKRST TR Ly 2o E, chohomtlE, 7020

Gl E D&% Table 1, 2 1ZRd. AHHSDER
i AT HREHH LTS3 08UE » DRE R A 535
DEHMAD oD D T A SR Lz, FRKE D EEER
FROBBR FORIONNNTR2RHETLH LT X ViESE
CRRETH I ENTER. HARKL LRI,
FENFE, BEFE~TEEHENAE L-BEERICALY
R . & MORMMICH ARSI ARBLTY 2y PELTS
...m Eobhs. ZoXS5 LCERSET, SR -

. WIEESE, HAMRE, T AR EOHELET(LL
TEHEEDFERE TN DN, HASEDFICL VAR
NAHEOMAEZE Fig. 3 KR TX3ICEHERSIC
EDDFONIERN T REE L CHEmE FE» 5 AHEE
KITary h5RA Medhlck, MARERE»5§71.3m D
FLE LT VAT — e X DRIE Ure, FEMERETE 1L
REOWEME & U CAlE LIBIERE1X+0.25 mmTdH D,

METHLTW(8)RILREFEKI T OWHEIC A A
BREDFBECARKINDEEDMBDERE 2 =
v FORMEZRTTOIHRETNVCTH B, O E
TR RS T 52> E 5 s T 5 -0 HB0 E
FOVERE T2,

3.2 RRER
' Figo 4 it W AMB B LU 7 v A\ 2 ELS B TEHE
V' Gas cylinder 9 Valve
2 Pressure gauge 10 Vacuum chamber DB EOREMAPEZDOEELR L. OHFD
S ave by focuum pump KERGIED F e D2 FRILGICHT LT H A G AR5
4 Pressure gauge 12 Gas jel . o e
S Flow meter 13 Lance HETLHZ &ﬁ\/ﬁquéhf: TihbbA AT 5~61/
sfm 1;$d minf2E QL E E TP TRE LcMARHEIh D
7 Pressure gauge indow
8 Vacuum gauge 16 Telescope BN ETAREEZENML TP AT 5 v v . DR
Fig. 3. Experimental apparatus for measuring MBI CED. ZORPLHELLRTEL HARED
the cavity depth of gas jet. B, 72 A-mEEEEREE L S35 I i X YK

HADFEERAK 75 D PSR ERSS v ROTER
Table 1. Cases and liquid used for the model FIZORSRRS <75 0 FORMSE STV SRR TER

test. S US
l 3-2:2 BUEFRE A O uEH M AR &
s Jm3
Kinds . PgN (kg/l\m ) ) ‘ 7 ) F:g 51 KREIED B 20 mran ifﬁlﬁ]ﬁﬁ%ﬁm L
Ar | 17821 1.667 TV PEDEEMAMES ~OMBEL R L. FM—5
N: i 1:2499 1:405 H—@‘/ = v FGLXJ-LTYEEE;/?@)T‘@/)J"(VIX'E(<§§Eﬂﬁ
CO, ‘ 1.9635 ; 1.302 ENDETFIC X D MAESRAMCAZRD. O
High vacuum oil 8.79% 10-2 ! FaRFCFHRCEIE T 5729 7 > 2-EmE e Scm,
| I AHSELE 2N1/ min o R DV TIRESUE %/
Table 2. Experimental conditions for the model test.
Kind of | j d | ! | H | P v
. Sh 0 0 m
material ; ape j (m) ! (m) ‘; (m) A ( mmHg) | (N1/ min)
! ! ’ ! 2 -
‘ x 10-2 N
' | 35 10-2 760 1~10
Glass ! Straight type | 1x10-3 5x10-3 4x10-2
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Fig. 4. Effect of volumetric gas flow rate on the
cavity depth under 1 atm.
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Fig. 5. Effect of volumetric gas flow rate, lance
height and surrounding atmosphere pres-
sure of jet on the cavity depth.
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Fig. 6. Detailed observation of the cavity depth of
jet under reduced pressure and schematic
view of cavity formation.
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Fig. 7. Effect of specific heat ratio on the cavity
depth of gas jet under reduced pressure.
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Fig. 8. Relation between P and P, for various
flow rate.
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Fig. 9. Effect of the volumetric gas flow rate, noz-
zle diameter and nozzle height on the
cavity depth by gas jet.
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Fig. 10. Effect of the surrounding pressure of gas
jet on cavity depth.
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Fig. 11. Effect of surrouding pressure of the jet
on the linearity between #h (h,+b,)2/h3
and V3/hS.
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Fig. 12, Relation between the cavity depth and

surrounding pressure summarized from
the proposed model.
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Fig. 13. Experimental apparatus for detecting V,,
under various lanciug conditions at P,=
760 mmHg and P<760 mmHg.
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Fig. 14. Theoritical curves of Ar gas flow calcu-
lated from Egs (16), (1) and (22) under
various lancing conditions at P,=760 mm
Hg and actual observed V,,.
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EHRAGHEOEELE{LEE L, FTHIFATEZENR

EEH (Pot+P)/2, IBE TK OFABELLT
ps=(0gN/PN) (Pok P) [2-273/ T-vsvrvvvevos (16)

Lo (15) &1z,

Rey/ F=2.2/{d}pgn(P;—P2)-273/ap? T}

(INR-BQuE-OEFDTLLEbEN 5.

Q =Rerd,p /4= pguondy [4----cemeeveereeaenn (18)
Vm & QoB#HII,

Van=0/M-22.4 oeeirermermnenienanienianns (19)
LichoT

Vin=5.6mdoptRe/M - vevvvmemineniniaiannnnns (20)

(12), (15), (20)z%» & T=300K sk - HEATR
LElEEORN LT ok, Fig. 14 TBIEERER
FTTELBIEHRBRIEE I —HLEAPWETCERE L
REFHETZLOBERPLREUTHILELLND.

B =
A o G FE R (m?)
dy: 5V AER (m)
S 17 AnoBREgERK (=)
J T EANEEE (m/s?)
& ENEBBRE (kg-m/ kg w-s?)
Hp byt 5 AT E (m, cm)
He b : iEMBIES (m, cm)
kv t OBWHEBHICHT 2H K (=)
Ky QR ISIT R 5 R 0 B E K (m/s)
I :5vARX (m)
M . SFR T (=)
Mij: =yt OEHE ( kg-m/s*)
P ZHKEN ( kg/m2, mmHg)

Py BEREDEN ( kg/m?)
Pp: SYyAHOFRAEN ( kg/m?)
P,: 5vA»LDH Ak HE ( kg/m?)
Q: #ADF R ( kg/s)
R:#AER (=)
Re: va4 7 20X5% (=)
T : # R{BEE (K)
Uy: 5 v AhD# 2D F ik (m/s)
et Py P ORLEO F R FEE (m/s)
Vs ¥ =9t DEHERTIR (l/ rnin)
a,a'sa' : HBIER (=)
v Bk (=)
oz FREKEAD # A BE ( kg/m?)
ogn t ARHERRB T O # R ( kg/m?)
o1 BROEE ( kg/m?)
poc KRR (kg/m-s)
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