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Evolution characteristics of air pocket during geyser in drainage pipes

QIAN Shangtuo' , ZHANG Han’, CHEN Yaohui', LI Xin’, ZHANG Jianmin’, ZHU David Z.*’ , FENG Jiangang'
(1. College of Agricultural Science and Engineering, Hohai University, Nanjing 211100, China;
2. College of Water Conservancy & Hydropower Engineering, Hohai University, Nanjing 210098, China;
3. College of Water Resources & Hydropower, Sichuan University, Chengdu 610065, China;
4. Faculty of Engineering, University of Alberta, Edmonton T6G 2W2, Canada;
5. School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China)

Abstract: To investigate the evolution characteristics of the air pocket during the geyser process, a numerical simulation of the release
of an entrapped air pocket in a drainage pipe system under double-sided inflow conditions was conducted. The geyser formation
mechanisms, air discharge characteristics, and air-water energy evolutions were analyzed. The results indicate that the entry and
subsequent release of an entrapped air pocket into the vertical shaft trigger an air pocket-driven geyser, followed by the occurrence of a
rapid-filling geyser. Depending on whether these two processes operate independently or interactively, the geyser process can be
classified as either a separated type or a hybrid type. A higher dimensionless pipeline pressure difference P~ or a smaller dimensionless
initial air pocket volume V, " is more likely to trigger a hybrid geyser process. The air pocket discharge ratio during the air pocket-
driven geyser is approximately 2%-47% ; it first increases and then decreases with increasing P” , and it decreases with increasing V" .
The air pocket discharge ratio during a rapid-filling geyser is approximately 0-5% , and it is minimally affected by P and V, . During
the geyser process, the peak kinetic energy of the air occurs in the air pocket-driven geyser stage, while the peak kinetic energy of the
water in the vertical shaft occurs in the rapid-filling geyser stage. The geyser intensity decreases with increasing P and increases with
increasing V,". An air pocket-driven geyser occurs when the dimensionless maximum kinetic energy of the air per unit mass exceeds

1.5; a rapid-filling geyser occurs when the dimensionless maximum kinetic energy of the water per unit mass exceeds 0. 5.

EETIE . THA QRBER ST 130 H (BK20231462) 5 FIR [ ARl 400 HI0H (52279063)

TEZ Y BRI (1988—) 55 IHUR, [t , RS TRK = e 5 0 TS . E-mail : gshtte@ 163. com

WISVEE . FRMEME(1995—) 5 PRI, 184, 2B EBRAS R ATSY . E-mail : yaohuihhu@ 163. com

SIRARST: Brdh oK BRI 55, Hi K I md e S R R [ D] I s 2 i ( A ARRER) ,2025,53(6) :90-100.
QIAN Shangtuo,ZHANG Han,CHEN Yaohui, et al. Evolution characteristics of air pocket during geyser in drainage pipes[J]. Journal of
Hohai University ( Natural Sciences) ,2025,53(6) :90-100.



%56 BRI, HEKAE B I R AT AL R 91

Key words: geyser; entrapped air pocket; pipe-filling bore; air discharge pipe; vertical shaft; numerical simulation

T HEK R GE B I6R ABE O 1 TR, AR ARSI R K S HK A G KB
SR AT AR D R KIS R I A TR B AR AR, e RGEAR S HE I 7SR R
SO, HEKAS T A AR B S A NI R ) 06 7, P B AR v A T 9 U 5 W B O Il B <
PO M R AT K 3 2l 2 B R, R A R K SR A W EIBUR GBS , BRI
M g JBE T IR BOKR BB 3R RO B, W A i 2 PSR Z 04 T 7 3l | % A8 T 45 R AT 4 3t
LA T

XEFIBERBEST , B NS R R T HdE 10 T Ui it DA A BEAR A AR R | 4F 5 — s AR B AT
KOG BB RERCS | R IS, 4307 I8 2 A LR I8 7K 1 R B W 7 3 e 2611 AR A
RABUHI AR SRS FEAE | AR A3 S SRS B I R PR e A g 171 A P R 2l s 14 A
fiER S AHE ) 7 AR I A _E TR R, K R S S BAR IR , A W K O T, PR R T ) B0 2%
TREN HHUIRCE R — e A A AR IR B S 2 5 B K AR RS O B I R B TR )
S TR % AR E BT, Cong 5512 4 1, RS RATERIF HAR D, SEEHRZ D Z 1L
Wi 2 D,/D<0. 62 I ; Choi 45" Ji LA VA 9% )y 2 1 M o 40 50 U5 1) % A= AR 3 BE D,/ D 1) I/ NI R
D,/ D SR F AT G T8 P S 2 AT A ST IR, AE R i 14 T AR 5 A, of b D KA Y
M3 1, B K S B 5 BE R s Chan 5512 3 et BSCOE AL 1 7 J2 008 w3 1) S v 43 BT 17 R 2
FE B 25 5 PR 2R 1 A8 4k 5 Chen 2512 3 — B R 1S AT IR Sl B R B A8 I8 8 A 1 312X

TE R AR AR rp |y T A IE AR S P, SO S A T e e R e TR FERCARPE T OF
My R R B R G S E IR BT ) 2 I YGRS A X AT % BEAR AR R A LIRS B A2 8L PRk
FRGE I R 22K E I 23k AR T, Li S50 s B AU I T HE KA T B AR R 22 AR TR i<
R | 2 B EREE , 435 R SO A AUASE SR LU T BP0 3 P JHLAEL A 5 200 £ PRt 3 78 2R W7 A g 2 K
SORE I MIAFAEZE 5, Huang 5511 50 o 4 HUASE 200 356 9F 90 17 A ik 2 /48 s 2 K i B < A A 8 O e 5 |
RIS ARAE B 3T BB AR IFE 5200, Liu 45238 55 BUE BT T 238 0 A i A
18 PR R BRI  (HOR I B ARG | BRI O , IR AR G W R 5 EHEURAE . A
G AR T R L N K A A FTRIRE e (LA HEA T 77Tz g AR B s 2L K S BAE
FISs 7= BRI REEEFERC ™, Li 420 63k O () — (B RLMHT T AR K SR ) 58 B K
S AEHL] 48 BT K SGE BRI BB, HAK S 18T 5K S Re i sc B DA OG . (EAE N i
KPR ZBE O AFLAEPE T X TR AR U] 3 IR AR WO R R AL BT 1 B 2 H

Zi b N TR 2R SR 2 3k 0GR T HOK R GBI Rt — DT, JHmiad R vty B U Y
HE R FHE I AR 1 HAR N, e e oK SR R VS W A Z [A] H) SCHRA FptE— 2P i, B T e 2
WERHEIE A A BB A TR B AR SOR A = HERE AT 3k, RO A AR, B7F 5 ph i B AR 5 |
S FH IR RGN K AR AL S o JERRAE , It — 25 oA AN [RI S B I8 1) =0 2 L o i A LA
DU R IR HEK RGBS 2 s A7 R I il .

1 HERMTTE

1.1 EHAFEMBERE
et i B o S A K iz sl K S PR )R, SR FH VOF 15 RH A 80 R s K S T o7 B, i 1 5 R
wHEM, BRI N

9
P Ve (pu)=0 (1)
ot
Ju T
PtV (puu) == Vp +pg + V- u[Vu +(Vu) | (2)
Hrp p=po, tpo,  a to =1

Ao HIRA T ju NEFER S ;p NIET 50 NENNIFEE ;g B ITINESE s o, SRR LG «, K



92 WK E el (AR RS R ) CURRE

R B p, TR sp, KL
&M R R4 1, A U2 shid e Ao AU B R, AR SRR DT RN
pV, =nRT (3)
APV, SRR 0 S U B B R W R R H 8, T L
T AR Realizable k-g SIS SZASORITH JE 1 Jifi it ) RIS A 240 SR Bt 30 286 B 5 vl 1) i 0 5
ey b n SEBLRY , RS 2 BB s A TE K LR AR sh USRS B O MER L . Tt S RE & A A FE R
& Wz T REan T

a(pk) d(puk) o My Ok
+ =— —) —|+G, +G, —ps —Y, + S, 4
a1 o, o, (o + Uk) axj k b~ PE M k (4)
) a(pue) 9 . 2
(o), TPnE) [w ) ""9} +CpS, — Cp—"——+Cp €6, + 5, (5)
ot ox; 0x; o, o k+ Jve k
-1
;2 1 S.:5.Su\ | k/S;S, + 2.0, K
Hrp My :PC;L ; :{Ao + «/6005[3005_] («/6 o ) } - = P ;
1 (du. ou. 1 (ou. ou. Sk/e
0 =—|-__7 S. =—| ‘47 S=./2S.S. C = 0.43, ———
! 2(896]- axi) v 2(8901- +8xi) vy ! max|: Sk/e +5}

A s, u; FEH I s, o A R ARAAAR s, TR RS BE sv MBI R o, O kR U R R, B
K10, N e Wm s BIRREC O 1.2 G, S V-8 3 B2 RR B2 T Ul 3 BB A9 2E L0 5 G, ST 05 | kS B9 i U 3 E
AR5 Y SR R R 4R T U K SR AT SRR B TR 5 S, S, M VRIS S RN AR Rk i R C, LC,
C,,.Cy, .C, A, HFEHH,4,=4.0, C, =1.44,C,=1.9,C,,=-0.33,

Bl R S0Pk R AN Bl iy R F R T BRAR R 1 e ) B g s AR e A oK i, e 0 s FE R
J5 R SIMPLE #8 3K, I FH /N 3R BTk TR B2, R A PRESTO (JE 1 ACH5E 00 ) J7 Z8 %0 i ) A7 25
HUEAL B FEH FH GeoReconstruct THEARFI 8, sl FIRE = R FH it WUk 31550, Jifd 1 30 BE AN i I FE
FRIRFH — B il KR T H430 BRI 25 KR 0,001 s,
1.2 JUTEESMEXIS

mE 1 FR R T IR EEE R R HEKE 18 RS0, K TR I B, DA b U0 9 35 AL 3
BRI AT, A il 5 o U B PR A8 T TP R 5 s g e Sg s Ad B TR ) B OKSE D7 a1 & Bl TE
], W) by R B R 2 O e, I EHAE D=0, 15m, &8 DIFBLKE L +L,+L,=9. Tm, H
WL +L,=3.4m,L,=6.3m; PUFBKE L,=8.3m; I HAE D, =0.05m, - 5EEEHAR D /D=0.33, 1
JEIFIE R A A R H =5 m, SRR TP 1 S KA, DAE BT e e B AL i
MR BCE N R ITBE N B E TR ST P, Py, I TBEE NIRRT T BRI R KA B

up
B G TUEIIKk P,,./pg M, SERARIHFIT— B0, 8 RUE AT HOBOBEAE SR, %4538 B0 b A
JEJ A
— A  u
[ ]k
[ 1=4 ] D,=0.05 m
#* =
B3 M
) I A4
V4
I Ll L La A1 Lz:6.3m L3=8.3m N
\ M |
By R 0 D=0.15m P
f“(}ﬁ}j_‘ijj)\u 7k2ﬁ7j|ﬁ] T TWJ?Ej]AU
WA PTI
| P R P 0 T

f I I
1 JLAREREE

Fig.1 Schematic diagram of geometric model



%56 BRI, HEKAE B I R AT AL R 93

SUATRAE, B IE BRI L, AR A, ARSI IRES PT1 AR B8 e g W, BUE R T
A BPIANRINTH(R L) o A BRI TOE N TR IR AP=P, ~P,,, XIFBIR)EN B 25 T.00
SN TR RIR AR v, B AT T A TR RS R AT S R H, = 1.2 m,
5 BT 56—,
®1 IREER
Table 1 Working condition setting

T (P,/pyg) /em  (Py./pyg) /em  (P./p,g) /em pP* L;/m L,/m v WAl Z,/m Z,/m
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A3 100.0 37.5 71.18 25 1.0 2.4 24 R 2.30 1.41
A4 125.0 37.5 84.65 35 1.0 2.4 24 st 2.17 1.90
A5 150.0 37.5 98.13 45 1.0 2.4 24 Bl 1.56 1.02
B1 67.5 37.5 53.67 12 3.2 0.2 2 Fmak 1.62 1.00
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B4 67.5 37.5 53.67 12 1.8 1.6 16 St 1.94 1.47
B5 67.5 37.5 53.67 12 1.0 2.4 24 S 2.07 1.91

TP /pyg=[ Py (Ly+L,+Ly) +P Ly 1/ (Ly+L 4Ly + Ly ) SR ST P = (P =Py )/ (p,gD/6) , HE M T RAIEIE; V) =V,/
(mD/6) , WFHER S PRIA AR 2, K IR SIS 1 J S B 1 s Z, NI LA R I A 7 1
YRR AN 2 PR RS DR T A R 43, R el D A e AL 45 SR A s A ST A B
A 172596 238 680,367 252 1 3 B 7 LAEAT A TC AT, i & 3 AT, AR B A 172 596,
238 680 5 It 21 A ( A% £t ol 367 252) AR R 2253 B0 3. 1% (1. 9% , 761 f& 30 vl P 20 R 1 i 4
T, R ERCR R A E TR MM BN 238680,

7c
6 A& EIE M 172 596
— IS 238 680
5 Wk Kt Sl 367 252
E 4
= 3
- e A L
1 1 1 1 1
0 1 2 3 4 5
lidat /]/\ o tls

B3 ARMEHET A TRASEALIBEETL

Fig.3 Variation in air pocket head at condition A" under

2 ZHETEER

Fig.2 Three-dimensional calculation model

different numbers of grids

1.3 ERIIF

SR FH TR A R A T 5 RIS R, DL A T XD 4G R AT S R T IR AIE . AR 4(a)
AL, SR PT1 SRS P AR SR ISH) A& R AF, B 4(b) AR A LB 31 18 5 S & 5
BT A HRTET R Z BT EG e e SR SR B IR R IR R A s ], S G B AU RE A 5 - b T
R PR TR R AR, 2 BHIZBUEASAD 2% TR K A S A 7K S Bh AR B 25 SR B R A TR

2 #R5FE

2.1 HEEBRASES

5 R 6 4390k A3 T 5 & Az e R /KO- 45 18 AT v (1 K SRS, AR i 7K Az 8l 1l F < AR
A, AT LR SR Rz sl ATHE R R 43 DUR JLASBY B OFBSUIF IR 5, Gl 5(a)t=0~4. 0s s, W1 <A 2
FRE R JTRIK S SRR ) %I B T K KR A R RIS UM R TR . T KR
FHHACANTRE T BT 2RI, W R K M B T TR B 48 18, A KR AR AN o ) s £~/ V<AL, NV
IRBE KL 1] 958 3528 B AW AR B . @B 5(a) (b)1=5.0~6.0s Fis, KA K FE 8l 2 5 EH, 4



94 IORGIPNE S S QI S D) 55 53 %

— BfERE —lzﬁ?ﬂiﬁ%ﬁ

1.2}

£
N
0.8]-
[ W
A A 04 —
9 10 11

P/kPa

1 ]

1 1 1
0 02 04 06 08 1.0

5 6 7 8
tls (t=h)/s

(a) EIFIEAFIES (b) "It {1 h T 725 5

4 AT TARBIEHR
Fig.4 Validation results based on condition A

AR e m s
x—o

0 0.10203 04050607 0809 1.0 ;554 |
— e

1=0 s /*ﬂﬁﬁ%ﬁ] ] 1=6.0 s ! ——
=10 ) =655 1 S ——
1=2.0s | =705
1=4.0 s Wm
1=5.0s 1=9.0 s .
1=6.0 s 1 ‘ 1=10.0 s -

(a) LIiFEiE (b) TlFEHE

Bs5 A3 TRASHEKEEERHEHENL
Fig.5 Movement and variation of air pockets in horizontal pipe under condition A3
QUISATRY B

0 0.10203 04050607 08 09 1.0
E

t=454s t=47s t=49s t=52s t=55s t=5.8s t=6.0s 1=6.08s 1=6.18s 1=6.3s t=6.5s t=6.8s t=7.0s t=73s t=7.6s t=79s
(a) KAIKShRIFFmE (b)) P TR

6 A3 TRZBHAHFBRS
Fig.6 Flow regime in vertical shaft under condition A3

SMEMRAE RS LTS AR AR SR T, AR ARGk S ) R, A IR SRt R, A 6(a) =
4.54 s i E ST AR R ETHIRIREN B I7KAE BT K G R A BE ) R R Bl KR K B
/N 1=6. 08 s TR E I KM AR E T RS R MR ZEA, 1=6. 08 ~6. 18 s If, KA AR T 15
U, PO FE R AT I A SR . @M 5(b)i=6.5s B, KA BT
TRAZ B 2 SH AR I N _ETH5 A PRag B BT, R a8 s A E T B, P B e mid
B, U0 6(b)1=6.18 s Fiizn  ilTRAGIA IR A I I N IT R LT bn 8 E POs s B I e T 4R | %8
NSRRI 2D 1 eIt o RIS A 76 7. 0 s ISR B die iy, B VRT3 o 8 i R, Rl S 58 R o 4
W, @HIE 5(b)1=8.0~10.0s 7R, GHRBUFEFERIFBISE G |, RIA TR E R 2 MPE N R 3h 2 T i
AFHEH

VAT Sl T8 P 295 PRI ] LT DRSS SE B T A6 I 1] K2 e AR R SO o3 B R IBE ; 28



%56 BRI, HEKAE B I R AT AL R 95

A UL ) (RS ST R ST s i 18] ] B T AT s B I W 2 RO (8], R H 2 SO B O R me, [a]— 2850
A R B A B A R AL, o RS FERASS  y HETE MRE R SF BB T B R 2R, AR SCIEH A2
B1 T80 535 9 B A s W R i S8 T 00, 73 Bir 45 2 BB s 18] 9 22 A ML, DL s 7 20 1 s XA &
A FE A HE RS e AL

K 7(a) g A2 TOUHY I B M e | 24P B8 e H i, =0 PR 30 v R Ik e R, 7 <A1 8
TR YR BRI AR Z I A HE G AR, a0 e=6. 85 iR, B 7(b) LA B1 T8N ER T &m0t
M e, PREEERUFBITE (=7, 3 s B2 TR (HA A K S L R BTI A S S, BIFE ARSI ) AT Sk 58
ARGERE I BB, AR L7 K AR BT 2% TOUH IR L E S ER 1 b, n] I Hh B s mi i & A
55 A8 R 22 R AT B (AR AR /N DIRR G, R L 5 B80T <P R R B S I R 2 A ST e s ) B T
PSR Sl TR 55 ) 45 SRS ], AT DROs BOSE R R A A A 4% 00 TR Sh R H W A S e B 7, IR
FERUFBERE Z, WAR 1, W B W A B i R KA 5 B =X i R A Lo B O F B 7, 2
HmE e L — A

z
SUINLNAG S . |
00.1020.304050.60.70.80.9 I'Ox o
=545 AR | =625 AP~
S AR SN R S AR S R
1=6.2 s \l 68 SUEHR |
b B INIFmE

1=6.8 s B FUUHIR < =73 s

e Fo R S | s -

PRI 7 #{ ‘ / PR A2 FE 7R -
1=7.8s l 1=75s

(a) A2TH 4 Bs=mg (b) BL TS M=

7 AEFEERREX L
Fig.7 Comparison of flow regimes during different geyser processes
HiPE 8 I, X T 2 R e, A E B e iE s R W E], IR T (P/p,g) S5 N A g
1 B (Z) B 5 SR, BEE ATz s B B IR TR B i T A8, 7R SR Sh B g e vh Bt
JER IS s 3 Bt P R T T ) L TSR R AR X T 0 B ORI, 88 M 8 T ) A AT 0K 30 R I 2 R
56 2 R AV, 70 DR SR S TR S 18 YR T P S00 760 [o0] 786 300 70t X I — AW L, 8 Ao X M ) 18 s g 7
PRA I 70 YW T A ] 538 2 B AR (L, 7 AT SRR v ] Sk B e, DROGEIESE R A oS | I K 7R R 8
PRI N A A RO EE 5 , HARIR AR 28/ N T DS BOe R H W8 e 58 5 TR, b 307 A8 B b ok B A0 /N 2 B8
HEH , A I RK AL B TAE . MRIEER 1, BRIAL A1 LA B Tl DR s HE 70 8 o 3 B 2tk 241K

— PIRE —Z S BRI PRI T A
251 201
2.0 s
E 15 £ 7
N N
o 1.0 8§ 1.0}
& <
R 0.57 Q
0.5
0
-0.5 ! L | | I I I ) I 1 1 1 1 1 |
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
tls tls
(a) A2 B0t mE (b) BI LU= FmE

B8 ARABIEREHKRBENNBHKESEHIBIR L

Fig.8 Transient changes in bottom pressure and free liquid surface height of vertical well during different geyser processes



96 WK E el (AR RS R ) CURRE

TR S R

S IR B A g PRI A g SN TUEA O HES
1100 3.51 2100
180 28 180
I ) I
160 = < 21 deo =
RS = 53
440 ¥ Z 14 {40 =
420 0.7F 420
L, N O TNy 0 . . . . . . 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
tls tls
(a) A2T WA E=00ms (b) B1THE = mt

B9 AREABIEKFEESEAGREE
Fig.9 Air pocket volume evolution in horizontal pipe during different geyser processes

2.2 HELIREHESEE

Kl 6 FIlE 7 BRASECREY] U A2 S RO IR S KA LT i e AR e — 2 70 A
M R A HE R . 18 9 S AR R R KA I AR R v, 1Al b v, /v, AR R TR R
P, BHUIFIR S, th TR0 A BERSR v, YA WS, BeahTe 1=4 s BEEAT 2%, 16 A2 TOAIIKE)
RSP R rp v, FREE TR R T2 5. 6% M0 i A, AR ATIRSh BRSSP SEHE ) i R HE
AEEE AN T 23, 8% IR A, TR BT R BGS Rh, v,, ZEE R PSRN R G,
HAPHEB IR, A HE B2 0. 1%, 7E B1 TAC A BR S B FmE FE vh 29 49. 5% BY0) IR 3K
etk PR BE R AT 6. 6% BRI IR AREH o 23 B WA HE R P 2 (8] 10 & =Xt
W% AR HE S TP AT RS RO B R rh, TR ARBIE SR WU AR AN T iEA D HES v, R

B 10 A4 T HES R vV, FAHERCEE] Vv, /v, BE P V] 7AEAL, S A 1S BIR 3 AL 85 1 <
VL HE LG 1) 2 25 i TR e R, &) 10 Ca) AT, ZEARTE] V)T AT BIK Sl 2 55 1) < IAT STk L 151 i
PRI ISET R R AR . 7Er B OO AR, BEE PN 5 3R E 25, MR L B N2 5. 5% 3% R = 24
9% ; B Li %00 A 456, AT BK Sh I8 1 b i) 57873 P 2 R R IEARE JS K AL P /p g WAE B, 803 s 2 1
RGBT G T3 /KA i i 0 s 18] BE A, PR kg T 0K sl R W ) HE AU ) 1 O, HE R g R 24 PP =35,
45 IF, Fm A oy 2 U A O B X S P 9Kl PR P HE I e BBt P 49 T AR 32 PR A P
RIFCTE R A4 S 115 A S B A SR S B W SEBRHE S 1) 4 0, HE Ui . X5 T P o 5~25 Y7 Bg s
FE, WA 22 1 A HE R LU P SR /) | 32 T A8 T 22 4 49 DR S S AT B S T TR Y
Fo Iy JE RGO | AR 22 ] AR IRT Bl P~ ORI ek ) , S 3801 SUATHE R LU A8/ o % T DR SR e TR
¢, JC1E 0 B A N W R R HE R LU 7 0~29% , 52 P32 AT IR,

Vou!V; K PIR I FIRIPmEZ ] — — Pk ST R
Vou SHE BRI PRI (] —=— PO TR AL T
60 425 60 - 47
50+ 120 50+ 16
| - 15
g 4 sz & % {4 E
< 30F 5 < 30F 5
< fnz = 2
2 20 B 8 20f 42 =8
T 17 ~ 1of 1
= I~ -/___"
0= == ———d=—:= ofF—= —" " 0
~10 . . . . -5 -10 . . -1
5 12 15 25 35 45 2 4 8 16 24
P 74
(a)l"=24 (b)P*=12

10 HBUIRASEMSEAHRMEL G

Fig. 10 Air discharge volume and air pocket discharge ratio during geyser
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Fig. 11 Dimensionless average air discharge rate during geyser
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Fig. 12 Variation of Kkinetic energy and pressure potential energy of air in system and water level in vertical shaft
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Fig. 13 Variation of kinetic energy and potential energy of water and water level in vertical shaft
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