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(a) isodensity free jet (isodensity flow type), side view; (b) isodensity free jet (isodensity flow type), front view; (c) variable density jet (low density flow type), side view; (d) vari-

able density jet (low density flow type), front view; (e) variable density jet (high density flow type), side view; (f) variable density jet (high density flow pattern), front view



378 TR

$39%

223 (D) AR, 2 A2 A it 2 (u,,,) 5 HH D
T T 1)1 2T () JBCIE LU, 1 0 BRI 22 30 ()
AR, U 2 A I (e, ) RO 5 5 2 IR IR A P
B (o) 9P I7 AR RS LE , o 22 U T A BE S () K
WA AT (w,,,, ) #/]N 5 5 1 B IAT 3 2 (26,)F
D7 MRSCIE FE, Y T I REE (26, )iBOK, T2 T
g, ) RN SR 2] )0 2 K AR 5585 FE
R FARAYFEAE T AREFE R 30 1T K A )
KRB R AR (w,,,,) 15 H TR P2 3
Cug) FIZK TR (26,) IEAH G, 5 2= S IR 1 8T
TP S (o) AT, K AT () TP R 22 AR R
PRI (B 4) o 23] I 2K AR A SR E R, 7K
LSRRy S ACN I EC RN i LIPSV S L NS 3
I HAT A AR R

IR R 2R TURR I A AR I T 55 ol e A
WV T SR IR A4 ) DN 3R A AR 2 5 (BT
AT = PRI B S K AR B AR B
3R Bl AR A ] 4 R R B4R — AN AE sl
VEHIPLE LS T 5 —

3 E = AA R AU L

FAEE KR PRV E 7 B T = A
AR F 2 R AR BRI TR AR I A K i
VS PIK IRV TE = N AT S A R UL A i R
TERTR R =AM S B AR, 256 51
P = AN A R R A T A AR B BB R i AT
M EAEBALL, 73 B = AR U T 2 -1 S T RR AL 544
B = AR DT
3.1 =ARIMNBISOTARFHE

PR VUL K ] A R UORR B0 LA PR VD 28 far
R TR GAP R ZE S BEAR AT B, TIE AR -

(1) Jar4% = AR 1 s e (1B 3,4) KB, 2R
TR AT WA U 8 19 T K AT
Ji i A AR PRGH R A, DA T BUR VD 28 PR T

(2) K TE K HEGE R , K R BE v R
R S(AY VST SR/ S % i) S Ul e DA R N D
NRAT R TR , I PR 5 KA B 7 ) AN [w] 1 32
OYEY Bk ARSEI AT | 4R 0 3 ) S5 A (BT S) o

(3) A BB T ZRUTRVRRAE A = M A K e T
BT = A K B KA Y B, RS
BONKRE K 16.0 m, 58 6.0 m, % 0.8 m; ¥ 2 AT Jm 153k
(DA 1A, P15 () 7K E 34 45 i 7Kk i

1.0

0.8 -
, 0.6
= 54

0.2

g [ I | |
0 100 200 300 400 500
x/m
Pl 4 0] 11 7K A 3 3 0 U R AR A (e, /) 5

2 W AR (2 ) C R

Fig4 Relationship between the change of water

||||||

2b‘,¢ ‘

B

[ RULLZ L —> DUFETT 1]

> #5771
Fls 3 H 3l )3 Koe v ia sl = (s SClk[17118 30

Fig.5 Dynamic field and sediment movement model of estuary

(modified from reference[17])

R RUD BT R L 1 B AR KA =
B R Ho B R R R A T K ) 46 T
TS RUD 2 far A% R FE AR VT IE , 3 2RI 7K Y
I TE LK, DL 2 TR TR R R 38
By i LR B BCE 4 BRI IR (7.0~12.0 m) ,
P RIS S AR R ST, REf% S L[] 20 TR, 425 1 0 2%
TR s T 5 T BT By, [ 3 JT 3 X (O~
5.0 m) LR 0.6°, S I IE X (5.0~7.0 m) 3 FE 2
H1.2°, #1X (7.0~16.0 m) P FE2y0.3°, 1 FEEHE B
TN, BRI T | PRUD AT 6 I e e BT PR 2, 36
BT K o) 2 K A PR B MR, KA e T PR
L2 RSN, LR T N TR IR RV D 2aeT 1Y 1 3
DAL ) AR AR T RV D B AT VAR ) o AN
TR SR A (K] 6a,b) s = FANETZOTRT 51 M ARREIE
KT W AR SR A AR KA R R
P A FT R S50,



2

FEMAREE: - 42 = AP KA 3l AR 379

Ko KRR 7R 1Y ) 2 5 TRV OC &

Fig.6  Relationship between shorelines and sediments of flume simulation

(4) W4 = AINAR SRR BE IR I, ik
ORI B AR Y7 A 3 AR 4 43 A 5 08 °F 1
AR X 725 Ak A A R 1A TR 1 G R0, A e RS0
A AT RAS T X6} e S AT (RASSALL R 5 ) ] LA 22 W6 (1)
RO BUAERTZIE B LAPR VD 2 A SRy S (b A
B R AT IR

PRD 37 72— A PN T 2% DR AR it s Jal 241K T
1R B H IR, FR IR s 5 ST 1k 2
KA S, RN K AERTZ TR B LUK
VP AT FE AR A , slopk i A OB A Ve VD O
L, TP I IO T iR A K PR R T e . R
VUK FE TS UTRRIE B DA IR VD i o 32 AR
5P R M B AR TG 6, BN B e 4 1 kAR
FH R dR S R R 80 07 25 o TT 1 2 T gt
AL SO oy N UG 1E S o QU I RN S U S RGN
GAVIOEZ S
32 ZAIMNFIREITFRGFIE

T VA e 7 2 ok YR DX AR XY v
TEO, HAR G2 e 7 TEAH DGt 19t TEAH DG T
TR L B AN K g 248 (R ask K Ui T i AR 5 08 8 K 2
L), RORAOG T T R T ARG 36 . Ly, 3T R LE R
TRITPEAR AR o JRAE KR IR L R 2 T i v AR T
FREEA B TR sh B BEAE A0 )i BN
Wi b3 2f [ 2 R LT B R BRI A K AR
1 A &R I Sl AR R R R TR LR, DT
55 M 07 AT 3 Y TR 28 (] 284 ) DR BALA7 ] 4 1) g
EAERCE BN, E R AR T Y 3l )RR
K Pz AT AL . DI BV, T AR B R 20
BEEARR, AT IR SR 58, K AR I T 0, i fig T B IR ik
TR 2 A0 1 = AR P S T DR B RS /N TR R T 538, 7K
PRI AL, Pz fe 1 g5 I = AT R A
A BN 7 TR T IS Ay Il 3 oK g 7K A
BT R HV D B T BRI Ue YD TR I IR

— BRI T3] 3t 4 S — /KR I S R Rl — e v
BE JIBEAR— VP UTRL (B 7) o UEHESE:

(1) yr4% =i 1 s X (&1 4) B, Wl
I R DR S YR, YT 3 ER U T AT ARCIR S
JFIRIE IR R AL 38 , B0 PR A& AE IR

(2) 045 = RN A K R A KA P B B
AR iR v AT K ASE G RR ) A5 2% A4, T
VLS 228 AR Je U ZE T & A DU ]
CUI (T2 20 08) - S BOBIE AR &, I ok A AR
IR VIR R & FBUK R R, T &
Wi s 2 EUF VSR W R AL TR T A AR R
SIS R, FE a2 Bl A AR K 4B Bl S ) |
TR 8l , V- TR G A A 1) 10 A% S — A DI A8 o i
i WA S S R,

(3) 45 = AN ARG R A W | Bl 2
RERLIEAT | S BRI 3t 0] IR PRI v T AR i Pt 4
FHeor, SR R ke 11 T AT A

AR CIBIER TN 2 D E i< b7l R AN = 2 28
N T R iD= R £ KR =) = WO L oy M AR I
FIAE RS, 2 R AR A K A F AL . S R b
RA R R SRR IRV AR S ) M SR R
DU AR 230 ) UURR AR B A A, D
Bl 1 H R T M S DU, DU A 3E N T3 )
JE AT M S, WA R e VA2 B ik B e o 3 i 29 3
T1o WV A ZIZIAEE N UTRR Y & e Ty 1)

33 AR E

it R Vb e R T D 300 (TR A A ) DN 3
I UK AN 5 M 2T ] VR A S A R 2 A [
T IR/ () G T A RN P e 22 M 1
LR EAE R AETR AN ERIES
AR BE T 45 = A Y J2 YT i 208 A ARYT 1 BT AR 5 |
S Hb T 8 R 45 SR A8 BT 45 = A U A R 2% RN
JRUCRR A, TORRAY 32 4K 2 1 it R 855 17 A 1) 2% 6 58



380 ot M

S

(1&516,8) o A M T Tt A 930 B4 432 Bl e IR b4
AR R ZHLE (181 7,8) 0 245 T R AL R I
A 252 [B] AR AR, HE 30 K AR ST R R 21 DURE Ik
A LR VD 380 Ry 2 B, sl St K TURR Y e
YDA TR ) St SR, s SR PR 3
ez BEIMTAS R P A 0 , 2 22 M & Bl U0 )
AT SC AR

R =AU A R A DR X, R T i U
BRSO ) 2 K AR B A EL A FAIL A T o 3l
JI AR, A B s it T TS A P &R il
PR RERE AR BY , JFA5 B Ry PR R (e

AR U8 V0 3 1725 1 S B TR S B 3k
(3 R
4 g

(1) it PR ELAFEAT K KA PN B 2K A 2l
(9 B2 IR A R T PR A7 R 5
U B SRR R KR RS R
R FAMRATHIRA T AREEAR AR F U 3 1 T 7K A TH
1o i B AN S BT Al X PR S, i AN 1 (48 )
L, MHEAETE (=48 ) S, s v A 25 LA DA B b
TEI o T SRR AR I A 2, A T A
AR AT GO PR PRV s DU A2

(2) FHIBRAE =N ATZDURUE ) LUR T
ARy E ARSI, SR I DTARAY e Vb 1 0 1R,
i B I S B K PR s T . Rk
UK TE BT 2R UTRIE L DL VD 8 S DA,

T W il T
KRRV KN UM A S E T

Fig.7 Sedimentary model of river-dominated delta

growth(vertical)

| > | | <« »|
| €

=] [ B [«

O WIOB EHCRRURE R
P8 i = A Ui AR K i AR K CF 1)

Fig.8 Sedimentary model of river-dominated delta growth(plane)

H5IE AR R TE O, © A BA 78 B kK AR
FH R Ak 2L R HERE R 30 1 2540 . BRI K FE T 2 00T
OB B AR VD28 A 3 ARS8 A R

(3) JAr4a = AR PNUTRR Y =A% = AN AR
AN AR R AR S ) DUR BB SR A
HAEHR R, = AN AEA S AR X AT DI dE
SR AT A St K AR T T R e U > BV E T A — U
VP UUBR—T R G B — 7K 8 = — T3 3 S — /KA
BRI BV R T AL YR VD TR . Mg ]
T AR T BT g A SR SR = AR
(Y EE L], T IR A R N UTRUR B 7 ) .

Bt AL BHEAR PR T P E G EHIEA
BRI By RER LG K& IR F, BT E
R T ERBETH S EFHERL, A—IF
FARB G B

22 3Lk (References)

(1] Fary, TREF, T4 55 KB GHI K = MR
2 AR SR bR A A = o [0 ] et U, 2007, 19
(2) : 28-34. [Wang Jiangong, Wang Tianqgi, Wei Pingsheng, et
al. Sedimentary mode of shallow lacustrine delta of large conti-
nental basin: An example from Putaohua Formation in northern
Songliao Basin[J]. Lithologic Reservoirs, 2017, 19(2): 28-34. |
[2] Donaldsona A C. Pennsylvanian sedimentation of central sppsls-
vhians[J]. The Geological Society of America, 1974, 148(S):
47-48.
[3] Garcia-Garcia F, Corbi H, Soria J M, et al. Architecture analy-
sis of a river flood-dominated delta during an overall sea-level
rise (early Pliocene, SE Spain) [J]. Sedimentary Geology,
2011, 237(1/2): 102-113.
FHTHE, LR A A O TURRERSE P oK = ATk
AR R W5 [T]. TURR 24412, 2014, 32(2) : 260-269. [Zhang

Xintao, Zhou Xinhuai, Li Jianping, et al. Unconfined flow de-

[4]

posits in front sandbodies of shallow water deltaic distributary sys-



%

23]

FEALARAE - 45 = A A Sl AU X

381

(6]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tems[J]. Acta Sedimentologica Sinica, 2014, 32(2): 260-269. |
Lee K, McMechan G A, Gani M R, et al. 3-D architecture and
sequence stratigraphic evolution of a forced regressive top-truncat-
ed mixed-influenced delta, Cretaceous wall creek sandstone, Wy-
oming, U. S. A[J]. Journal of Sedimentary Research, 2007, 77
(4):303-323.
KA, BT T, X A 58, 4 RS 4 T80 3 A R ) = A 9
DUBVRRAE A LSRR 23 G B 2R st X S 21 5 [T ). 3t
2114, 2013,20(2) : 19-28. [Zhu Xiaomin, Deng Xiugin, Liu
Ziliang, et al. Sedimentary characteristics and model of shallow
braided delta in large-scale lacustrine: An example from Triassic
Yanchang Formation in Ordos Basin [J]. Earth Science Fron-
tiers, 2013, 20(2): 19-28. ]
Fisk H N. Bar-finger sands of Mississippi delta[ M ]//Peterson J
A, Osmond J C. Geometry of sandstone bodies. Oklahoma:
AAPG, 1961: 29-52.
Postma G. An analysis of the variation in delta architecture [J].
Terra Nova, 1990, 2(2): 124-130.
TREGEE . TS ML 2 B JEat A KR K L R
#1,1998: 1-190. [ Zhang Ruijin. River sediment dynamics[M .
2nd ed. Beijing: China Water & Power Press, 1998: 1-190. ]
BT, TR E L R iEsh i IM]L dest B R, 2003
85-599. [Qian Ning, Wan Zhaohui. Mechanics of sediment
movement[ M ]. Beijing: Science Press, 2003: 85-599. ]
Bates C C. Rational theory of delta formation[J]. AAPG Bulle-
tin, 1953, 37(9): 2119-2162.
BT, EATSE WA . WA AN ECEELLT ). AR
5 % , 1982 (2) : 59-72. [Huang Xiuzhen, Wang Hengjian,
Tan Qiwei. Mathematical model of a lake delta[J]. Petroleum
Exploration and Development, 1982(2): 59-72. ]
JBGE A L BB ST M . = AR DT R A BB AL B R L.
A=A, 1993, 14(2) : 1-11. [Gu Xiaozhong, Ma Ligiao. Nu-
merical simulation of a delta depositional system and it's applica-
tions[J]. Acta Petrolei Sinica, 1993, 14(2): 1-11. |
ERM, asE . PUBREREE AT IM ], JEaT: £ Tl
4t , 1996 145-175. [ Wang Liangchen, Zhang Jinliang. Sedi-
mentary environment and sedimentary facies| M ]. Beijing: Pe-
troleum Industry Press, 1996: 145-175. ]
ARt DIV A2 IMLL 4R dEat fil Tl gt , 2008
291-293. [Zhu Xiaomin. Sedimentary petrology [M]. 4th ed.
Beijing: Petroleum Industry Press, 2008: 291-293. |
R L SRR B FEA Ko H IM . BT A R L 1995
74-211. [Ping Jun. Jet theory and application [M]. Beijing:
China Astronautic Publishing House, 1995: 74-211. ]
AW FSBR M. LAt SR AL, 19931 1-161.
['Yu Changzhao. Turbulent jet[M]. Beijing: Higher Education
Press, 1993: 1-161. |
BRI, e AR . R e ML deat NRASE
fZ 4t , 1980: 1-443. [ Xue Hongchao, Gu Jialong, Ren Rushu.

Coast dynamics [M]. Beijing: China Communications Press,

[20]

[21]

[22]

[24]

[27]

(28]

[29]

1980 1-443. |

AT RTPE, LB MR B S 2E (ML JE IR AR
11, 1993: 308-482. [ Zhao Jinsheng, Zhao Zidan, Yuan Ying.
Coast estuarine dynamics [M]. Beijing: China Ocean Press,
1993 : 308-482. |

BRI BT, SRR TE . IR Sl IR T SIS S s aR ik
(). /KBl , 2012,23(3) : 438-444. [ Xu Zhenshan, Chen
Yongping, Zhang Changkuan. Review of hydrodynamics of jet
flow in coastal waters[J]. Advances in Water Science, 2012, 23
(3): 438-444. |

MR . RGP ) o2 i M. db s w0 o
At , 1993:293-357. [ Chen Maozhang. Foundation of viscous
fluid dynamics [M]. Beijing: Higher Education Press, 1993:
293-357. ]

T R RRE  GERAE . RGP )2 M. e etz i
KK 2 1AL, 2005 103-145. [ Yan Chao, Qian Yiji, Lian
Qixiang. Viscous fluid mechanics [M].
University Press, 2005: 103-145. ]
QESCRE, M. M R (M. dEt R & Tl L,
2006: 1-209. [ Liang Wendong, Xiao Shijun. Basis of transmis-

Beijing: Beihang

sion phenomenon [M]. Beijing: Metallurgical Industry Press,
2006: 1-209. ]

Welty J R, Wicks C E, Wilson R E, et al. Fundamentals of mo-
mentum, heat, and mass transfer[ M ]. 4th ed. New York: John
Wiley & Sons, Inc. , 2008: 1-545.
TR, ZE I, e se v, %5 . ARG W) 4 OB R B AR AU B9
N I1E ST (C L E W W) a A MR 722 250 17 R S R4
SRSCHHELE . BN - A ek A 2, 2019 598-
599. [Qi Yalin, Chu Meijuan, Cheng Dangxing, et al. Dynam-
ic analysis of physical simulation of sedimentary process in in-
land lake basin [ C ]/Proceedings of the 17th annual meeting of
mineral and rock geochemistry society of China. Hangzhou:
Chinese Society for Mineralogy, Petrology and Geochemistry,
2019: 598-599. ]

FEERR XS FH AR, A5 P = R XK Sl
FEAE BB L], kil <, 2015,27(3) :49-55. [Qi Ya-
lin, Liu Xianyang, Yang Shiyu, et al. Hydrodynamic character-
istics and geological significance of estuaries of inland lake delta
[J]. Lithologic Reservoirs, 2015, 27(3): 49-55. ]

TR XL A, A5 . = AN AU IE K S A
RO BRI ). Hi2FRT2E, 2000, 7(3) : 168-176. [ Zhang Chun-
sheng, Liu Zhongbao, Shi Dong, et al. Physical simulation of
formation process in distributary channels and debouch bars in
deltalJ]. Earth Science Frontiers, 2000, 7(3): 168-176. |
Ak SR E R YRS SR K = A DU S DU
L], HFRMEE R ,2013,32(3) : 59-65. [Zhu Yongjin, Zhang
Changmin, Yin Taiju. Characteristics of superimposed shallow-
lacustrine delta and its experimental simulation [J]. Geological
Science and Technology Information, 2013, 32(3): 59-65. |
XK BRNIE XS AL A BT = A N MR i R i



382 o % iR 398

(V). K Fh2 ki, 2015, 26 (3) = 378-387. [Liu Fei, Zhang [32] SFupmk, B, 402,55 WIbEh 2B or s Bk ik

Xiaofeng, Deng Anjun. Formation and development process of JR R TR 2 LT ] Mk B 24 vE , 2018, 8(1) : 92-98. [Qi
inland river delta deposition [J]. Advances in Water Science, Yalin, Zhao Yande, Li Yuanhao, et al. Sedimentology signifi-
2015, 26(3): 378-387. | cance from sediment dynamics of research method, technology,
[30] EpdE, FrRE BRIk sl B EA LAY 4% = ff progress[ J]. Advances in Geosciences, 2018, 8(1): 92-98. ]
Oy SCGEEALWESE [T ], SR, 2016, 35 (1) 1 44-52. [33] fSi&A=, Sis )y . WiRsh g (M dbat: st i
[Wang Yangjun, Yin Taiju, Deng Zhihao, et al. Terminal dis- #1, 1998 320-347. [Ni Jinren, Ma Ainai. River dynamic geo-
tributary channels in fluvial-dominated delta systems from nu- morphology [M]. Beijing: Peking University Press, 1998:
merical simulation of hydrodynamics [J]. Geological Science 320-347. ]
and Technology Information, 2016, 35(1): 44-52. ] [(34] FAEN A IRIEER, 55 . AWK = A IE pliad R 5 545
[31] 8l TVREE RWETF . WIF- T R YK = U 52 M fr AR LB [I]. KA 2E 40, 2018, 49 (5) - 549-560. [ Bai Yuchuan,
BUEARLC R[], HuBkBlF,2017,42(11):2095-2104. [ Zeng Hu Xiao, Xu Haijue, et al. Experimental analysis of the forma-
Can, Yin Taiju, Song Yakai. Experimental on numerical simula- tion process of lacustrine shallow-water delta[J]. Journal of Hy-
tion of the impact of lake level plane fluctuation on shallow wa- draulic Engineering, 2018, 49(5): 549-560. |

ter deltal J]. Earth Science, 2017, 42(11): 2095-2104. |

Dynamic and Sedimentary Models of River-dominated Delta Growth
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Abstract: Analysis of the hydrodynamic characteristics of estuaries, and examination of the bedload transport and
deposition processes of a sediment-carrying river in a delta front controlled by the estuary, are the premises of this
study of the growth patterns of river-dominated deltas. Turbulence theory is applied from the perspective of microscop-
ic dynamic processes to analyze the interaction mechanism and movement process of a river flowing into a lake. In this
process, the river flows into the lake by inertia and without the constraints of a riverbed. Combining physical flume
modeling and numerical simulation carried out for the growth process of a river-controlled delta with reference to the
theory of fluvial sediment dynamics, the dynamic and sedimentary models of river-delta growth are established in
terms of fluid dynamics and river sediment dynamics. The results show that the characteristics of turbulence deter-
mine the strong inertial mass, momentum and kinetic energy transfer between the two water bodies. The process of riv-
er water entering the lake is neither a circular (an axial), nor a plane (two-dimensional) jet, but a rectangular (three
-dimensional) jet. The flow velocity in the lake is rapidly negative-exponentially attenuated. The estuary marks the ter-
mination of the sediment-carrying river, and the delta front under its control is its bedload terminal point. The growth
process of delta plain sedimentary bodies consists of the delta plain power and the sedimentary and geomorphological
interaction processes. The dynamic and sedimentary patterns may be summarized as: end of river-water flow; velocity
attenuation along with reduction in carrying capacity and sediment deposition ; river plate drive up to a bank run; riv-
er-tributary flow velocity with lower sedimentation; and distributary channel sandbodies. These produce the skeleton
of sandbodies in a delta plain region. Frequent oscillation determined by river topography is also an important mecha-
nism for the growth of delta plain sedimentary bodies. The main body of river-dominated delta deposition is deter-
mined by the plain environment, not the front environment.

Key words: turbulence; momentum jet; sedimentation process; dynamic and sedimentary patterns; river -

dominated delta



