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Hydraulic analysis of a novel free-flow tunnel cross-section with heteromorphic ellipse//WU Zhouhu', WANG Yu',
ZHU Shuaiju'* (1. School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao
266033, China; 2. Henan Urban and Rural Planning and Design Institute Co. , Lid. , Zhengzhou 450044, China)
Abstract: To define the inner outline of a tunnel cross-section, a novel Wu’ s two-parametric curve ( heteromorphic
ellipse) was proposed in this study, based on the iso-concentration curve equation of a conservative substance under the
condition of steady point source from river center. The heteromorphic ellipse is a completely continuous and derivative-
smooth curve, represented by the maximum height (H) and the maximum width (W) of the tunnel cross-section. Taking
the compressibility factor 6 = W/H as the criterion, the shape classification of H-type, Standard-type and W-type for the
heteromorphic ellipse were given. The cross section, the theoretical calculation formula of water surface width, flow area,
wetted perimeter, hydraulic radius and other hydraulic elements were deduced for the free-flow tunnel. The theoretical
calculation formulas and curves for the velocity and the flow rates were found to be applicable to different specifications of
the cross-section size, compressibility, roughness and gradient. Case studies show that the characteristic values of hydraulic
elements have a high degree of anastomosis for the equivalent heteromorphic ellipse and the II -type horseshoe (with
chamfer) cross-section in a free-flow tunnel. Therefore, the proposed heteromorphic ellipse cross-section can be a novel
application in water-conveyance tunnels with great academic research value.

Key words: hydraulic tunnel; two-parameter curve; heteromorphic ellipse; cross-section standard equation; geometric

characteristics ; hydraulic elements; calculation of non-pressure uniform flow
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IR 6.95 0.707 4.91 30. 42 14. 85 2.05 2.30 20. 84 2.04
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AR IR 8 Lk 2 =H/e=2.56 m 4b i 5 K 4
RN B R LR B
R ) AR EH Q H 0.0 i, 2K a,
RIS AR S T2 0 158 G e ok 3] W 1 ) 7K O b, O,
IHEE R E Q,, hat(22) /53,

0, Z%Alle“ﬁ (25)
RA AR R, 28R T 15 2]
0, = %:Uq 5/3 /3 T{mﬁ (26)

PR AR OB, 155 0=1 W 254k ST [ 6 I
Pk 3] T TRV A R A A Q5 =79. 16 m /s,

HOR, B3R (24) 15 BAH B B BETT = HE g =
0. 884, - [ 7 A A3 AH R A FE T B g = 0. 707, WA
LA S TR IR TG R RER W TR AR . (7K IR N hg=4. 91 m,,

B e, MUK S5 530 5 W 6 5 T e Bk 1) DB 1 1)
b K BTN R JE K AR s T AR A
s BAREE AR 2,

H128 2 AT LU Y S5 2505 T A0 18 G 1 ik ] G 1
43k 3 AE 7 BEAS T AL (K T RE TR ISR ) 2 e
EERCR IR IR S B A5 MR A S B 1T
R CHERI AR ) JC R B 31 DT T A0 7K 0 22 R R AE A Al
B2l AT PSS N T 8. 5% , K 1B R A,
FEIEAE A B KA R 22 40 LB 2. 8%

5 4 g

a. FEFTUE O AR E SR SR T RS T A
WL T e, 8 LT —F B A Wu’ s S50
LR—— SRR, LA R IR 0BT TAT PN 0 86 2 1 o s
H AR W S50, 4 1 T SEIEA IR B Ar i
JrEE, PR, AR 0 S A (5 R I 0 T A vl —
NSRRI SRR S 5 RO N

b. ARSI W I A 5 b (R 48 R B 0= W/H =
1) AFE, 25 0 T H B FRAERUED WAL S IR 8] 1Y
TEARAT IS HE T T S A6 [58] IC 3 Bk 1) DB T ) 7K T
SLIE LK Wi T AR R K AR K BRI
HIETHAA R kR G — i S i B, oAk
FH Y IX R34 | Wi R 8 3% 2 76 | 76 0 He Bk ) W7
T BT LA

. M J0 R R I W TR v s AR L R R T 15%
PR RIL A S, b o 25 S TR A [ %) 9 2 EL K T TR O W i
(AR A, RPFEAR RIS 450 T An i RS A 15 HL
[5R] JE2 W T ed 37  K,  FA s m EE R A
FF B i A i e A

d. 255 B ST A (R R T A A O T A
T FL A i Ee T A R & E & T

AN [RL RIS B4 TR R T | e 4 28 R R R A L T
] BUREE D7 RESC T, Sz if K iR At TR
R

e. LB HTRI], SERLT LA B 5 ) BT 1128
PRI ) JC S B T DRI TR 19 7K ) B R A A o 4
AT BT RS = BN T 8. 5% . NI, B AR
W A S — e T 2R A i K o T B S X A B
ARBFFEFIRFHEL
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