
NOTATION 
NUMERICAL SUBSCRIPT DENOTES POSITION 
A AREA OF FLOW, SQUARE FEET ( ft*) 
b WIDTH’ OF RECTANGULAR CHANNEL, FEET 
D DIAMETER OF. CONDUIT, FEET 
d DEPTH OF FLOW, FEET 
Ay CHANGE IN WATER SURFACE ELEVATl,ON , FEET (PLUS WHEN INCREASING 

UPSTREAM ; MINUS WHEN DECREASING UPSTREAM 1 
F NET FORCE ACTING AT JUNCTION = XP 

B ACCELERATION OF GRAVITY ( 32.2 FEET PER SECOND PER SECOND) 

H ENERGY HEAD - d + g 

8 THE ANGLE OF CONVERGENCE BETWEEN THE % OF THE MAIN LINE 
AND THE ‘& OF THE LATERAL 

L LENGTH OF JUNCTION, FEET 

M MOMENTUM OF A MOVING MASS OF WATER y 
( > 

n MANNING’S ROUGHNESS COEFFICIENT 
P HYDROSTATIC PRESSURE 

Pf FRICTION LOSS 

Pi LONGITUDINAL COMPONENT OF INVERT PRESSURE 

Pw LONGITUDINAL COMPONENT OF WALL PRESSURE 
Q QUANTITY OF FLOW, CUBIC FEET PER SECOND (cfs) 

R HYDRAULIC RADIUS - & . . 

S SLOPE, FEET PER FOOT 
SUBSCRIPT “c” DENOTES CRITICAL FLOW 
SUBSCRIPT ” f ” DENOTES FRICTION 
SUBSCRIPT ” i” DENOTES INVERT 
SUBSCRIPT “n” DENOTES NORMAL FLOW AT SLOPE OF INVERT 
SUBSCRIPT “s” DENOTES SEQUENT OR CONJUGATE DEPTH 
SUBSCRIPT “w” DENOTES WALL 

B 
T 
V 
W.S. 

w.p. 

Y 

3 

SUMMATION OF 
WIDTH OF WATER SURFACE IN CIRCULAR CONDUIT, FEET 
VELOCITY, FEET PER SECOND (fps) 
WATER SURFACE 
WETTED PERIMETER, FEET 
DISTANCE FROM WATER SURFACE TO CENTER OF GRAVITY, FEET 
CHANGE IN MAIN LINE INVERT ELEVATION ACROSS TkiE JUNCTION,.FEET 
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fjASlS OF ANALYSIS; 

THE NET HYDROSTATIC PRESSURE ACTING AT THE JUNCTION EOUALS THE CHANGE IN MOMENTUM 
THROUGH THE JUNCTION PLUS FRICTION. 

GENERAL FORMULA WITH FRICTION INCLUDED (UNIT WEIGHT OF WATER OMITTED 2;, 

(II Pz+M, = P,+M,+M&OSe+P,+P~-Pf 

Mo-M, -M&OS8+P, = P,+P,+P;-P, 
NET HYDROSTATIC‘PRESSURE = ZP = P,+ P, + Pi - Pa = F 

(2) Ay ‘I AVERAGE AREA = P, + P, + PI - P2 

AVERAGE ,+REA = . A’ + 4Am + AL OR FOR PRACTICAL USE, - 
A,+A2 

6 

(3) Ay(p+) = ‘;,-M,-M,COS@+P, = 02v2-Q~v,;03v3cos~+,(~~)(~~) 

OMITTING FRICTION; 

EQUATION, (3) !S, +tiOWN AS : 
t41 Ay( A, ;A;)’ ; @V2 - O,“, ; 03V3COS8 

(5) 

TYPICAL JUNCTION : 

NOTE: 
F THE EXPANSION IS LONGER THAN DIMENSION L, 
i.e., EXTENDS UPSTREAM AND DOWNSTREAM 
FROM SECTIONS 0 AND @ , ACTUAL WIDTHS OR 
DIAMETERS SHALL BE USED AT SECTIONS 0 AND 

0 2 IN CALCULATING THE WATER SURFACE PROFILE. 
WlTH THE ABOVE CONDITION IT WILL BE NECESSARY 
TO CALCULATE THE CHANGES IN THE WATER SUR- 
FACE BETWEEN SECTION 0 AND THE UPSTREAM END 
OF THE EXPANSION AND BETWEEN THE DOWN- 
STREAM END OF THE EXPANSION AND SECTION 0. 
THESE CALCULATIONS ARE ILLUSTRATED IN CASE F., 
HEREIN. FRlCTlON AND TRANSITION LOSSES CAN 
BE tGt4ORED. 

WATER SURFACE ELEVATIONS AT SECTIONS 0 AND @ ARE IDENTKAL. 

Hydraulic Analysis of Junctions 
Open Channel Flow 

Figure 2606 



DERIVATION OF EQUATION (4) 
CIRCULAR CONDUIT WITH EXPANSION, FRICTION IGNORED 

PROFILE 

WADED AREA = A,, 

P,+ P, - P, = 
Q,V, - Q,V, - Q,V,COSB 

Q 
P, = A,% Pw = AJ, 
P, = w2 pi = 0 

A, = 
A2+(‘+)(by)-A, 

J MOMENTS ABOUT x-x 

pw = A,& = [ A,(Y, - AY) - A,Y, +q($ + T2)] -q [A, + (v) Ay - A,] 

MULTIPLYING OUT AND COLLECTING TERMS 

P, = A&-A,Y,+$(A,+A2)+#T2-T,)] 

F = P, + P, - P, = A,& + A,7, - AJ, + Ay (v)+Ay’lw-A2ji2 

Fomulos Dorivcd By: 
DONALD THOMPSON Sept. 7,195s 

’ F . . = Ay x AVERAGE AREA = Z MOMENTUMS AND Ayx AVERAGE AREA = 02” - ‘Iv’; Q3v3cose (4) 
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DERIVATION OF EQUATION (4) 
RECTANGULAR CHANNEL WITH EXPANSION, FRKTION IGNORED 

PRCFltE 

P,‘Pw +P1-P* = 
Q,V, - Q,V, - Q,V,COSB 

Q 

P, = 

P, = 

P, = 

P* = 

F - 

Ay = 

AY x 

F. = 

(q+d,de+d;)(b,-b, = bpd: + b,d,dz + b,dE - bid: - bidId* - bidi 

(2b,d, + b,d; + bzd, + 2b,d,)t 
6 

6 

v 

3b,d: + b,d: + b2d,d2 + b,d; - b,d: - b,d,d, - b,d; ,+ (2b,d, + b,d, + b,d, + 2b,d,)t 3b,d’, 
6 6 6 6 

d, - d, + t AND AVERAGE AREA = 
2b,d, + b,d, + b,d, + 2b,d, 

6 

AVERAGE AREA = 
2b,d: - b,d,d, + b,d: + b,d,dz - b,d; - 2b,d; + 2b,d, + b,d, + t+d, .+ 2bzd,)t 

6 6 
P)+P,+Pi-P, 

BY INSPECTION Ay x AVERAGE’ AREA = F = Z MOMENTUMS 

Ay AVERAGE AREA = 
o,v, -,Q,v, - o,v,cose 

9 [EQUATION (4) ] 

EQUATIONS (31, (4) AND (5) ARE VALID FOR ALL TYPES OF PRISMATOIDAL AND CIRCULARCHANNELS. 

Formulox Derlvrd By: 
DON&0 THCiMP!XM March, 1955 
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PART FULL FLOW IN PIPES AND FLOW IN OPEN CHANNELS, WITH EXPANS;lON, FRICTION IGNORED 
THROUGH THE XINCTION EXCEPT AS NOTED.. 

FORMULA; 

Ay (‘+) = 
Q&l* - qv, - Q&COS8 

= 

Ay = 344-4 

CONTROI POINTS; 

I. SlJBCRlTlCAL FLOW 

d -2 = d2” 

2. SUPERCRITICAL FLOW 

WHEN M2, ’ 4, + M&OS0 + Ay (n+A ) ,v , A HYDRAULIC JUMP WILL FORM 

UPSTREAM OF THE JUNCTION AND 

d?: = dzc 

WHEN Mzc < M,, + M&OS8 + Ay (,%+) 

dl = dh 

IN ALL CASES, COMF’UTATIONS SHALL BE MADE TO DETERMINE THE UPSTREAM AND/OR 
DOWNSTREAM WATER SURFACE PROFILE THROUGH REACHES OF NON-L’VFORM FLOW. 
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I. CIRCULAR CONDUITS, WITH EXPANSION 
I. SUBCRITICAL FLOW 

CASE A. 

z = 0.50’ , d, = d,, ; DETERMINE 

CASE 8. 

dl = d,, , d, = d,, , DETERMINE 

2. SUPERCRITICAL FLOW 

4 

t 

CASE C. 
z = 0.50’ ) M, ’ M,, + M&OS8 + Ay ( !+) 

d2 = d,, ; 

CASE D. 

dl = d,, , d, = d,, ; 

CASE E. 

dl = dill 9 .z = 0.38’ 

DETERMINE d, 5 D, SHOULD NOT BE > 0.82 
> 

DETERMINE Z FOR NO CONTROL POINT AT SECTION @ 

M,, < M,, + M&OS6 + Ay pp) . 

; M,, < M,,, + M&OS0 + Ay (!+) 

NO CONTROL POINT AT SECTION @ 
DETERMINE d, 

II. RECTANGULAR CHANNELS, WITH EXPANSION 
I. SUBCRITICAL FLOW 

CASE F. 

d, = d4” , d, = d,, ; DETERMINE if 
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I. CIRCULAR CONDUITS, WITH EXPANSION 
I. SUBCRITICAL FLOW 

CASE A. FRICTION IGNORED 

PLAN PROFILE 

GIVEN; 

Ql = 60 cfs Q, = 75 cfs Q3 = 15 cfs 

Dl = 4.0’ 02 = 4.25’ D3 = 2.25’ 

sli = 0.0044 S 2i = 0.0030 S 3i = 6.0036 

dlc = 2.34’ d,, = 2.58’ d,, = 1.35’ 

din = 2.42’ d,, = 3.08’ d,, = I .63’ 

Al” = 7.92 1t2 A,, = II .oo 1t2 A,* = 3.06 ft2 

VI, = 7.58 fps V2” = 6.82 fps V 3n = 4.89 fps 

8 = 30°, n = 0.014 AND L = 4.33’ 

PETERMINE d,: d, = 3.08’ AND t = 0.50’ 

FORMULA: IZP = ZM (z+d,-d,)( 9) = $!?&-k?? 

( o.50 + d, _ 3.08 ) ( Al + :‘*O”) = 2 602 
ll.OO:532.2~ - AJ32.2) - 3.06(32.2) 

152(0.8661 

(d,-2.58)($+5.50) = 13.92-F 

SOLUTION: 

d -i 
D A 

I 
!! I zp CM 

0.675 2.7 9.03 1.20 1.52 
0.725 2.9 9.76 3.32 2.44 
0.775 3.1 10.45 5.59 3.20 

4 
PLOT d, VERSUS ZP AND EM 

dl = 2.76’ 0 I 2 3 4 5 6 

Ay = Z + d, - d, = 0.5 + 2.76 - 3.08 = 0.18’ TP 0 XM 
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I. CIRCULAR CONDUITS, WITH EXPANSION 
1. SUBCRITICAL FLOW 

CASE B. FRICTION INCLUDED 

GIVEN: 
. 

Ql = 3.98 cfs Q2 = 5.41 cfs 

Dl = 1.5’ D2 = 2.01 

sIi = 0.0020 S 2i = 0.0008 

8 = 0..75 Q = 0.75 

n = 0.014 n = 0.014 

dk = 0.76’ d,, = 0.82’ 

dh = I .Ib’ d,, = I .50’ 

Alll = I .42 ft* A 2n = 2.53 ft* 

“In = 2.78 fps V 2n = 2.14 fps 

8 = 30° AND L = 2.07’ 

PETERMINE Z!: d,, = 1.13’ AND d,, = 1.50’ 

FORMULA: CP = PM+P, 

(t+d,-$1(v) 

SOLUTION: 

(Z + I.13 - 1.50)(~+=) 

if 
AY 

03 = 1.43 cfs 

D3 = 1.25’ 

S3i = 0.0028 

6 = 0.49 

n = 0.015 
d,, = 0.47’ 

dSn = 0.61’ 

A,, = 0.60 ft* 

“a= 2.38 fps 

, 

Q& _ 8 _ Q~3~e + L(sli ;sa)(AIn ; “in) 

ii-7 757 _ m;;; _ 2.0 0.866 + 2.07 (.002 ;.0008)( I.42 ~2.53) 

0.333’ 
Z++-d2 = 0.333 +I.13 -1.50 = -0.037 
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I. CIRCULAR CONDUITS, WITH EXPANSION 
2. SUPERCRITICAL FLOW 

CASE C. FRICTION IGNORED 

Q, = 200cfs - 

5.5’ DIA. PIPE - 

GIVEN: 

Ql = 200 cfs 

Dl = 5.5’ 

S,i = 0.0064 

d In = 3.73’ 
d = 
A::, = 

3.9.6; 
17.15 ft2 

v,, 5 I I .67 fps 

Q2 = 250 cfs 

D,, = 6.0’ 

s2i = 0.0058 

d2n = 4.19’ 

d2c = 4.33’ 

*2n = 2 1.07 ft2 

*2c = 21.86 ft2 

v2c = ll.44fps 

Q5 = 50 cfs 

D3 = 2.75’ 
d 
$ 

8 0.66 
3 

d, = I .82’ 

d3c = 2.33’ 

A3 = 4.16 ft2 

V, = 12.00 fps 

8 = 30°, n. = 0.014, L = 5.07’ 

SOLUTION ON FOLLOWING PAGE. 

Hydraulic Analysis of Junctions 
Open Channel Flow 

Figure 2601 



POINT OF CONTROL; CASE C - CONTINUED 

IF M,, IS GREATER THAN M, + M, + (Z + d,, - d2c)(A’n iAzc), A POINT OF CONTROL WILL EXIST AT 

STATION 19 + 94.93 (SECTION 0) ,‘d, = d,, , AND A HYDRAULIC JUMP WILL OCCUR UPSTREAM FROM 

SECTION 0 

3’2 .250 1.86 X X 250 32.2 = 88.9 

s+F+(,+d,- 

(0.5 + 3.73 - 4.33)(-v) = 72.43 + 16.16 t 5 (-1.95) 86.64 

88.90 7 86.64 ,* A JUMP WILL FORM UPSTREAM FRbM SECTION 0 

PETERMINE d,: d, = ,d,, 

FORMULA; ZP = 2M 

(0.50 + d, - 4.33,(v) = 88.90 - $j$$ - 16.16 
. 

(d,-3.83)(&10.93) = 72.74-y 

!jjOLUTION: 

$ 4 -! A 2 m 

0.773 4.25 19.7 8.71 9.64 

0.8 I’8 4.50 20.8 14.3 12.98 
0.863 4.75 21.8 20.1 15.72 

PLOT d, VERSUS ZP AND ZM d, = 4.36’ 4 

%; gg = 0.795 I2 ZP 14 8. 16 IM I6 20 22 

Ay = Z + d, - d,, = 0.5 + 4.36 - 4.33 = 0.53’ 

DETERMINE SEQUENT DEPTH (d,,) AT HYDRAULIC JUMP: 

FORMULA : P,, + 4, = PI + M, 

SOLVE BY TRIAL AND ERROR 
TRY d,, = .4.20’ 

17.15 X 1.64 l 20;;;*67 = 
l 

100.61 = 19.48 X l.89+ 200&l;.27 
. 

l ’ 4, = 4.20’ 
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CASE C - CONTINUED 

WATER SURFACE PROFILES 

UPSTREAM AND DOWNSTREAM FROM JUNCTION 

FIGURES UNDERLINED IN TABLE ARE GIVEN. 
V SHOULD VARY BY NOT MORE THAN 5%. 

STATK)FJ E-$y d W.S. 8 A V R Rf 2 f “:g “I H A,., 

nR F 0 & d*h, Av. Sf 

BLICKWATER ClRVE FROM STATION 20 l 0O.Q 055.5’ ~=2OOcfs . n=O 014 S;=0.0064 
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1. CIRCULAR CONDUITS, WITH EXPANSION 
2. SUPERCRITICAL FLbW 

CASE 0. FRICTION INCLUDED 

I-’ =5-07’-i 
I A I 

. 

PROFILE 

GIVEN: 

CONDITIONS ARE IDENTICAL TO THOSE IN CASE C. EXCEPT THAT THE INVERT DROP Z 
IS UNDETERMINED. 

PETERMINE t ; 

d2 = d, = 4.19’ d, = 4, = 3.73’ 

FORMULA ; 

M 2n = M,, + M&OS8 + (Z + d,, - d2,)(‘ln ;‘Zn)_L(v)(!!) 

SOLUTION: 

2502 
21.07 (32.2 1 = 

,7*:5qg;.2) + g$gg+ (Z + 3.73-4.19)( ?V) - 

5.07 (0.0064 ; 0.0058)( 21.07; 17.15) 

92.12 = 72.43 + 16.16 + (Z - 0.46)(17’15 ;“*07) - 5.07(0.0061)(19.11) 

z = 0.68’ 

Ay = it + d,, ‘- d,, = 0.68 + 3.73 - 4.19 = 0.22’ 
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I. CIRCULAR CONDUITS, WITH EXPANSION 
2. SUPERCRITICAL FLOW 

CASE E. FRICTION IGNORED 

0, = 35.2 cfs Q2 = 45.7 cfs 

Dl = 2.25’ D2 = 2.75’ 

sli = 0.0180 S2i = 0.0104 

d,, = 1.69’ d,, = 2.06’ 

A In = 3.20 fi2 A 2n = 4.78 ft2 

d2c = 2.20’ 

A,, = 5.09 ft2 

B = 45’) n = 0.014 AND L = 1.87’ 

DETERMINE POINT OF CONTROL: 

0, = 10.5 CfS 

D, = 1.50’ 
S,i = 0.0140 

dSn = 1.13’ 

A3n * I .42 ft’ 

IF ‘M,, IS SMALLER THAN M,, + M&OS8 + (Z + d,, - d2E) pq-9 A POINT OF CONTROL MILL NOT EXIST 

AT SECTION @ AND d, = d,,. 

_!z 
A24 + I 9 

= 12.7 

dPc)( v) = w + w + (0.38 + 1.69 -2.20)(3 PO i5*09) = 13.2 

12.7 < 13.2 0’. NO POINT OF CONTROL AT SECTION m 

DETERMINE d,: d, = d,, 

FORMULA: ZP = ZM 

(Z + d,, - d, ) (w) = 

(0.38 + 1.69 - d,)(l.60 + 2) = 

(2.07 - dz)( 1.60 + 2) = 

SOLUTION: 

d, 
$ 7 h 

45.7* 
Am - 3.230:.&n - 1.42(3i.2) 

0.52(0707J 

64. 
-n9 - 13.73 

2 

A2 XP - 

0.672 1.85 4.25 0.8 

0.709 1.95 4.50 0.5 
; 

0.745 2.05 4.75 0.1 -0:r ZP 8 TM 

PLOT d, VERSUS = AND %I d, = 2.00’ Ay = E + d, - d, E 0.38 + 1.69 - 2.00 t 0.07’ 
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H. 
I 

RECTANGULAR CHANNEL, WITH EXPANSION 
SUBCRITICAL FLOW 

l CASE F. FRICTION IGNORED 

MAIN LINE PROFILE t=0.38’J \E,,. 97.01 h,,. 96.63 \ El. = 96.62. 
__.. -.. _ _.. -- - 

CIRCULAR TRANSITION ; 1 zRECTANGULAR - ’ 1 TRANSITION 

- . SECTION 
_, ; 

SECTION SECTION SECTION 
CBcc”T:o”N”- 9 

1 
I 

PLAN 

E.G. = 100.25 

E.G. = 100.24, -h,, 

=t. 
/E.G. = 109.34 

‘___--_-_-- 

LATERAL PROFILE 
___-_----- 

(CONTINUED ON FOLLOWING PAGE 1 
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CASE F. CONTINUED 

GIVEN: 

QI = 50cfs 

04 = 4.0’ 

S 4i = 0.0017 

d4c = 24.12’ 

bl = 4.0’ 

Transition length = 4.0’ 

d4” = 3.00’ 

A 4n = IO. loft2 

v4n = 4.94fps 

h v4 = 0.38’ 

Q2 = 60cfs 

05 = 4.5’ 

s5i = 0.0013 

d5, = 2.25’ 

b2 = 4.50’ 

Transition length = 4.50’ 

d . Sn = 3.38’ 

A5n = I .28ft2 

V 5n = 4.69fps 

h5 = 0.34! 

Q3 = IOcfs 

‘6 = 2.25’ 

S 6i = 0.0015 

d6c = I .09’ 

b3 = 2.25’ 

Transition length = 2.50' 
d, = I .67’ 

A6n = 3. 17ft2 

V 6n = 3.16fps 

h v6 = 0.16’ 

8 : 40° , n = 0.014 AND L = 3.22’ 
TRANSITION LOSSES ARE NEGLlGl8LE (LESS THAN 0.01’) 

FORMULA; 

H, : 

DETERMINE d,_,_d2 ,AND d, 

H4 = 3.00 + 0.38 = 3.38’ H, = 

Try d, = 3.13’ Try d, = 

Al = 12.5fP A2 = 

v, = 4.00fps v, = 

h VI = 0.25’ h = 

HI = 3.13 + 0.25 = ‘3.38’ H; = 

DETERMINE Z: d, = 3.13’. , d, = 3.49’ 

Hi = H, 
V2 
-29 

V: V2 
8 

V’ 
=d4n+ g=d,+2ij ,dSn+ g =d,+- g =H,=H, 9 

H V23 
6n = d,, + 2 = d3+s 

3.38 + 0.34 = 3.72’ H6 = 1.67 + 0. I 6 = I .83’ 

3.49’ Try d3 = 1.73’ 

15.7ft2 A3 = 3.89ft2 

3.82fps v3 = 2.57fps 

0.23’ h,j = 0.10’ 

3.49+ 0.23 = 3.72’ H3 = 1.73 + 0.10 = 1.83’ 

FORMULA: Xl’ = XM 

(t+d,-d2) !+ ( 1 

(Z + 3.13 - 3.49$~) 

14.lOt -5.08 
14.lOZ 

t 

AY 
Ay ‘= Ay’ 

Z’ = d, - d, t Ay’ 

t ’ 

Q22 Q: 02,COS8 
q-A,g-A39 

3600 2500 100 x 0.766 
15.7 x 32.2 - 12.5 x 32.2 - 3.89 x 32.2 
7.1 2- 6.21- 0.61 
5.38 
0.38’ 
0.38 + 3.13 - 3.49 = 0.02: 

0.02’ 

3.49 - 1.73 + 0.02 

1.78’ 
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