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ffiEFACE

A contract for an analytical. study of flow over toe curves of low spiii-

ways in gravity fields was negotiated with and awarded to the Curators of the

University of Missouri , Columbia, Missouri , by the U. S. Army Engineer Waterways

Experiment Station • The durat ion of’ the contract was frcsn 1 September 1966 to

30 September 1968 . The Principal Investigator was Dr. John J. Cassidy , Associ-

ate Professor of Civil Engineering, Department of Civil Engineering, College of

Engineering , University of Missouri . This report is the final report submitted

under terms of the contract. Contract No . DACW39-67—C—000 1

The study was financed by FY 1967 and 1968 funds furnished the Waterways

Experiment Station by the Office, Chief of Engineers , for Engineering Studies

Program, ES 80l~, Development of Hydraulic Design Criteria.

Directors of the Waterways Experiment Station during the contract period

were COL John R . Oswalt , Jr., CE, and COL Levi A. Brown, CE. Technical. Director

was Mr. J .  B. Tiffany . Mr. E. P. Fortson , Jr., was Chief , Hydraulics Division.

Mr . F. B. Campbefl was Chief , Hydraulic Analysis Branch during the initial

phase of the contract study and. Mr. E. B. Pickett during the final phase .

Chief of the Analysis Section was Mr. R. G. Cox .
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Description of The Problem

Flow over a splllway Is represented graphically in FIgure 1.

Figure 2 shows the portion of the flow which was analyzed in this study.

The object of the study was to determine the pressure distribution along

the floor of the toe-curve and the coordinates of the free surface.

In analyzing the problem the following assumptions were made:

1,. The flow is inviscid and irrotational.

2. The discharge per unit width Q/L is known

3. The flow remains in contact wi th the lower boundary .

4. Gravity acts in the negative V direction .

5. The elevation of the total head line is known.

6. ~pe geometry of the toe curve is known.

Flow Over a Spiliway
Fi i Flow Over a Toe Curie

Fi~.2

The variables represented in Figures 1 and 2 are defined as follows:

g Acceleration due to gravity
wins $Kfl I

H — Total head ‘~ ~~~~ r j  I

R Radius of Toe Curve - 

iUSTtI~CAilOi ..... 

S • Slo pe ( tan ~
)

It! CCOLI

Vo ~ Approach vel oc i ty 
_____

X, Y — Coordinates 
.
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4 = Discharge per unit width of toe curve

PTXI PTY = X and Y coordinates respectively of the point of tangency

PCX,PCY = X and Y coordinates repectively of the point of curvature

XR ,YR = X and V coordinates respectively of the Center of curvature

of the toe curve

V = Magnitude of the velocity

= Angle of inclination of downstream tangent .

= Angle of incl ination of tangent at the point of tangency

Unless submerged , the spillway acts as a control section. In this

analysis it was assumed that the spiliway controlled the flow and that

the total head H and the discharge per unit width of toe curve q could

be specified independently.

When formulated mathematically the problem to be solved is a

boundary-value problem. The known boundary conditions are:

1. The pressure at the free surface is zero (atmospheric).

2. At the solid boundary the velocity vector is tangent to the

surface.

In additi on, boundary conditions had to be assumed at both the

upstream limi t (Line A—A’) and at the downstream limi t (Line B-B’). At

the downstream end the velocity was assumed to be constant (Hydrostatic

pressure distribution). At the upstream end it was assumed that the .

pressure was zero and, further, that a potentia~ ~~~ there was a straight

line. 
.

Mathematical Statement

Because the pressure is zero along the free surface the velocity

there is given by 
_______

V • lZg(H-YJ’ (1)
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On the solid boundary the pressure head wil l .be given by

~~~
. = H - V - ~~- 

. 

(2)

In order to analyze the problem it is desirable to map the physical

plane shown in Figure 2 into the complex-potential plane shown in Figure 3.

I~’ Figure 3 q~ and $ represent the two-dimensional stream function and

potential function respectively.
1.11

A’ - B’

A B~~~~~

Fig. 3. Complex—Potential Plane

Within the complex-potential plane the problem is to determine

X, Y and V as functions of $ and i~ The veloci ty vector has a magnitude

V and an inclination 0 which can be expressed as the real and imaginary

parts of the complex velocity [1) The natural logarithm of the magnitude

of the velocity m V  and the inclination 0 must satisfy the laplace

equations
- 

0 3w + w z
~2InV + ~

2!n
~
’ = 0 4

within the complex-potential plane [2] The parts m V  and e are also

related by the Cauchy-Riemann conditions [3).

3InV 
= _ .~! (5)

3nV (6)
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In addition , connections between the physical-plane coordinates and m V

and 0 are provided by the following integral equations valid only along

l ines of cons tant 
~
p or ‘.j, [2].

2

*
1 V “

X2 - X 1  = ‘:: C~!~~jq~ (8)

a
- y2 - y 1 — f  COSOd~,

*
1 yr

Y2 — Yi j$1 
sinO d$ (10)

,1 
y

The system of equati ons (3), (4), (5), (6), (7), (8), (9), and (10) must

be solved in accordance wi th the proper boundary conditions. Equation (1)

represents one of the boundary conditions .

At the upstream end the boundary condition must be formulated in

equation form. With the pressure equal to zero along A-A ’ In Figures

2 and 3, the velocity must be given by

V = - .
~~~ v2g~K-Y)’

where r is defined in Figure 4.

(Pc)~ PCY)J~~~~~ -

Fig. 4, Definition Sketch for Upstream Bound ary Condition
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Integrating Eq. Il wi th dr = dy/cosc*

- dr = ____ f/2g (~f-YJ’ dy + C
COSO.

- 4’ = - 
~~~~~ 

[2g(H-Y)]3~
’2 

+ C (12)

where C is a constant of integration which is evaluated by setti ng

4’ = at Y = PCY .

At this point it is convenient to introduce dimensionless parameters.

Equation (12) is made dimensionless by dividing through by (v~2~~H3’2 ).

Thus , Eq. 12 becomes

- 4’ = 
2 

- V/H]312 + C (13)
COS~L

Other var iables expresse d i n dimens ionle ss form are

X,Y, R, V 
‘ - c  _ _ _ _ _  ‘H H 

~~ v’2~Th 3’
~
2 - 

D’ ,,~ -~ 3I2 rH

Setting 4’,I,’2~’ H312 = C0 at i/H 
= PCY/H, Eq. 13 becomes

4 = - 2 ([1_?]3?/2 
+ [l-P~V]

3”2) - CD ( 14)
3cosa

where the bar over the letter indicates the dimensionless form of the

variable. Manipulation of Eq. (14) yields

9 = []_y]1~I2 = ~3coscL(~ - C0) + (1~~ Y)
312}1’3 (15)

And, hence

• in ~3coscz (~ 
- C0) + (i-P~Y)

3”2} (16)

EquatIon (16) was used to express mn~ in terms of ~ along line A-A ’

In FIgure 3. However , it was used in the form
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1n2 = in + in [{(
~B

/VT) - 
~ ~ C~ 

+ 1] (17)

where and are the velocity at A ~.id A’ respectively.

Numerical Solution

Solution of the equations presented in the previous section was

accomplished in the complex-potential plane because the geometry is

regular there. An iterative procedure was used .

Along the solid boundary ~ = ?(~ ) is known at the outset but

V = Y($) is required . A short FORTRAN program was written to generate

iiiitial values for ~~(q , i~i), ~~~~~ 1n~(~,it,), and e(p,ip). This program

requires that a value be assumed for the distance A-A ’ in Figure 3. Using

the known values of C0, H, and geometry, a free surface was generated by

assuming that the depth of flow was the same at the downstream l imit and

that both ~~~~~,ip) and S(q ,p ) varied linearly in the direction of flow.

This is admittedly a crude approximation , but it appeared to be satisfactory

as a first approximation . A copy of this program is given in the

appendix. The dimensionless distance A-A ’ is called 0.

Using the initial approximations the iterative procedure was as

follows:

1. Values of o($,4’) were calculated on the free surface by
numerical - differentiation (dy/dx = tan ’ e).

2. Values of e($,4’) were calculated on the solid boundary according

to the known geometry.

3. The 0 field was settled using a numerical approximation to Eq. 3.

4. Values of lnQ were calculated on the free surface using Eq. (1).

5. Values of lnQ on the solid boundary were calculated by numeri cal

Integration using a numerical approximation to Eq. (6).
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6. The 1n9 field was settled using a numerical approximation to

Eq. (4).

7. New values of X were computed on the solid boundary by numeri cally

integrating Eq. (8) starting at the PC.

8. New values of ? on the solid boundary were computed in accordance
with the~ values obtained in step (7).

9. New values of ~ and ? on the free surface were obtained by
numerically integrating Eqs . (7) and (9) respectively, starting

at the solid boundary.

10. The new values of ~ and ? were compared with those used in steps
(1) and (2). If a significant change was noted a new iteration was

begun at step (1). Successive i terations were performed until

the ~ and ? values remained constant.

The iterative procedure outlined in steps (1) through (10) was

programmed for processing by computer. The program is included in the

appendix.

A second program was written to calcul ate pressures once a solution

was obtained . This program is also contained in the appendix.

Example Solu tion

A numerical solution was performed for the spiliway toe curve

shown on plate 34 of EM 1110-2-1603, hydraulic Design of Spiliway s,

March 1965. The following table lists the variables used in the solution ,

their equivalent form in the Fortran language, and the magnitude assigned

In the example solution .
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Fortran Corresp onding Variable in Magnit ude
Varia ble Figs . l and 2 Assigned

g 
. 

32.2
R R/H 2.0 -

S S 0.0

X - X/H

V YIN - 
-

Q q//2~’ H
3’12 0.445

PTX PTX/H 1.893

PTY PlY/H -0.676

PCX PCX/H 0.724

PCY PCY/H -0.299

XR XR/H 1.893

YR YR/H 1.324

BETA 8 0.0 radians

ALPH a —0.6242 radians

TH 
. 

0

V 1n(V//2~1T’ )

In the computer programs TN, V, X, and V are stored in arrays and

are dimensioned as TH(I.J), v(I,J), X(I J), and V (I,J) respectively.

The subscript I refers to the row (1=1 refers to the uppermost streamline)

while Jal refers to the upstream—most equipotential line —- A-A ’ in Fig. 3).

I and J have maximum values designated as N and M respectively for the

variables TH(I,J) and V(I,J). - However, in x(I,J) and Y(I,J) I is either

1 .l o r  
2 whIle J has a maximum value equal to M. in the example problem
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N • 9 and M = 60. Thus X(I,J) and Y(I,J) are 2 x 60 arrays while V (I,J)
amd TH(I,J) are both 9 x 60 arrays in the example. Values of TH(I,J) must
be in radians and TH(I,J) = 0 corresponds to the positive X axis.

Results

The pressure-head distribution and free-surface profile obtained
In the example solution are shown in Fig. 5. Considerable difficulty was

encountered in the vicinit y of the upstream end . As can be seen by the

computed free-surface profile , some numerical error still exists at the

upstream end . However, the pressure distribution obtained is smooth and

was not influenced by the irregularity at the free surface.

In the use of the programed solution it is necessary to decide

what error will be tolerated in the free surface coordinates. In the

FORTRAN program this is labeled DEL. In the example solution DEL was

set equal to 0.01. Thus, the probable error in X/H or V/H is of the

order 0.01.

In the relaxation procedure used to settle the TN and V fields,

a to1~rab1e error must also be specified . This error has been called ERR.

Experience wi th the numerical procedure indicates that ERR should never

be greater than DEL/lO if stability in the solution is to be obtained . -

A total of 33 iterations were required to obtain the solution . On

the IBM 7040 this required a total time of 6 mi nutes.

Numerical accuracy is undoubtedly closely related to the curvature

of the streaml ines. Experience in this soluti on indicated that the

number of streamlines used (the value of N) should be such th.~t the

increment in the streamfunction between streamlines (C0/N-1) should be* less than 0:05. On geometry where R Is smaller than 2.0 (as used in the

example)1t may be necessary to use more streamlines .
V
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Use of the Program Decks

Schematic representations of the program decks are contained in

the appendix. To use the program for obtaining initial approximations for

TN , V , X, and V one must choose a value for the dimensionless distance 
-

A-A ’. This is called 0. The program will punch out cards containing the

required initial approximation to TN, v, Y, and X. -

In the main program a value for LIMIT is read in to control the number

of iterations the computer will perform (it may be desirabl e to punch .

out intermedi ate values of V , TN, X, and V because of time limitations).

A statement DONE will be typed out when a solution has been obtained .

The pressure computation deck uses the output of the main deck and

prints out pressure heads and free-surface coordinates . .

a

I
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C PROGRAM TO (SENERATE IN I T IA L  X .Y,V .TH FsJR TO E— CUKV E PKOGRAM
DIMENSION TH)9,60* .V )9,605.X) 2.6O’.Y )2,6O~RE AD 15 , 100) R .PCX.PCY ,PTX ,PTY,Q,L IMI I

1i~o FORMAT (6F10 .5.I5)
R (A D t5 ,101JM ,N ,8ETA ,~’,ERR .OE~.,XR ,YR ,ALPM

101 FORMA T (215.4F5 .3.3F10 .5J
R EA D ( 5 . 1 0 7 ) D

167 FORMA T IF1O .5)
MNsM - 1
NM . N— i
A .NM
OX ’D/A
X 12 .1 )ZPCX
Y (2 .L)~~PCY
DO 1 J~ 2 s M

1 X ) 2 . J * .X ) 2 ,J 1 .DX
1 ~~~~* s X ) 2~~X~A.MN

DX . ) X ) 1 , M * — X ) 1 , i * * / A
DO 2 J~~2.MN

2 X ) i , . ) * .X ) 1 ,J — 1~~.DX.
Y I i . i * s ~)CY .0*CO5)A LP M*
DO S j s 2 ,M
I F ) P T X — X ) 2 . J * )4 ,3 .3

3 Y)2,,J*.~ SQRT)R*R )X)2 ,J * XR***2*.YR
G0 TO~~~

4 Y)2,J*2PTY .S* )X) 2 ,J*—PTX*

5 CO NTLN UE
Y )  1,M**Y 2.M* .D
DY . ) Y )  1. 1* — Y )  1.M” /A
D0 6 ,Je2,MN

6 Y)1 ,.~*~ Y )i ,J—1 ’—O Y
DO 7 .J~~i.M

7 V }i,.J*a)ALOG )H~ Y)1,J***/2 .
V)N.1*. )ALOG)M—Y)2 .1000/2 .
A .NM
DV. V ) N ,  1*—V ) l~ 10*/A
DO 8 1 2.N
V )I ,M *SV )1 ,M*

8 V (l.1 ) .V 1I— 1.1 )+DV
A . MN
0V~~1 V ( N . M ) — V 1 N , 1) I /A
DO 20 J.2 .MN

2~ V U4..~) .V l N ,J — 1 ) + DV
00 10 J 2.Mt 14
OV . V ) N . J * — V )  i , .J **/A
DO 10 I.2,NM

10 V )j.J* .V) I—1.J* .DV
DO 13 J .1,M
IF )X 12 ,.J’—P TX~~12. 12 .11

12 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
GO TO 13

11 TM)N.J * .uETA
13 00 14 I~~1.NM
14 T H ) l , .J *~T tI ) N , J ’
15 CONTINu E

IT E 16. 103• IX) i ,J* .Y ) 1.J* s A l  2 .J ” Y 12 .J* .J~~L .M’
WR l IE I 6. 104* ) )V )  l..J * , l.1,N ,J .1.M*
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W R I T E  ) 6i 104’ 1 ) THU ,.)* , Isb N’ .J.j
104 FORMAT)9F9.5’

~R f T E ) 7 . i O 2 ’ ) I T H ) Z , J * .l.1,N* ,Ja1,$.
WR ITE 17 . 102* I I V I Z  .J’.I•i.N’
W R I T E )7 . 1 03* )X ) 1 ,J * ,Y ) 1,J * ,X ) 2,J e ,y )2 ,J , ,J.1,M,

102 FORMAT)9 F8.5’
103 FORMAT I2FAO .5 ,F15.3.Fi 0.50

END

p

‘ ‘ 1 

- :   -

~~~~~
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C SP JLLW AY TOE—CURVE A N A L Y S I S
DI MENSION Tpj 19.~~~) ,V 19 .bO ) ,X12.60) .Y12.6O, 

1

C READ IN DAT A 2
READ 1 5 ~ 100) R ,PCX .PCY ‘P TX .PTY .0 ‘LIMIT

100 FORMAT( 6F10 .3.13)
REA0 15 ,1O 1)M.N.t ~ETA.S ,ERR .UE& ,AR,yR,ALp H

101 F O R M A T I 2 I b , 4F5 .3,3F10.5) - 6R EA D 15 ,1 0 2 ) t (V l I , .J).I .1 ,N).J .1 ,M)
READ IS ,102) IITHII ,J) .I .1 ,N).J .1 ,M)

102 FORMA I (9F8.5) 9
READ I5 .103 )1X (1 .J).Y (1. ,H ,X (2 ,J).Y 2.J),.js1,i,) 10

103 FORMAT (2F10 .5.FI5.5.F10.5) 11
C CUMPUTE PARAMETERS

M Ks M— 2
ML.M— 1 ii
NM.N— 1 14
V (N ,1l .ALOO (SIRT (1 .0—Y (2 ,1J I)

C NI TIA L IZE COUNT OF ITE RAT iONS
NT I ME

C COMP UTE NgW THETA ON SOLID BDUN DAR Y 14W
6 DO 34 J.1.M 149

IFIX (2. .fl—PTX) 32 .33.33
32 T,-UN.J) .ATA NI— (X 12 ,J )—XR )/ (Y1 2.J )— YR) ) 151

GO 10 34
33 THIN.J) .BETA 15$
34 CONT INUE 154

C COMPUTE NEW UPPER FREE—SURFACE THETAS
1.1
A -NM 15
DO 9 J 2 .ML
DYDX Y (I.J— 1)* IX C I. ,J) X 11 ,.J + 1 ) ) / t 1 X 1 I ,J 1) X 11.J)) ’ (XI I ,J l F X (I ,J

1+1H ) ,YlI ._ ))*12. *X 1I ,J )—X11..J.1) —X II ,J—i ))/IIX (l ,.J )—X( I ,J.1 l)* (X( i
1,J) X 1 I ‘— I— I )  I l+Y 1 I .J+1 ‘(Xl I ,J1 X1 I .J— 1 ) ) / (  ( X (  I .-J+1 — X (  I ..J—li )*(X
1 ( 1  s.J + U—X 1 I • J )  1 )

9 Tei1~~.j~ .ATM ~ IDYDX )
T N U , M ) S T H ( 1 . M — 1 )
DYDX .Y11.1)* (2 .*X11 ,1 )~~X C1 ,2 )— X (1 .3 )P / ((X (1 ,ll X (1.2) ) *lXi1s 1 )

1X f- 1 ,3 )))+Yl-1. 2 )* (X(1 ,1 )— X (1 ,3 )I/l(X( 1 .2 J—X ~ l ,1I)* (XL 1 .2)
1X( 1 .3) ) ).Y(1.3)* (X(1,1)—X (1 ,2)l/ ((All .3) Xl 1 ,1 ))*(X ~ 1,3) X’1.2))I
TN 11. 1) A TAN ( DYOX )

DO 10 1 1.NM
10 TH (I ,1)—JH (N ,))

00 11 1 2.NM
11 T H ( f , H ) .T H I I— 1 , $ ) + B

C SETTLE TM FIELD 56
12 8OX—O. 57

DO 14 1 2 .NM
DO 14 J 2.ML
8— THI I ,J) 

. - 60
THl 1 , .J) .l THII~~i,J).TH1i ,J— 1)+TH (l ,J+1 )+TH1I+1sJ)) /4. 61
IF ( A8s (e— THII ,J))— ERR )14 ’14 .13 62

13 BOX .bOX+1. 63
14 CONT INuE 64

IF (BOX)15,15.12 65
C COMPUT E INCREMENT IN STREAM FUNCTION 66

13 A.NM 67
OQvQ/A 6

C COMPUT E NEW V ON FREE SURFACE 

- -  .-—-.
~~~~
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S 1.0.
V8.EXP V IN,1) )
VT .EXP ( Vii. 1)
VBVT .(i/8/VT) ‘*3—1.
DO 29 ..I * 1.M

29 V i 1.J)U IALOG (1.O—YU. J)))/2 .
C COMPUTE NEW V AT ENDS

DO 30 1 2.N
SI-SI .06

30 V (I.M )SVI1 .M) 134
C COMPUTE NEW V ON SOLID 8OUNDA ~ Y 135

00 31 .I.3.M~ 136
J i J 1

.1 £31
~39
140

00 31 I.2.P4
1 1 — I — i
12 .1—2 14$
A .14.S 41i-i ~~I1 ,J 3) .Tp$~ j ,J3 )—T$ tI1.J 1)— ZMI 1..~1))W— Tsc I 1 .-i2).Ti ~ I .~~2 —T.i t I 1..~4)— IM~ I

31 V II ,J) .V IIL .J)— (A.$)/4$ .
V lN ,2) .(V 4N .3).V lN.~~) / 2.
V lN .ML). (V U~.MI.V (N .M ~ I)/2.

C SETT LE V FIE LD
3 ISO X O .  -

00 5 l-2 .NM
DO 5 J 2.Mi.

V II.J) . (V L I—i ,J)+V (1+1.J)+V (1.J+L ).V(Z..J 1~~l/4 . 20
I FIA BS (13—V (1 ,J) )—ERR )5 ,5 .4

4 ~OX.(30X+ 1.
‘, CONTIN~JE

IF (80X 7 .7 . 3
C COM PLa TE X 0P4 SOL ID BOUNDARY

7 A .COS (TH(N,L Il /E X P ( VI N .1 l )  71
XBOX S u . 72
DO £ 6 J.3 .M.2 73
C-A

A~~C~~~( Tp4(N. J) /E* PiVU ~
,
~~I I 76

8*- I S..*.8.’B—C I ‘00/ 2. 7,

BX . lA +~.’c~’-C ) . .) Q/ 3 .
16 X~ 2 -J) .4 2 .J—2)+BX*D)’2 .

C COMPUTE Ps E w Y ON 501.10 bOUNDARY -
00 22 .).2.M
ds Y (2 .J)
IF PTX —* 12 ,fl 119.18 .18 65

18 Y (2 .J).— SOR T (R .R—1X1 2 ,J ) *R)”2 l.YR $6

GO 10 20 17

19 Y (2.J).PIY ,S .i*12 ,J )—P TX)
20 IF (A ,$S (Y (2 .J)- .B)—DEL)22.22.Z1 *9

21 XW O X X8OX ,1. 90

22 CONTINUE 
91

C COMP JT C Y AND X ALONG FREE SURFACE
DO 26 .1 1.M
P*(XP (V N ,J ~

—-- —-- -— -
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D .SIN IT MIN.JI )/P
A .(OSITiILN ,J) )/P
DX .O.
DY .0.
Ab .Xl 1,-I)
ÔA — Y (  1,.))
00 23 I 3.N~~2

C -A
P — ~ X P ( V ( ~ — l , J )  I
PP I.E AP I V t  ~. 2  . J I I
B .CO5I TMl ~~— 1.J )  )/ P
A -CO S(T ,itK— 2, jj )/PP
Fs D
E .51~ i t T HiV ~— 1 ,J) I/P
D .~~IN( THtf ~— 2.J) )/PP
0*~ 0*.( Fi 4..E+O 1 *00/3.

t3 UY DY+IC.4.’tI,A)’D Q/3.
Y l 1,.))sIYL1.J).Y12 ..4)+DY )/2.
XI ~~,.)— (X(1 ,J) +X (Z.J)—DXl /2.

C C I.~M PARE ~‘E. AND OLD COORDINA TES
IF (A B S IX I1 ,J) AB ) DEL)40,40,41

‘.0 IF (A 8S (Y(1 ,J —BA I—DELI2 6 .26 ,41
41 XBO X~~XBOX +1.
26 CONT INUE

IF (Xb OX )2 7~~36.27
27 N T IM E - N T I M (+1

IF 1~.T IM E—LI M IT)6 ,37 ,37
36 ~R I T E ( 6 . j C 5 )

105 F O R M A l I S M  DONE)
37 .~~~TE ( 6 ,1Q7 )NT 1ME

107 Fc .~M.~. T (  5 J
a~~I T E t 7 , 1 O 2 ) ( ( V ( I , J ) . I 1,N) ,~~~1,M)

TE 1 .7, 102H I T M I I ,J )  • I•1.N)
m R I T c ~(7.1O 3J (XI i ..j1pY il ,J).X I2 .J) .Y I2.J) ,~Ju 10M )
,~~ITEIb.lO3) (X (l.J). y (1 , .JI ,X(2 , J).Yi 2 5J)~~J 1~ M )
.~1Z ~~E I 6 , 1 0 4 ) ( ( V l I . J ) , I 11N) .J 1~~M)
sR I ~E 1 6 . 1 0 4 1 1 1  T HI I .J ) ~ 1 1.N) .J.1 .M)
FORMAT 9FAO .5
END 163
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20

C SPIL LA A Y  TO E—C U RVE PRESSURES
DI~~1P.~- ION Ih(9 ,6 0) .V19.6O) ,X1 20601 ,y (2 ,60)

C r~LA3 I~ . U A T A
sRI  T~ (6 .~~oo)

106 FORMA T(29H ~PI LL nA Y TOE—CURVE PRE SSURES/ /I

100 F O R M A T ( b F 1 O . ’j , I 5)

1C~ F O RM A TI 2U- ,4F5.3 ,3F10.5)
R EADI 5, 102 3 1 1  V I I.J • .J 1.M)
acA D ( 5 . 1 0 2 ) C C T H ( I . J ) , L . 1 , N I . J . i , M ,

1~~2 FO RM AT I9 F8 .5)
5. 103i (XI lo .)) ,Y ( 1,J )  .X12 i-l i , Y ( 2  . 1 )  ,J 1.M)

1C3 FORMA T (2F10.5.F15.5 ,F10.5)
C W R I T E  OUT HEAD INC,S

n R i  ~E I 6 . 1 Q 4 )
1v4 ~~ RMAI(52H A PRE~~~URE HEAD/H FREE SURFAC E PROFIL E)

~ R 1 T E (6 . 107)
.37 FORMAT IS2 H A/H Y/H// )

C COMPUTE AND PRINT OuT PRESSURES
DO 3 ,J.1.M
P. l .O—tEX P (V (N ,~~ )‘*2)—Y (2 ,J)

3 WR TE~ 6,1Q~~,AI 2. J , p P p A I i ~ J ) , Y ( 1 . J )
105 FQRMAT (F6 .2,F9 .2,F20.2 ,F12.2)

END
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