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Abstract

Steady flow in irregular channels is a commonly cccurring problem in flood control.
FORTRAN computer program for the analysis of either supercritical or suberitical

In this paper is developed a
steady flow in an irreguiar channei.

The computer output is presented in a form manner, with various hydraulic flow variables included such as pressure-plus-

momentum, among others,

1. Introduction

The study of open channel flow hydraulics requires an
understanding of the fundamental principies embodied in
the conservation of mass, momentum, and energy. Conse-
quently, the basic definitions and equations need to be
oresented prior to developing the detailed computer soft-
ware which can be applied to soiving engineering problens,
In the following, the necessary fundamentals of open
channel hydraulics is briefly reviewed. These concepts
will then be extended towards the deveTlopment of compre-
hensive microcomnuter software for the analysis of steady
and unsteady flow in open channeis.

2. Conservation of Mass, Momentum, and Eneray

The study of onen channel flow hydraulics is based
upon the three conservation laws of mass, momenturt, and
energy. These Taws are applicable to a specified quantity
of matter {or system) which preserves its identity while
undergoing a change in position, epergy leveil, or other
conditions.

The usual apniication of these laws is to deveiop
integral equations which express the fundamental principles
with respect to fluid fTow through & control volume. The
intenral equations can be directiy apnlied to fiow pro-
blems or rewritten in terms of partial differential esqua-
tions to analvze the interior of the fluid.

2.1, Conservation of Mass

For a Tixed control volume & enclosed by the surface
I, the inteoral vorm of the conservation of mass is given
in vecter notation by
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where ¥ is the velocity vector with respect to the
Cartesian coordinate system, and dA is the outward normal
vector of T with magnitude dA. For steady flow the time
cerivative is zero, giving

| o¥ +dA = 0 (2)
J
T

For incompressible flow
JV-GA=0 t3)
r

The differential equation form of mass conservation is
often used in onen channel flow hvdraulics. This form is

O266=-3463/87/030146 — 10 $2.00
° 1987 Compotational Mechanics Publications

obtained by application of Gauss' theorem to (1} giving

ap 3 ] 3
_+—(pu)+~—{p\f}+—-—(pw}=!} {4}
3t Ix ay az

where {u.v,w) are the [x,v,z) directional flow velocities.
For steady, incompressible flow {4) reduces to

du gV oW
—t et e = () {5)
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Z2.2. Conservation of Momentus
Hewton's second Taw of motion relates the net force F
acting upon a system to the change in momentum M by

M
F=—
dt 6}
With respect to the fixed control volume §2., (6} can be
in integral form as

a
c dA v — | ¥ =F
J YoV ' J Jeluit (7

at
Q
The F vector 1s composed of pressure and shear forces acting
upen the surface of the system (F.}, and the body force
vector {B) which relates body forces (such as gravity) per
unit volume of the system. Using Fc and B, (7) is rewritten
as

a
VoV - dA + — | ¥odn = F_ +
( p él o J o s J Bdn (8)

J
r
For steady flow, (8) becomes
f [
VoV« dA = F + )
J
]
An important application of (%) is when the fluid crosses T

at only one point of entrance {point 1) and exit {point 2).
Assuming entrance and exit areas, then (2) becomes

8dn (9

IF, = Min, -u))

. 10
IF = M(v2 -vl} (10)
IF_ = !:1(w2 -w,)

where Ml is the mass flowrate through 0,
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2.3. Conservation of Energy

The first law of thermodynamics is used to develop the
integral equation form of the conservation of enerqv. The
conservation Taw is aiven by

=q - W {11)

where dE is the chanae in the energy of the system, 0 is
the heat zdded to the system, and ¥ is the work done by the
system. The energy E s written in terms of several con-
tributions by

E = U+ §av* + mol (12)

where U is the internal energy, m is the system mass, m¥Z/2
is the kinetic energy, and mgZ s the potential energy.

For e = E/m, (11} is written in integral eguation form with
respect to time by

3 f a0 dW _
ep¥ +« dA + — | epdll * — - — {13}
at J dt  dt
it

Flow work done on T due to mormal stresses {hydrostatic
pressure} can be isolated from M term and {13} rewritten
as

3 dgp  dw*
{e+pfo) oW » dA + — | epdR = — - —

at dt  dt (14)

where p is the fluid pressure and W' is the work term ¥
less the flow work contribution.
For steadv flow, {14} reduces to

{ 4 dw”
J (e +pfp} o¥ » dA = — - — (15)
dt dt
T
For one entrance {(point 1) and exit (point 2] assocjated
to T, and constant e,p,p over the entrance and exit areas,

. . [P, b, ) d0 o
"fez"h)*”[—-"‘ — (16)
P, Py dt dt

hoting e = E/m, and B being the mass flow rate through 2

aives
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where 7 = U/m.  Letting

Ho= (3, ~d4)-—/W {18}
b L T

further reduces {17) for zero system work to
{p, - P;) (V2 - v

o

+g(z, - Z,)+gH =0 {19

or in terms of Tength units {or head)
F3 2
{p, - p,) . (v - vi)

Y 2g

where y is the fluid specific weight, and H is the head
loss.

+{z, - 21) + HL =0 {2a)

3. Fundamentals of Hydrualics

3.1. Hydrauiic Srade Line and Energy Zrade Line
For any peint in the fluid, the summation of the ele-
vation D]us the pressure head is known as the piezometric

head. The piezometric head renresents the level to which
liquid will rise in a piezometer tube where a line drawn
through the tops of a series of piezometer columns is known
as the hydraulic grade line (HGL]. The energy grade line
{EGL} }5 determined by the sum of the HGL and the velocity
head We/2g) such as shown in Fig. 1.
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Fig. 1. Open channel flow energy balance.
3.2. Specific Energy

In open channel flow, the specific eneryy, SE’ is
given by

S¢ = ycos? & + c¥?/2g (21}
where

v = vertical depth of flow

g = angle of longitudinal bed profile with respect
to the horizontal. {(In most cases & is small,
therefore cos? A = 1)

¢ = kinetic energy correction factor. This is equal
to one when the velocity distribution is uniform,

¥ = average flow velocity

g = gravitational acceleration

tiven the flow rate (Q}, the cross section flow area (A),
ang for cos® 6 = 1,

Se =y + 02/20A2 {22)

{SE - yIA? = 0%/2g = constant {23}

From Equation (23}, it is clear that the specific energy

curve of Fig. 2 has the two asymptotes of y = Sg, and y =0,
Alternate depths are defined as the two possible

denths of flow for a niven Q and 5S¢, and represent the two

noss1ble refqimes of flow, For a po1nt on the upper 1imb

of the curve (Fig. 2). flow has a higher depth and thus &
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Fig. 2. The snecific energy curve.

tower velocity. In this case, the flow is known as sub-
critical. 9In the lower limb of the curve the flow has &
lower depth and thus a high velocity. This flow is classi-
fied as supercritical. ‘hen dSp/dy = 0, the flow is
critical (the Tocation of this condition is at the crest
of the curve}. The depth relating to critical flow is
known as the critical depth, Yoo

3.3. The Specific Force

Consider & steady, uniform incomoressible fiow in an
oven channel between section A to section B, and apnly
Hewton's second law of motion. The second law of motion
states that the change of momentum per unit time in the
body is enual to the resultant of all the external forces
that are acting on the body. Thus for a fixed control

volume
~there
8 = morentum correction factor
Py and Py = resultant pressures acting on section A

and B, respectively

ecuivalent weight of the fluid pressure

enclosed between sections A and 8

Fr = total external forces (including friction)
along the wetted boundary of the channei
hetween section A and section B

9 = angle of channel siope with respect to the
horizontai

1]

W

The pressure forces are calculated by
Pp = YAghy » Pp = yAghe {25)
where h = the distance to the centroid of the cross section
below the water surface

1f the difference of Ysin & - F¢ can be neglected and
g, and B, = 1, then eauation (2£) can be simplified as

- 2 -
Aphy + QP1ghy = Aghy + QZ/QAB (26}

Both sums of the terms in (26) involve identical components,
and can be grouped together as the specific force, Fq.
That is,

Fe = Ah + QZ/gA te7)

The specific force curve {Fig. 3) is sinilar in some
of its characteristics to the specific energy curve (Fig. 2).
Both the snecific farce and specific energy are asymptotic
to the » = 0 axis., However, the specific force curve is
not asymptotic to the 45° line.

1. The Hydraulic Jurm 7n a Rectancular Channel

Solution of the continuity and momentum equations for
the special case of a rectangular channel leads to the

FLOW DEPTH

CRITHAL |
OEPTH
Fgu AR+ Glga
Fig. 1. The specific force curve,

following relation for the initial {y,} and sequential
depths (y,} of a hydraulic jump on a horizontal floor:

Yoy = 1/2 (L + 88,875 - 1 (28)

and

Y1/ = /2 ((1 + 88,25 = 1) (29)

In the above, Fand F, are the Froude numbers correspond-
ing to depths ¥, and Yo respectively. Substituting these

values into the energy equation gives the energy loss in
the jump

dE = (y, = Y1)3/4Y122 (30)
The jump efficiency E,/E, can be expressed as
Ey/Ey = (18892 + )32 - 4py2 4 1)/872(2 + 1)) (31)

The relative height of the jump {y, - y,}/E, can be ex-
pressed -as

vy - yp)/Bp = (1 + &1%°5 - 3)/(2 + 1)) (32)
The U.5. Bureau of Reclamation has ¢lassified various types

of hydrauilic Jjumps based on the Froude number, F. Their
results are summarized below:

TABLE 1. HYDRAULIC JUMP CLASSIFICATIONS
F Classification
1 to 1.7 undular jumgp
1.7 to 2.5 weak jump
2.5 to 4.5 oscillating jump
4.5 to 9.0 steady jump
> 6,0 strong jump

4, Gradually Varied Flow

Gradually varied flow in & prismatic channel can be
modeled by the one-dimensional differential equation

dy/dx = (S0 - Sf)/(l - F*} {33}
where
y = flow depth
Sg = the bed slope
5z = the friction slope
F = the Froude number
x = coordinate along channel bottom
When Sy approaches S, dy/dx approaches zero. There-
fore, water surface profi?es approach the normal depth of

flow asymptotically. o

If F approaches unity, dy/dx approaches infinity.
Therefore, by (33}, the water surface becomes nearly:
vertical.
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4,1. 5§ Profiles

A chamnel is classified as steep for a discharge when
the normal depth is less than the critical depth, and is
mitd when the normal depth is greater than the critical.
Hhen the normal flow is rapid (normai depth less than
critical} in a channel, the resulting profiles §y» and §,
and §, are known as the steep profiles. The S, profile
approximates gradually varied flow which is above the
normal and critical depths, S, represents the fiow profiie
occurring between the critical and normal depths, and S,
occurs belew the normal depth, (Fig. 4).

Fig, 4. Gradually varied flow profiles for steep
slopes. :

For the §_ curve, both the numerator and denominator
of {33} are no%itive and the depth increases downstreanm
approaching & horizontal asymptote. An example is a steep
canal emptying into a pocl of high elevation.

For the 5, curve, the numerator of (33) is negative
and the denominator is positive {but approaches zero at
¥ = ¥,). This curve approaches the normal depth asympto-
tica]?y. An example is the profile formed on the down-
stream side of an enlargement of a channel section.

In the $, curve, both the pumerator and denominator
of {33) are negative. An examnle is the water surface
profile as the slope changes from a steep to a milder (but
steep) slope. .

4.2. K Profiles

A mild slope is one where the normal flow is tranmguil
{i.e., normal depth, ¥,, is greater thar the critical
depth, y.). Three pro?iIes may occur, and are classified
as M,, M, and My, for flow depths above normal depth,
belew normal and above critical depths, and below critical
depth, respectively, {Fig. 5).

dy/dx» +

HORIZONTAL

g TH

L CRITiea
7jkEDEPrH

Fig. 5. Gradually varied flow profiles for mild stopes.

For the M, profile {y>¥,>¥c)» the upstream end of the flow
profile is tangent to tﬁe normai-depth Tine, since dv/dx=0
as ¥=¥,. The downstream end is tangent to the horizontal
because dy/dx =S, as y approaches infinity. A typical

example in this case is the profile behind a dam in a
mildly flowing river.

For the M, profile (yp>y>y.}, the upstream end of the
flow profile is tangent to the rormal depth line, since
dy/dx=0 as y=y,. The downstream end of the flow profile
is less than the normal depth but above {or equal to) the
critical depth. A typical example of this profile occurs
at the upstream side of a sudden eniargement of a mild
channel cross-section.

For the M, profile (y<y.<y,), the upstream flow depth
is modeled to begin as an acute angle. The downstream flow
terminates with a hydrauiic jump. The most upstream flow
depth is modeled as y=0, and has an associated infinite
flow velocity.. The typical example of this profile is
when a supercritical flow enters a mild channel.

4.3, C Profiles

then the normal depth and the critical depth are egual,
the profiles resulting from this are labeled C, and C,.
, occurs when the flow depth is above the critical denth
and C, occurs when the flow depth is below the critical
depth. These profiles represent the transition conditions
between M (miid) and S5 (steep) Flow profiles. The C, pro-
file is usually associated to the case of uniform critical
flow, (Fig. 6}.

dy/dn»+
~ e ;_:_?,'-_ ~w o _ HORIZONTAL
63 = s *

—~—
c2
o dy/dx = & -"""-...,

Fig. 6. Gradually varied flow profiles for critical
slopes.

4.4, The Standard Step Method

Gradually varied flow profiles are generally computed
by using any of three popular methods. HNamely, the graphi-
cal-integration method, the direct-integration methed, and
the standard step wethod. The standard step method con-
tinues to be the most commonly used.

In the standard step method, the computation of the
flow depth is carried out on a station to station basis
where the hydraulic characteristics are known. The compu-
tation procedure is a trial and error method to balance
the energy equation.

for convenience, the position of the water surface is
measured with respect to a horizontal datum. The water
surface elevations above the datunm at the two end sections
can be expressed as (Fig. 7)

ZA = yA + ZA {34}

and

Ip =¥ * 2y {35}
The friction losses are estimated between points A and B
by

he =S¢ dx = (S, + S3)dx/2 (36)

£7f
where S¢ can be taken as the average of the friction slopes

at the two end sections. The total head at sections A and
B can be equated by the energy equation

Spdx + y, + caVp?/29 = yp + CBVBZ/Zg +Sdx + h, (37)
By substitution, the following is written
Iy + CAVA2/29 =1+ chsifzg +he + hy {38)

MICROSOFTWARE FOR ENGINEERS, 1987, Vol. 3, No. 3. 149



Fig. 7.

Channel reach used for derivation of
standard step method.

where h, s the eddy loss defined by
h, = k{c¥?/2g)

and k is defined by

k =0 to 0.1 for gradually converging reaches
k=0 to 0.2 for gradually diverging reaches

k = 0.5 for abrupt expansion and contraction

k = 0 for prismatic and regular channel

The total heads at the tuo end sections A and £ are

Hy = Zp + CAVA2/29 (3%a)
and
- 7 2
Hg = Iy * cgl¥g®/2g {39b)
Using {39%a,b), eguation (38) can be expressed as
Hy = Hp h_F + he {40}

Given the values of Hp(or Hp}, the energy head for Hg{or
Hp) 1s computed hy estimating possible flowdepths until
tha ogverning ensrgy equation is satisfied.

5. PROGRAM 1. Irreqular Channel Backwater Cuarve Analysis

The Standard Step llethod provides for the computation
of an upstrzam water syrface and EGL given the current
values of the water surface elevation, EGL, flow rate, and
other flow and channel characteristics. Consequently, the
rmain thrust of the computer program is to develop back-
water and drawdown curves for channel flow situations which
can be considered mild (i.e., Froude numbers are all less
than 1, and the normal depths are greater than the critical
depths).

The program data entry requirements fall into two
categories:

{1} preparation of channel cross section information

{2} definition of uniform channel flowrate, energy
balance locations along the channel, and down-
stream hydraulic control information

The preparation of channel c¢ross section information
entafls the definition of up to 20 cross sections along
the channel. Each cross section is defined to have up to
20 {x,v) coordinate pairs, a Maoning's friction faclor,
a kinetic energy carrection factor, and an eddy loss factor.
Zach cross section is assumed to have a single flowline
such that the section begins on one Dank, decreases in ele-
vation constantly to the fiowline, and then increases in

elevation until the other bank elevation is reached. The
section coordinate data 15 entered with the first x-coor-
dinate heing defined as x =0.0. Thus the coordinate data
rust be entered consistently in order to scan the cross
sections properiy. That is, all sections should have the
coordinate data prepared from left-to-right {or right-to-
Teft). The cross section data entry begins with the most
downstream section, with subseauent section data entersed
in the upstream direction.

The second set of data entry requirements includes
the constant flowrate to be used through the entire study,
the definition of the downstream hydraulic control water
surface elevation, and the definition of energy balance
locations along the channel. PROGRAN 1 computes the
critical depth at each energy balance location.
Consequently, should the specified control water surface
elavation correspond to a chanrel flowdepth Tess than
critical depth. the program will redefine the controil to
equai the critical depth. The Standard Step Hethod com-
putes the water surface profile by balancing the energy
losses {between energy balance locations) to the change in
the EGL. Thus the engineer locates those points where the
enerqy balance computations are to occur within the study,

As the study proceeds in the upstream direction, the
upstream water surface and EGL are computed at energy
balance locations by linearly interpolating all cross sec-
tion gegmetric and hydraulic information. Should the water
surface fall below the correspanding critical depth, the
channei flowdepth is redefined to equal the critical denth
(Froude number equals 1, modified by the kinetic energy
corvection Tactor), In reaches where normal depth fiows
could be supercritical, the word STEEP is noted in the
right hand column of the computer solutionm tabulation.
iher program ouiput features are 1isted in the program
descrintion page which is included in the program cutput.

PROGRAM 1 is designed to tabulate the hydrualic com-
putations according to the form given in Chow (1959, pyg.
269). The computer resuits also include a report descrip-
tion page which briefly describes the computer program
operation and the interpretation of the final results, It
shouwld be noted that PROGRAI 1 models the gradually varied
flow hydraulics as a one-dimensional channel veach, ignor-
ing all additional Tosses due to bends, angle points, and
so forth. However, the eddy loss factor represents a
nartion of the velocity head to be used for energy losses,
and can he used to include any other additional losses as
a function of the flow velocity head, Hv. Should channel
Tlows eucesd either channel bank, the model assumes that a
vertical 1ine extends upwards from both channel banks, with
zerg friction assumed aiong the imaginary boundary. In
this flooding situation, the word FLOUD is printed in the
computer results.

5.1, Data Entry for PROGRAM 1

In order to deterrtine a water surface profile in 2
subcritical channel flow, the channel needs to be definad
by crass-section coordinate pairs and associated flow
parameters. This cross-section information ic entered as
nne travels ypstream through the channel. The program
input variable names and descriptions are provided below.

PROGRAM COMTROL DATA ENTRY:

Yariable Mame Description
H Total number of cross-sections
g Channel flow {cfs}
TOL Tolerance in computation {feet)
YCOM Downstream hydraulic control

water surface elevation (feet}
CROSS-SECTION DATA ENTRY (I=1,M):
M1} Humber of coordinate pairs

FHANLTY) Manning's friction factor

ALPHA(I} Kinetic ermergy correction factor

EDDY{I) Eddy loss coefficient

*¥{1,d),¥{1.J} {%,¥) coordinates for cross-section
number I

DISTS(I) Distance to hydraulic control {feet)

EWERGY BALANCE LOCATION DATA ENMTRY:
Program 1 uses straight line interpolation betweeh cross-
sactions to define the irreguiar chapnel geometry and flow
parameter values., To approximately solve the energy
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to

Variable Name

S
-3 5,

L:11 =00 n=003
CROSS -SECTION

At

Lt 200 a:0G3

CROSS-SECTION

az11 €:00 nz00]

CROSS-SECTION

-1

4211 0.0 nz0O3
CROSS-SECTION

EXAMPLE PROBLEM - IRREGULAR CHAMMEL PROFILE AMD CROSS-SECTIONS
equation, lecations are needed where the energy balance is

be made.
Description

NE Total number of energy balance
locations
Distance from hydraulic control

where energy balance is to be
made {I =1, NE)

DIST(1)

References

.

$
C
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1001

1noz

1003
C

Hromadka 1I, T.¥., Durbin, T.J., and DeVries, Jd.,
Computer Methods in Water Resources, Ch. 3, Lighthouse
Pubiications, 1985.

PROGRAM 1

TYFE F.DOC

SUBROUTINE PROFIE

DATA ENTRY ROUTINE FOR PROFILE BATCH SYSTEW

COMMON /RUT/RUT

COMMON/M1S5/1FORM, IDF

COMMON/MLSC/LFF
COMMON/INHIB/INH ,INH1, INHZ,1NH3 , LNH4, IRHS
COMMON/BLE1/X{50,20),Y (50,20} (NFL{50} ,M{50)
COMMON/BLKZ2/DISTS{50) ,ALPHA {50} , XMAN {30} ,EDDY {50]
COMMON/BLE 3/ TOL, 00, N,DIST (200) , NE, KMODEL

HUT=6
IFF=12

BO 1001 I=1,200
DIST{I}=0.0
CONTINUE

DO 1002 I=1,50
HFL{I}=0.0
M{I)=0
DLETS{I)=0.0
ALPHA{1)=0.0
XMAN{IY=0,0
EDDY (I}=0.0
CONTINDE

DO 1003 J=i,20
oo 1003 I=1,50
(I, J3=0.0
¥(I,J)=0.0
¥(I,J)=q.
Xii,3)=0.
CONTINUE

CFEN S, "PROF.DAT"
OPEN 6,"PROF.BNS"

C..READ DATA INPUT
<
READ FREE(5) W,QQ,T0L,YCON,NE

SVYTOL=TUL

KMOLEL=1
IF(TOL,LT.0)KMODEL=2

IF (TOL,LT,0)TOL = TOL *{-1)

D0 4016 I=1,NE

READ FREE(5) DIST(I]
CONTINUE

DO 4018 I=1,¥
READ FREE(5)
READ FREE(S)
READ FREE({5)
READ FREE{5)
READ FREE (5)
READ FREE(S)
MMM (1)

DO 4024 K=1,MM
HEAD FREE(5] X(I,K)
READ FREE(5} Y(I,%)
CONTINUE

CONTINUE

4016

DISTS{1)
ALPHA(I}
XKAN(L)
EDDY (I}
WFL(I)
H{I}

4024
4018

c

C..END OF INPUT

<
CALL PROF5(NUT,YCON}
CALL PROFG (NUT)
CALL PROFZ{NUT,YCOM}

3

RETURN
END

SUBRQUTINE PROF2(NT,YCON)

one and
1
1

BYTE NOTE,IST,BLANK, ITYFE

CHARACTER* 30 MODEL,MODEL1,MODEL2,BUF{™*7?

COMMON/TEXTF/NOTE , BLANR , IST[26) , INT {12}, IWES (5]
COMMON/BLE 1/X{50,20},Y(50,20) ,NFL{50),H(50}
COMMON/BLE 2/DISTS{50) ,ALPHA{50) ,XMAN{50} ,EDDY (50}

COMMOK/BLX 3/TCL,Q,N,DIST(20D) ,NE,FRMODEL

COMHON/MISC/IFF

DATR MODEL1/' ** SUBCRITICAL FLOW MODEL ** YA

MODEL2/'** SUPERCRITICAL FLOW MODEL **'/

DATA {IST(I},I=1,10)7'F', ‘L', 0", ‘0%, 'D', 's', "0 B, 'E . P,

DATA (IST(I},I=11,15}/'8"',"T',"&',’R",'T'/

DATA[IST{I),I=16,26)/'8','E','C','T ",
lLI'IDl)’

DRTA NOTE/*'/ BLNR/' '/

ERROR = 1 IMPLIES COVERFLOW

a0
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IFIRET=0 <

1COUAT=1 Cuvanwa MAIN LOOP

DCON=YCOUN [+

ITYPE=BLANK 0o 100 LL=1,ME
C C

MODEL = MODELL

LeLL
1T (KMOGEL.EQ.2) MGODEL = MODEL2 IF (FMCDEL,EQ.-2) L = ME-LL+l

c [
g CALCULATE COMTROL SECTION HYDRAULICS CALL PROF4{L,YC,¥N,J,K(NT,A,V,R,FR,ERROR]
YMIN=YC
TF {KMODEL,EQ.2) GO TO 201 c
< YMAX=YC +250.
©  SUBCRITICAL FLOW
CALL PROF4{0,YC, YN,J,K,NT, 2, V,R,FR, ERROR} Ra=[DISTIL} -DISTS (D)) / {DISTS (K] -DISTE {J))
IF{¥C.GE, YCOR) DOON=YC Rlel.~R
IF(YC.GE,¥YCON} ITYPE=NOTE JFL=KFL{J)
LE (¥, GE YCOMLGOTO 10 KPL=NFL K}
CALL PROF3{1,YCON,A.V,F,DH,TW, B,FR, )., XPM NT ERROR) YMINI =Y {J  JFL)
G TG 10 YMINK=Y {K,KFL)
g YEL=R*YMINR+RI*YMIND
c
C  SUPERCRITICAL FLOW IP{BMODELLED. T} ¥MIW = .01 + ¥yFL
c 1F (KEMODEL.EQ.2) YMAX = ¥C
201 CONTINUE c
CALL PROF4(1000,¥C, YN, J,K I A ¥, R, FR, ERROR) Cuvrv- . ESTIMATE SECTION PANK-ELEVATIONS
€ XLENE=R*Y (K,1]+R1*¥{J,1}
JY = NFL{N} =M (T}
¥YRIRE = ¥ (H.JY} MME=M (K}
DMIN = YCON-(YMINE + .05) ARBHE=R*Y {X, MME ) +R1*Y {J,MHI}
IF (DMIN .LT. D.) YCON = ¥C c
c c
1F[YCONLGE.YC)] DOON = YO DO S0 LLL=1,18
IF (YCOM.GELELY ITYPE = WOTR ¢ FEET=, B (YHIN+YMAX)
IF{YCON.GE.YC) ¥YCON = ¥¢ DY=YTEST-YFL
IF(YCON.GE.¥C) FR » 1, YJ=¥MINJ+DY
CALL PROFI(N,YCOW,A,V,B.DH,TH R, FR, 1., XPN, NT, ERROR) YRSYMINK+DY
- CALL PROF3I(J,¥J,Ad .V, PJ, DB, TW)  XR,FR, 1., XPNI , RT, ERROR)
< CALL PROFL{R ¥R, A%,V,FR,DRK, TWR /XK, FR, 1. , XPME, NT, ERROR)
A=RARR+R1%AJ
10 WRITE (NT, 1000} IFF <
1000 FORMAT {1X,Al,/, 504, ‘CUT ALONG OUTSIDE BORDER* *',/, YBARA = RAXFMK + RIVAFMJ
COFER AV, /L TER, YY) c .
WRITE{NT,1001} V=/A
1001 FORMAT (10X, "+', 108{"="},'+'} AL=R*ALPHA (K] +RLTALFHA {J}
WRITE (HT, 1002} HODEL XH=RF*KMAN{K]) +R1SXNAN{]}
1002 FORMAT [2 (20X, " 17, 109K, " | ", /) ¢ 108, ¢ | "y 394, A3D, 40K, " '/, AHVSAL*V*V /54,36
. 10X, *|*%» IRREGULAR CHANNEL WATER SURPACE PROFILE ANALYSIS **+',
. 4&X,'Copyright 1983,1986 Advanced Engineering Software'. XPM = {0/32.18 * Q/A + YBARR) * 52,4
PR LY
¢ 10X, '|Standard Step Methad irregular channel', HVE = AHV
¢ ' analysig. Based on development in "OPEN CHANNEL' C
Q' HYDRAULICS™,CHOW{I1959){") TH=R*TWK+R]1*TH.J
WRITE{NT,1010}Q PrREPE+RL4PT
lo1e PORMAT (LOX " | STUDY WMAME: ', 44%,'Channel Tlaw = ', F0.2,' 2fg, Biwh/E
T 4X,.'PAGE NUMBER:', dx, ") DH=A/TH
WRITE (NT,1001) SFuXN®ANYYAY /2. 22/RIF*FE, 3333
WRITE [NT,1003) DX=DIST(1}
10021 FORMAT{10X,' | LENGTH| WATER | FLOW) FLOW | PLOW{', IF({L.GT.1)DX=DIST (L} ~DIST(L~1}
c o2 | TOTAL | HYDR |FRICTION| AVERAGE| REACHI|®, c
C ' LOSSIEDDYI TOTAL | 1"/ 10K,"| from iSURFARCE(', IF(KMODEL.EQ.2) DX = DISTS(N} - DIST(NE}
¢ 'DEPTH| AREL | v la¥ /29| HEAD |RADIUS| SLOPE |', TF{KMODEL,.EQ.2 -AND, LL.GT.1}0X = DIST(L+l] - DIST(L)
C ' HREACH |LENGTH| HE [LOSS| HEAD | Fr ['./, 4
€ 10X, 'ICONTROL) {elev.) | {£t) | (Ek*Eft) | {fps)| {££) | (fx} ', SFMu.5* (SF1+8F}
[+ & 4 5 | =13 ! :13 | ¢EEY | (EEYI{ERNIT  {ft) f " HE=wDX*SFH
WRITE {WT,1004) c
1004 FORBAT(10X,' [ i e [=====]" EDE = RAEDRY (K} + R1*EDDY {J}
c ' 1 | | il el I ED = ,5*(EDA+EDB}
L o el Inmerned bt I c
Cavennaresr+USE KINGS HANDBOOK (B-136) FORMULA HE = EOY (ABS(HVE — HVAY]
[~
TTEMP=1 IF{KMODEL ,EQ. 2)G0 TO 51
IF (RMCDEL ,EQ.2) ITEMP = N c
|5 H2T=H2+HE+HF
SF=XMAN (ITEMB) tXMAN(ITEME} #V*¥/2,2082/R%%1.3313 H1T=YTEST+ARY
AHV=ALEHA {TTEMP) *V*V/64. 4 TP (H2T~HLTY 30, 60,40
[ 30 YMAXK=YTEST
HVA = AHV GoTo 50
HVE = 0. 40 YMIN=YTEST
EPA = EDDY (ITEMPB) c
EPE = 0. C
< Go 10 50
fi1 aDCON+AHY 51 CONTINUE
H2=H1 H2T = HI-HE--HF
NODE=NFL [ 1TEMP) H1T = YTEST + AHY
YY=DCOU-Y {ITEMF  HODE} IF{H2T - HITIS1L, 60,513
WRITE (T, 1005 BI5TS 1 1)  DUON, MY L ALY BEY B R8T HLATIPE, FR <
1005 FORMAT (10X, "1'F7.1," 1" F7.2," [ ", F5.2,"[",FT.3, "7, 511 ¥YMIN = YTEST
¢ F5.2,'|',P6.3," ", FB. A, "L, P6. 2, ER.E, ] |*, , GO TO 50
c ! i | | " PB.I |, AL P42 ") ' 513 YMAX = YTEST
od 13 12=1.5 o m i, p——— e o mm—— JS—
13 IWTS { L1} «BLANK <
oo 131 1o=1,12 € REDEFINE ENERGY LEVEL IN CALCULATIOHNS
131 IWT (1T} =BLANR c
IF{ERRQH,EQ.{.)GOT0 151 O=- — ———
oo 14 I1J=1,5 50 CONTINUE
14 IMT{IJ}=I5T{1J} 60 H1=81T
[ H2=pl
151 CORTINUE C.ovran OUTPUT RESULTS
5 po 61 1J=1,5
Do 141 IJwb 12 &1 IWTS (12) =BLANK
141 INT (IJ)=IST{10+1J} Do 611 Id=},12
[ 611 I%T (1.J) =BLANK
€ C-—INI'T BUFF EACH LOODP IMCREMENT
Do 78 IJ=1.5 BUFF = '
T8 INTS {1J) =15T (12+10) [
% IFIRST=IFIRST+1 C
[ 1F {2 TEST LT . XLENE. AND, YTEST. LT , XRENK ) G010 10
17 NTEMP=] 0o §2 IJ=1,5
IF (EMODEL.EQ.2)HNTEME = N 62 IWT(1J)=LST(1d)
[ . 70 CONTINUE
WRITE{NT,2011) (IWT (12}, IJwG,10) (NTEME, [IWT {13} rLI=L,5) FR=SQRT {AL®WAY/DN /12,18
. ALPHA{NTEMP),XMAN{1}, (INT5{IJ),1J=1,5} . . I
1911 PORHAT:lnx,'!',sal,lz.‘I'.lx.snl.lx,'l‘Slp'l'.fxr'l'.5x. la=", HVAE = HVB
¢ FAL2, Y|, 8K, 01BN, Inmt PG4, T BRI TLEX, ). EDA = EDR
C OSX, ' heax, ', BX, ]y 5AL, M7 5F1 = SF
WHITE {NT,1004) c
C.nunes INITIALIZE SF1
EF1=5F
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ITYPE*BLANK
TEST=ABS({1.-FR}
TF[TEST.LT..01) ITY¥PE=HOTRF

c
o
IF{RMODEL.EQ.1 ,AND. ¥N.GT.YCIGO TO 77
IF {RMODEL.EG.2 .AND. ¥YN,LT.YC)GG TO 77
IF(KMODEL.EQ. 2} GO TO 751
<
c
Dot 75 13=F,5
ES IWTS{IJ)=I8TIIJ+5
[y
GD TO 753
181 CONTINUE
0o 752 TJ=1,5
IMTE (IJ} = IST(22+1J)
52 CONTINUE
C
753 CONTINUE
c
C
77 CONTINUE
c
XDISTL = LISV (L)
. IF{KHODEL.FQ,. 2} XDISTL = DISTS (N} - XDESTL
WRITE [NT,10DE) KDISTL  YTEST DY, &, V, AV, 11, Rit, SF, SFM, D%, #F,
HE, H2T, ITYPE,FR
[+
1006 FORMAT (10K, " | ", F7. 1, " | F7. 2, 1" F5.2," [ " FT.I,"|",
COFS.2," | F6.3, " " EB.3, 1T, FG, 2, | " F&.6,"|",F8.6,"|",
TOFB.Lle M| FS.2, N FL2, L FBUE, T TLALLFAL 2 )
Covsnnno.BEE IF LOCATION =CROSE-S5ECTION
LF{DIST(L] ,EQ. DISTS{J}.OR.DIST (L), EQ.DISTS (K} 1GOTG B2
GOTO BS
C
g2 O HY 1J=6,12
B3 IWNT (LI} =L8T(10+1)
IF{DIET(L) .EQ. DISTS{J)) 1SEC = J
IF{DIST{L) .EQ. DISTS(R]) ISEC = B
WRITE [BYFF,95) (IWT{IJ},13=6,1D0],ISEC
EE] FORMAT {581,12)
s
3 CONTINUE
C
c

WRITE(MT,1012)BUFF, {1WT(LJ),IJ=E,5),L,
€ AL, KN, XPM,ED, {1WTS(1J),IJ=1,5%)
L0r2  FORMATVLOX, ', A7, [, 1% 581, 1%, " [ ' "EB' 03, 7", 70, "1, 5%, Y la=",
C Fa, 2. ' 8K, | %, " In=",F6. 4, "', "P+M=",F11.2,"| ", 5K,
SO te=t L PSRN, TN LSRN
C
WRITE{NT,1004)
Cuvuer v PAGE COSMETICS
ICOUNT=TCOUNT +1
IF{ICOUNT.LT.13]1GOTO 100
WRITE (NT,1001)
IF{KMODEL.EQ.1 .AND, L.EQ.NE}GD TQ 200
IF(KMODEL,.EQ,.2 ,AND. L.EQ.1 )GO TC 204

WRITE(HT, 1000} IFF
WRITE (HT, 1001)
WRITE[NT,l0D2)
WRITE[NT,1010)0
WRITE [NT,1001)
HRITE {NT,1003)
WRITE(NT,1004;
1COUNT=0
ino CONTINUE
L END Of STUDY, BUT 1N WIDDLE OF PAGE....FINLSII OFF PAGE
HREH=]2-TCQUNT
DO 150 Kel, HREW
WRITE [HT,.1007)
WRITE (NT, 1007}
1007 FORMAT (10X, "1", 7. "', 7%, "1",5%,"
LN BX T EX,ETL B, BRI,
BX,TET,5H, Y
WRITE(NT,1004)
150 CONTINIE
WRITE(NT,1001;
210 CONTINUE
WRITE{NT,2000)
2000 FORMAT (/)

[ Xs]

RETURN
END

SUBROUTINE FROF3{L,YDEFTH,A.,¥,F,DH,TW R,FR,S,XPH,NT,ERRCR]

CALCULATES CROSS-SECTION #1. FLOW

GEOMETRIC DATA GIVEN
PARAMETERS, & FLOWDEPTH:YDEPTH

COMMON/BLE 1/% (50,20} ¥ {50,28) ,HFL {501 ,M(50)
COMHON/BLE 2/DISTS (50),ALPHA{S0) ,XRAN (50}, EDDY [ 50)
COMMOM/BLE 3/TOL,0,N,DIST (200}, N8, KMODEL

[ Xnl

HYPOT (B, C}=([B*B] +{C*C]}**.5
ERROR=0,

YBARA = .

KPM= 0,

Tal,

P=t.

=0,

TH=0.

Amd.

EE=M{[}~1

DO 200 Jel,ER
IF{{YDEFTH.LE.Y(1,J]1).AND. [YDEPTH.LE.¥ {1, {J+1))))GOTO 2¢0
HQIF=X{i, {J+L}]-X(L,J}
YRIF=Y (I, {J+1})-¥(I,J}

IF{¥DIF})150,15Q, 160

150 YDIF=-¥DIF
YUP=Y{I.J]
YLOW=Y (1, (J+]1)}
GOTD 17¢
160 YUP=Y{I,(J+1})}
YLOW=Y (1,J}
170 TEMP=YUP-YDEPTH
1P (TEM®.LE.D.)CGOTO 155
GOTS 165
4
1%% A= {ABS (YDEPTH-YUP ) *XD(F ) +{  S*ADIFTABS (YDF) )
<
FE=AYPQT {XDIF,YDIF}
TWEH=XDIE
FeP——
OYBARA = .S*®{YDEPTH-YOR} ¢ (YDEPTH-YUE) » XINF +
{RBE (YDEPTH-YUP) + ABS{YDIF)/3,] * .S5*ABIF*&BS (YDIL)
o
GOTD 138
C
165 IF{ARS{YDIF) .LT. .002)GOTO 1%5
C
TOEEF=YDEPTH-Y¥LOW
THTHWeXDIF* (YDEEP/¥YDIF)
AR=, 5*YDEEF*TWTW
PP=(YODEEP/YDIF] "UYPUT (AD1F,¥DIF)
[
DYBARA = {YDEEP/3.)*aA
[«
198 A=A+RA
P=B+PE
TW=TW+TWTW
3
YBARA = YBARM + DYHARA
<
200 CONTINUE
c
1F{P.LE. .0L)WRITE({NT, 22D
C
e
220 FORMAT {1X, "NOTE: FLOW DEETH EETIMATE OF WETTED PERIMETER °,
L'IS LESS THAN .001%,/1X,
L 'SUGGEST: (1} ADRDING MORE EMERGY BALANCE LOCATIONS',/1X,
Lt {2) CHECKING TR{OSS-SECTION DATA',/IX,
. 'NOTE: WETTEt PERIMETER SET TO .0) FEET, '}
[
[
TEIPLLE. L0 B =01
¢
R=ASP
V=0/A
DH=2/TH
ER=SORT (BLEHA{I I *¥*V/32.1B/00)
PP ———
XEM = YEARA
Commrwrmmm e
180 CONTINUE
Covrnans CHECE FOR OVERFLOW
KE=KE+1
c
£ ERRDR=1 =3> FLOW AHOVE CMAHMNEL CONFLNES
5
1F(YDEPTH.GT.Y (L, 1) JOR.¥YDEPTH,GT. Y [1,¥K] ) ERROR 1.
=
¢
RETURN
END
c
[
[ mmmmm e e mmm e e e m e = = = m T R = A RRdR o ot remin Do € o Do m o
SURRDUTIME PROPA{ILYC, YN J, K, NT AV, BH,FR, ERROR)
©  memm—— I .
C
Cuveww.-DETERMINES DT AND DN ELEVATION AND SURROUNDING

Cunsne- SECTIONS “"J" AND ME"
Coavaseal 15 INDEX TO EMERGY-BALANCE LOCATION

Covnnnnn I=0 TMPLIES CONTROL SECTION ANALYSIS
c

C

S 1=0 =3 DOWNSTREAM CONTRUL

C I=1000 => UPSTREAM CONTROf.

c

[ FIND J AMD ¥:

c

COMMON/BLE 1/X(50,20),Y (50,20}, HFLfS0) (50}
COMMON/BLE 2/DISTS {50} ALFHA(58) , XMAN(50) ,ELDY (503
COMMON/BLE 3/TOL,Q,N,DIST[200},NE,KMODEL

LRl

Dhe. 01
L=2
LF [1.EQ.D)GOTO 15

DIt = DISTS{H} - .01

L =N

IF(I .EQ. l000)GO TO 15
IF(I.GT.0)DBD=DIET{T}

Bo 10 L=1,R
IF(DD.GT.DISTS (L)) GOTD 10
GoTO 15

] CONTINUE

15 J=L-1
K=L

L - GET LENGTH RAT1O R
R«=(Db-DISTS ()} / (D1STS (K) -D1STS 1d1)
Rl=1.-R

Coavie . FIND ¥C
JFL=NFL{J}
FFL=NFL (K}
YMINI=Y [J,JFL!}
YMIRE=Y (X,KFL}
YHINWRSYMIRE+R1*YM1ND
YFL=YMIM

¥HAX =¥YMIN+250.
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T /5%, "flowdepth in the channel, Similarly inp & supfreritical ',

AL=R*ALFHA (R} +R1*ALFHA [.J) »"Elow mogdel',/5X,
< -'vritical depth is assumed as 3@ maxamum flow depth, Conme'
DG o0 Leal, 18 L'quently, ', /5K,
c »'rapidly varied flow effects, hydrawlic jumps, and transiticns',
YTEST=. 5% (YHIN+YHAK) -' hetween®',/5X,
DY=YTEST-YFL . "flow regimes ARE WOT [NCLUDED tn the PROGRAM, '}
¥I=YMINT+DY WRITE(NT,30}Q, N, NE
YE=YMINK+DY k1] FORMAT{/5X, 'For this study, the followiny intormation 15 used:’,
TALL PROFI{J,YJ,AT,V,PJ DHI,THI,XR,FR, 1. XPM,NT, ERROR} LF10K,'Channel flowicks) = ',FE.1,/10%,
CALL PROF3(E,YE,AE,V,PR,DHE,THE ¥R, FR, 1. XEM,NT, ERROR} +'Humber of channel creosg-sections = ', I12,/14X%,
?;E;tg;ﬁi;?iTua . 'Mumber of Energy-Balance lecations = ', 12}
PaR*PRFR]*E IF (KMODEL.EQ. 1 JWRITE{NT, 32) ¥COM

IF (KMODEL.EQ. 2} HRITE(NT, 331 YCON, ¥

g:::;zu 32 FORMAT{/5X  'COMPUTER, RESULTE ace nased upon SUBCRITICAL flow ',
v=g/a o e e T levatin {feet) = ',FR.2,* at

Yy - Cconkro W er surlace elevabtlon ee = . -2, at .
TN

20 YMAY=YTEET kR FORMAT {/ 5%, 'COMPITER RESULIS are based uwpon SURBERCRITICAL fluw',
GOTD 100 +' mpdel wikh asaumed',/8x, ) ]

40 YMIN=YTEST .:cgntral water ?urface elevatjont{feet) = ' FHE.2,' at ',

.'cross-section ', 12)

100 CONTTHUE WRITE (MT, 401

1x% YC=YTE§T‘ a9 FORMAT( /5%, 'Special notation given 1n the cumpurer resulbs are’
F3=50R1‘EHJ ' as follews: !, /10X,

Corerr . GET ¥H 2'{l} SECT.,...the Sectioh number appeais in the first cglumn’',
AN=R*XMAN (K] 4R1AKRAN (1) Lf13%, "whenever the energy-balante channe) location vocurs',
SLOPE=(YMINK-YMINI )/ (DISTS (K -DLSYE (J)) _723K,'at one of the defined channel eross-sections.®,/ 10X,
*H=0, ."{2) FLOQD,....this word appears in the spcgnd column whepever °,

N IF(I.EQ.®)IGoT2 I00 L'the', /23K, estimated flowdepth exceeds either bank of the',/ 23X,

© '<hamnel section.', 10%,

S -'{23) EB..,,...the energy halance number is listed in *,
{F{SLOFE.LT. .0000]}WRITE (RT, 77} Srfealumn 3.', /10K, -

77 FORMAT (3%, 'CHANMEL SLOPE ASSUMED AT FROGHAMMED DEFAULT VALDE', JVId) PAML L. .. the pressure-plus—momenkum (in pounds’,

- ' OF L0008l L' torce) ', /2124, '35 provided in columpns 16 and 11.0,/10X,
IF{SLOPE .LT. .DOOO1}SLOPE = .DUGO] -"i{5) STEEP....this word appears in the last column whencver the',
¢ ./23%,'Channel Critical Depth exceeds the Normal Depth,',/10%,

< .'{6) MILD,....this word appears in the last celumn whenever the',
EACT=) . 486 /XN*E0RT (SLOPE) F13,'Chanmel Crivical DEpEn 15 less then the computed’, /21X,
YMIN=R*YNTHE+E1*YHINTG .'Normal Depth.')

< c
FMAK=YMIN+2T0, [y

[ <
DO 200 L=1,18 RETURN
YTESTw. 5% (YMIN4YMAX) END
DE=¥TEST-YFL ©
Y I=YMINJ+DY C
¥E=YMINK+DY S S
CALL FROFI(J,YJ, 8D,V PD, DI T, XR, FR, )., XPR, NT, ERROR) SUBROUTINE PROFE {NT, THEAD, ICOM, IFILE]

CALL PROF3I(K, 7K AK,V,FK,DHK, TWE, XR,FR. 1, ,XFN, BT, ERROR] R L .
ATREAKARLYAD :

r=R*PRIRI*PJ CHARACTER BUFF14%,BUFF2*B

RU=A/P COMMON/BLE 1/K (50,200 ,Y(50,20) ,NFL.{50}.M{50)

UTESTeFACT*A*RI**, 6667 COMMON/BLE 2/DISTS(50), ALPHA(S0) , XMAN(S0Y , EDNY (5D

LE LUTEST=] 154, 220, LB0 COMNUN/BLE 3/TOL,Q0,N,DIST [200) , NE, KMODEL

150 YMIN= Y TEST COMMON/MISC/TFF
GOTO 200 [

140 YMAX=YTEST '

zae COMTINUE Cuuuvny JOUTEUT CROSS-SECTIONS

220 YH=YTEST e

00 CONTINUE c

= WRITE[NT, 10} IFF
RETUWHD 10 FORMAT{1X A1)

ENE WRITE{NT, $}

- 4 FORMAT (1X,78{"_"1]

c WRITE (NT,5) .

L ittt TTTmTwemommo Mo s oo 5 FORMAT(1X,76¢"+'})

SUBROUTINE PROFS [NT,YCON) I

[ - WRITE(NT,161}

c c

i <
COMMOM/RLE 3/ TOL, O, 0, DI5T (200] NE, EMODEL WRITE[HT, 6}

¢ WRITE (NT, 7}

U T FORMAT (5X, 'CROSS-SECTION INFORMATLOM: '}

WRITE [NT.10] WRITE(NT, )

1o FOMMAT (16X, ' IRHEGULAR CHANNEL WATER SURFACE FROFILE ANALYS1E®, ¢
AA/5%, 'Study Name: ', 494" _"1, 4%, 'Page Number ____ '} <
WRITE (NT, 11} Do 50 Kel M

1 FORMAT (//5%, 'The following study is based on the well known ', WRITE(NT, 201K, XMAN (X} ,ALPHA (K} (EDOY (K} ,DISTS {K} L

, "STANGARD STEP METHOD to',/5X, 20 FORMAT {5X, "INFORMATION FOR CROSS-SECTION NUMBER: ', L3./,
_tanalyse grtadually varied flow in ap irregular channel. Bnergy-', C 5%, 'MANNINGS FRICTION FACTOR = ', F6.5,/,
head', F5X. ¢ 5X,'KINETIC ENERGY COREECTIANM FACTOR = ' F5.3,/.
.'toszes and corresponding notation used in the program are as ', C 5%,'EDDY LOSS FACTOR = '.F5.3:/,
LCfollows: ', S1DK, ; € 5%, "DISTANCE{ft,) TO CROSS-SECTION #1 = ', F8.Z,/}
L CFRICTION LOSSES: n = Mannings friction faceong ./108, MM=H (K}
,TEDY LOSSES: e = eddy loss cocflicient', /10X, ; wg[TELuT}z?l ] ] o \
. 'EINET1C ENERGY',/10x, 28 . FORT&T!SX, NODAL gotur L?OHDI?ATE 1NPOEHBT10N: s
LCORRECTION FAUTOR: a = correction factor '} < gg.}gogg fOAA.Sx. Xifr. b ' 4X,"Y[elev.} ")
ITE(NT 1S al,
33 ggRHh;{KgX.EThE PROCRAM determines qradually varied Flow warer', WERLTE (RT, 3L VRN WK, KEY L (R KR
. surface elevations', /5K, 3l FORMAT (7% ,13,7x F7.2,5%,F7.2)
.‘by balanciny the classical energy equation between user—"', 20 52?:;?35 o
L'specified’, /5% .
"'Ene:qy baiincé" Jocatiens. all gegmercic and patametac infor', & FORMAT(LE, TR (T ="14)
.'maticn is',/5X, i B FORMAT(IX, 76"}
.'a-eraged between defined channel cross-sectiens by skraight ' E1 ggﬁgéng 163
.'lipe! '
.'i;:er;giiéiun,'l 163 igigtfééfén;
1T 20 [ .
20 ?gﬁui;?;éx,!Tnﬁ ONLY LOSSES INCLUDEDR AHE FRICT1ONM AND EDDY *, 60 FORMAT (5%, "USER-SPECIFIED ENERGY-BALANCE ?HaNNEL LOCATIONS : b
. 'LOSSES, The analysis',/5X, C ./, 10X, "ENERGY BALANCE DISTARHNCE TO .K:
.'Eagmulation and prezentation 4f regults follow the deyelagp', LV 143 ) "LOCATION WUMBER CROS3-SECTION #1')
.'ment given in?,/3X, WRITE(NT,£1) {I,DIST({I},I=1 ME}
. ""OPEN CHANNEL HYDRAULICS™, by Chow{l353),') &1 FORMAT {18X,12,13X,F8.2)
WRITE{NT,23) WRITE (NT,§6)
24 FORMKT { /54, "The PROGKAM wil) defagit to a flow-geptn of Ckit', CONTIROE
.'1CAL DEPTH whanever the',/%5X, ) § .
,'Elow regime changes between SUBcritical and SUPERcritical flow', g FORMATS
L ler vice /5, ; i ion is * o ‘IKREGWLAK CHANNEL WATER SUKFACE PROFILE CORPUTATION',
.::ngaiéxTherefo:e, supercritical water suriace inkormation is ', 161 _/7:?3?3Rl;3§ERITlan e CERCRINICAL) FLOM by THE STANDARD STEP
- e/ 3y . . ; iri ' . "METHOD ", / /6%,
:cgsfﬁszg-i?s; supcritical flgw models nor 1¢ subcritics) water!, .'{REF,:'OﬁéN CHAMNEL FLOW HYDRAULICS®,V.T.CHOW,MCGRAW-HILL.',
- ’ Ll '+
.tinformation develeped in a supercritical flow model. In a ', . l?g::;;[}x 60—
L Tspberiticalt, /5%, ébz .
.'flow model where Flow may be supercrikical, critical depth 1s', RETURN
. aseumed', /5%, END

.'as & minimum [low depth whichk exceeds the actual supercritical’.

154 MICROSOFTWARE FOR ENGINEERS, 1887, Vol. 3, No. 3.



{ABSY} :
Irreqular Channel
Subcritical Flow
Analysis
Study NHape . Page Numbar

The following study is based on the well known
STANDARD STEP METHOD t0 analyss subcritical flow in an
irreguliar channel. Energy—haad lomses and corresponding
notation used in the program are &g follows:

FRICTION LOSSES: n = Mannings frictien parameter

EDDY LOSSES: ¢ = eddy loms cosfficient

RINETIC ENERGY

CORRECTION FACTOR: a = correction factor

The PROGRAM detetrminea subcritical £low water

surface slevations by balancing the classical enexrgy
squation between specified channel locationa. All
geopetcic and parameter information is averaged between
defined channel cross-secticns by atrajight=-iine
intacpolation,

THE ONLY LOSSES INCLUDED ARE FRICTIOM AND

EDDY LOSSES. The analysim formulation and presentation
of reaylts follow the development given in

"OPEN CHANNEL HYDRAULICS®, by Chow{l1959).

The PROGRAM will default to a minimum flow-depth

of CRITICAL DEPTH, where the Froude number (Fr)

equals one {1). Therefore, gupercritical water

Jurface information i6 not computed in thim program,
In reaches of supercritical flow, critical depth is
aspumed ag a minimum flow depth which exceeds the actual
supercritical flowdapth in the channel.

For this study, the following information is uged:
Channel flow(cfs) = 1400.0
Number of channel cross-pections = 4
Nupber of Energy=-Balance locatiomns = 11
Special notation given in the computer results
are as follows:

(L)FLOOD....thia word appears in the first column
whenever the estimated flowdepth exceeds either
bank of the channel aection,

[Z)STEEP....this word appears in the lagt column
whenever the channel Critical Depth exceeds
the Normal Depth. Because this program
is intended only for snberitical flow,
sypercritical flow is modeled with flowdepths
equal to or greater than Critical depth.

This simplification results in conservative

RODAL POINT CQORDINATE INPORMATION:

NODE WO, X{ft.)
1 .00
2 2¢.00
3 25.00
4 45,00

Y{elav,)
11¢.00
LGS .00
100.Q0
110.60

INFORMATION FOR CROS5-5ECTION NUMBER: 2
MANNINGS FRICTION FACTOR = ,03000

KINETIC ENERGY CORRECTION FACTOR = 1.100Q
EDDY LOSS FACTOR = Q00

CISTANCE(ft.) TO CROSS5-SECTION #1 = 500.00

HODAL POINT COORDINATE INFORMATION:

NODE HO. X(fe.)
1 .00
2 19.00
k] 22.00
4 46.00

INFORMATION FOR CROSS-SECTION RUMBER: 3
MANNINGS FRICTION FACTDR = .03Q00

EINETIC ENERGY CORRECTION FACTOR = 1.100
EDDY LOSS FACTOR = 004

DISTANCE(ft.] TO CROSS-~SECTION $1 = 850.00

NODAL POINT COORDINATE IKFORMATION:

NODE NO, Xift.)

.00
34.00
37.00
77.00

Ll

Y{elev. )
135.10
123.175
125.00
135.400

INFORMATION FOR CROSS-SECTION RUMBER: 4
MANNINGS FRICTIOK FACTOR = .030010

EINETIC ENERGY CORRECTION FACTOR = 1.1Q0
EDDY LOSE FACTOR = 080

DISTANCE(£t.) TO CROSS-SECTION #1 = 1004.00

NODAL POINT COORDINATE INFORMATION:

NCDE NO. Kift.)

.00
34.50
317.50
B2.50

LR S

Yielev.)
136,00
124.50
1327.00
136.00

channel flowdepth eatimations, However, supercritical ENERGY BALANCE

flow effects including hydraulic jumps are

HOT MODELED SCCURATELY,
(3)5ECTION, .thig ward appears 1n the seceond column

whanever the energy-balance channel location

gocurs at one of the defined channel cross-gections.-
ll'!l'l'!ll'lll'II*Il'!l't‘I"'.l"‘l“‘“-'."-“*"ﬁ."l’lI".l’.'ﬂ‘l“.ll’

CROSS-SECTION INFORMATION:

LA LA R AR L LE LS AL LA Rl LR iRl Rl R st et PRy XY

IHPORMATION FOR CROSS-SECTION NUMBER: )
MANNINGS FRICTION FACTOR = ,03000

EINETIC ERERGY CORRECTION FACTOR = 1,108
EDDY LOSS FACTOR = {00

DISTANCE{f:.] TO CROSS~SECTION ¥l = .00

LOCATION NUMBER

DD D i

1o

DISTANCE TO
CROSS-5ECTION #1
100.040

1609.00
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USER-SPECIFIED ENERGY-BALANCE CHANNEL LOCATIONS:

LAL A AL FE L e Tl L L TR R LT TR Ly R T T e g e A Ry

*** {AES): IRREGULAR CHAKMEL SUBCEITICAL FLOW MODEL 2%+

ETUDY NAME:

Channel Flow = 1000.00 cia PAGE HUMBER1

| LENGTH| WATER | FLOW}{ FLOW FLOW| 2

TOTAL | HYDR |FRICTIOM| AVERAGE| REANCH{

!

|

}

I

Standard Step Method irregular channel analysie. Based on development in "OPEN CHANNEL HYDRAULICS®,CHOW(195%)(
. 1

1

1

1

1

LOSS |EDDY| TOTAL

|
| Erom |SURFACE|DEPTH| AREA vV |av f2q] MEAD |RADIUS| SLOPE REACH |LENGTH| Hf |LOSS| HEAD | Fr
{CONTROL | (edev.} | (fe)|(ft*Et) | {Eps)| (EL) (EE} | (fe) |  SE SE {EE) | (Eepi{EEy| {EE1 |
N | I -—-- |
.06 105.91) 5.91 99.4110.06) 1,7291 147.63%| 3.16{ .0OBEES 1 | 167.63%] 1.004
| | | a=],18 fne 0300 | 1 |GIVEN|

|
|
|
i
|
| a=1.149

| i | i
100.0( 107.21| G.TII 123.5] 8,100 1,121| 108,3351 3.47| .005061] .006973] 100.4j
| | i |

In= 0300

| !
6971 .00] 10B.336( .77|
e= .00 1 I

f-momme R |
| 200.0] 107.73| 6.71 123.6] 8.99%] L.119

|
104.845 3.42| .005155] 005108} 104.4

|
.5111 .00]| 108.846]1 .7B

| SECTION a=1,10

|n= ,03100

e= 00

!
I
f H | a=1,10 |n= 03008 e= .00 :
| I | | _—
00.0¢ 10B.26] 6.78 124.4] 8.04] 1.105] 109.362 3.38{ .00S5177| ,00516&| tod.o] (5170 .00| 109,352 . TBI
| | I a=1.10 jn= 0300 :- .00 ]
1 | 1 1 1 it | 1
400.0f 198.7%] 6.79 125.4] 7.97| 1.087]| 109.880 3.34¢ .005171) .O05174| 100.0] ,5)7} .00| 109.879%] .7B§
| [ la=1.161 ] fnw .0300 I I T- .o? I :
| | [ ===
500.0] 10%.33] 6.8} 126.5F 7.91| 1.068) 110.398] 3.30| .005158} .005164] 100,03 ,516| .00 110.397| .?8!
1
]

a=1.10

| 1 |
600.0] 114.63) 6.06] 105.4]| 9.4%) 1,538} 116.17¢ 2.89| .COBBEL| .007049) 100.0

In= .0300

J701] .00 111.099[*1.00|
a= QQ STEEP|
l et | }

a=1.10

| |
TO0.01 13D.62] 5.981 107.4] 9.31] 1.482] 122.106) 2.B1]1 .0GBB7S5{ .o084858] 100.0
|

in= 0100

L887) 00| 117.057(*1.0¢]
a= 00 ETEEFP|

a=1,10

800,00 126.62] 5.911 109.3] 9.15[ 1.431] 128.054F 2.731 .008892| .006A64[ 100.0

n= 0300

|
.BBB| .00| 122.994|*1.00}
&= 00 | ETEERT

850.01 129.63) 5.88 110,3) 9,06| 1,404
{SECTION| a=1.10

131,032] * 2.70) .DOB8&E] .00BET7Y| 50.0

a= .0300

i |
900.01 130.24) 6.24 119.3§] 8.38] 1.z200
f

a=1,18

131.438 2.76

t
} .B0YISS| 008110 50.0
In» .0300

-—== | i
LA44d] ,00] 12B.4%B(*1.00)
e= D0 STEEF |

| !

LA06] 00| 131,437 .91
em 00 )
|

BECTION 1 a=1.10

|
1e98,.8| 130,968 6.48) 116.4] 8.45] 1.220] 132.202 2.65| .007902) ,007628{( 100.0

o= .0300

7631 00| 1332.20) .93
e Q0 i
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