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Subject: Use of an e+ectronic canputer to obtain flow nets for 
a channel with 90° into-the-flow offsets 

PURPOSE 

This study was made to develop a canputer program for evaluating 
an exact mathematical. expression for flow in a channel with various 
90° into-the-flow offsets. The program would be used to canpute 
the pressure coefficient, the vertical. and horizontal. components 
of the relative velocity, and the resultant relative velocity at 
any point in the cha.Dnel. 

CONCLUSictlS 

1. An electronic computer can be used effectively to evaluate an 
exact mathematical relationship for flow in a channel having 90° 
into-the-flow offsets. The graphical representation of this eval­
uation yields the desired flow net. 

2. The canputer program can be used to obtain the pressure coef­
ficient, the vertical and horizontal. com;ponents of the relative 
velocity, and ~e resultant relative velocity at all points 1n 
the flow. 

3. The flow net can be used to determine the proper placement of 
measuring stations that are essentially unaffected by the offsets 
and to qualitatively obtain the distribution of pressure and 
velocity around the offset. 

Diagrams of streamlines a.Di velocity potentials, camnonly called 
flow nets, are used to obtain greater insight into the dynamics 
of fluid problems. For instance, flow nets have been used quite 
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successful.l.y to obtain the distribution of pressure on streamlined 
struts, as well as predicting the discharge coefficient for flows 
over weirs or under gates. Flow nets have also been used to deter­
mine the distance that a measuring point must be placed upstream 
from a pier or other flow disturbing element to yield results tbe.t 
are essentially free from the effects of the disturbing elements. 

The determination of a flow net is generally acccmplisheq. by means 
of mathematical evaluations of the ccmplex potential of flow, 
graphical and rela.xa.tion techniques, eleftiical analogs, numerical. 
integrations, or by Monte Carlo methods.!/~ Exact mathematical 
solutions can be derived for certain simple configurations, but 
the exact solution is generally too complex to evaluate in a. rea­
sonable length of time by manua.l methods. Due to the laborious 
procedures that a.re genera.lly required to obtain flow nets, the 
nets are frequently not ful.l.y utilized in the dynamic analysis 
of fluid problems. However, the laborious and time-consuming 
pa.rt of these methods can be elimimted through the use.of elec­
tronic coorputers. A ccmputer can obtain flow nets using· any of 
the previously mentioned methods with the exception of the graph­
ical method and the electrical anaJ.og. 

An examp1e of the successfuly application of electronic computers 
to evaluate the mathematical expression for a flow net is found 
in a. recent study concerning cavitation. This research study was 
conducted by the ~a.ulics Branch, Bureau of Reclamation, and 
consisted of raising various offset shapes into the flow through 
a recta.ngul.a.r cond.ui t. The upstream pressure and the velocity 
required to cause cavitation to fonn at the offset were observed 
and recorded. · 

The piezameter tap used to determine the upstream pressure was 
by necessity located only a short distance upstream from the 
test section. . It was not known if this tap was far enough upstream 
to be essentially free fram the effect of the various offsets. 
Therefore, a flow net solution was obtained for the case of a 90° 
offset. The 90° sbe.pe was selected because it produces the most 
pronounced effect on the upstream measuring station. The flow net 
obtained indicated the magnitude of error that could be expected 
in the measurement with various ratios of offset heights to pas­
sage heights. A good correlation with the flow net solution was 
then obtained through an experimental verification. The experi­
mental and analytical studies indicated that a flow net could be 
used to est:llllate pressures and velocities in the vicinity of' the 
offset. 

'¾./Rouse, H., "Engineering Hydraulics," John Wiley and Sons, inc., 
New York, pp 15-22, 1950 
!IMcNown, J. s., Hsu, E. Yih, c., "Application of' the Relaxation 
Technique in Fluid Mechanics," Transactions ASCE, Volume 120, 
pp 650-686, 1955 
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This report is a presentation of the above example and includes 
the general mathematical expression, the computer program, solu­
tions for two distinct offset ratios, and the experimental veri­
fication. 

mvE8l'IGATION 

The investigation consisted of two parts. The first dealt with 
the theoretical case of flow with an ideal fluid and included 
considerations concerning the derivation of the general mathematical 
expression, methods used to ccmpute the pressure coefficient and 
the relative velocity at a.ey point, a ccmputer program to evaluate 
the mathematical expression, and examples of flow nets for two 
discrete offset ratios. The second pa.rt compared the theoretical 
results with those obtained experimentally, using pressure coef­
ficients as the basis for comparison. 

General Mathematical Expression 

With an ideal fluid, the flow is assumed to be incompressible arid 
nonviscous. For purposes of q.eriving a.n expression for flow past 
an offset, the flow is also assumed to be steady state and two­
dimensional. That is (1) the quantity of flow ~t a point 
neither increases nor decreases with time, and (2) the flow is 
considered to lie in a plane with no secondary fl.ow entering or 
leaving that plane. 

For purposes of clarity, the following definitions of standard 
terms concerning flow nets are summarized as follows: 

V=V +Vi 
1 2 

is a complex number denoting the 
velocity vector of a particle of 
fluid at any point (x,y). The 
x and y components of velocity 
are v1(x,y) and v2(x,y), 
respectively. 

is the VELOCITY rormI'IAL, and 
curves of ~(x,y) = c are 
EQUIPCY.l!Eif.rIAL LINES. The function 
~(x,y) is called the "velocity 
potential" because of the relations: 

V = o~/ox and V = '?xp/oy 
1 2 
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F(z) = ~(x,y) + v(x,y) 

F(w) • ~(u,v) + v(u,v) 

is the Sl.'RFJ\M FUNcrION, and curves 
Of t(x,y) = C are fJ.I!REAMtmES. 

is the COMPLEX PamNrIAL OF FLOW 
in the z plane (ree.1 plane). 

is the COMPLEX: PCY.rENI'IAL OF FLOW 
in the w plane ( canplex plane) . 

A FLOW Nm is the graphical representation of the complex 
potential of flow. 

The subscript o refers to points in the zone of uniform flow; 
no subscript denotes points in the region of altered flow. 

A detailed derivation of the general expression for the complex 
potential of flow past a 90° offset3 f;t9- be found in most standard 
books on Theoretical Hydrodynamics • .::!I~ Therefore, only the most 
important parts of the derivation are- included in this report. 

The derivation is based on the Schwarz-Christoffel Transformation 
which can be used to transform a source at the origin of a. real 
plane into flow past an offset in a complex plane. The following 
sketch illustrates the transformation in which the x-axis in the 
real plane is transformed into a four-sided polygon in the imaginary 
or canplex plane. 

y 

Real 

Flow 
~ 
Vo ..,, 

I 
I 

hv 

w -=ru 
Complex (w planer 2 

.!/Churchill, "Complex Variables and Applications," McGraw Hill, 
2nd E:1.ition, 196o 
~Milne L M Thompson "Thea-etical u,..=1 ... ...,:i,,.,.. ..... -1cs," 'l.r--u .. ,, __ , • • , , ~ ~"'"4V'Jo.J~ ~---·~, 

Com.pa.Dy, New York, 1950 
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Through the use of the transformation and knowing the complex 
potential of flaw for a source, the following two equations are 
derived: 

( l+s) (h+s) u+vi=hln - -ln -1-s h-s 

These equations give the implicit relationship between the complex 
potential of flow past an offset and coordinates in thew-plane. 
In other words, given values for ~/v0 and v/v0 , a value of s 
can be canputed, where s is a ccmplex number. The value of s 
when substituted into Equation (1) gives the values of U and V 
that correspond to the assumed values of ~/v O and v /v O • These 
are essentially the steps performed by the canputer in evaluating 
Equations (1) and (2). . 

Three :llllportant observations concerning the flaw, which arise 
through the detailed derivations, are: (1) at w3 the velocity 
becanes infinitely large positively, (2) at w2 the velocity is 
zero making w2 a stagnation point, and (3) the total pressure 
on the vertical face of the offset is infinitely large negatively. 
Observations (1) and (3) clearly indicate that the flaw net cannot 
be used to obtain meaningi"ul results on the offset face nor in the 
immediate vicinity of the offset corner because real fluids are 
not physically capable of producing these results. However, at 
all other points in the flaw net, conditions are compatible with 
possibilities that might occur with the flaw of real fluids. 

Relative Velocity and Pressure Coefficient 

Two methods are given to canpute the relative velocity and the 
pressure coefficient. The first method is approximate and usually 
is used when the flaw net is knO'WD and the mathematical solution 
is unknO'WD. The second method is exact, but restricted to flaw 
past a 90° offset. However, similar expressions can be derived 
for other cases in w~ch the mathematical expression is known. 

5 

(1) 

(2) 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Approximate Method- Let 6s be the incremental distance between 
equipotential lines, and 

6n be the incremental distance between 
streamlines. 

Through the detailed derivation it was found that 

or 

Therefore, since the velocity is a function of cp (fran the 
definition of terms): 

Ta.king e9,uaJ.. increments of 6cp and 6t (ma.king the flow net 
"square"} and in a.ddition letting the point "a" represent a point 
in the zone of altered flow and the point ''b" represent a refer­
ence point in the zone of uniform flow, yields: 

The pressure coefficient can be obtained by writing Bernoulli's 
equation between two points of equal elevation and assuming no 
loss of energy between the two points. This yields: 

or 

and 

p - p 
a b 1 
p ~/2 = -C:) 

6 

(3) 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Again, with "a" and ''b" as defined above, the pressure coef':ficient 
becanes: 

c. =: ~;; = )_ -( f. J ~ )_ -(':· J -)_ -(:: J (~) 
0 

Thus, Equations (3) and (4) give the approximate values of veloc­
ity and pressure coefficient at arry point with reference to a 
tixed point. The incremental uni ts are taken fran measurements 
on a flow net. A knowledge of the mathematical. relations of 
Equations (1) and (2) is not needed to solve for Equations (3) 
and (4). 

Emct Method. 'l'he following equation is derived as a part of the 
detailed derivation: 

Vo ( z - h2 )¼ Vos 
V -Vi=-h l •-. 1 2 z- h 

or 

This equation yields the vertical and horizontal components of the 
velocity at any point with respect to the velocity at the refer­
ence point, a result which can only be crudely approximated in the 
previous method. 

The resultant relative velocity .at arry point can be determined 
fran the following equation: 

where the absolute value symbol, I I , means that the square root 
of the sum of the squares of the real and imaginary parts is 
taken. 
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The expression for the :eressure coefficient at any point can be 
derived frcm Equations l4) and (6). This expression is: 

P-P 2 C ___ ols 
p = p v212 = - iF 

0 

An examination of Equations (5), (6), and (7) reveals that the 
reference point is defined mathematically as a point in the region 
of uniform flow.. For the approximate method, the reference point 
is selected frcm a fl.ow net in a · region where the flow is essen­
tially uniform. Although this point can usually be selected to 
give any desired degree of accuracy, the fact that a reference 
point must be chosen makes the approximate method undesirable for 
programing with an electronic ccmputer. 

The Ccmputer Program 

AB mentioned previously, the basic computer program consists of 
cc:qru.ting U and V coordinates frcm given values of cp/v O and 
't /VO • The relationship between these quantities is given in 
Equations (1) and (2). An extension of the program allows the 
ccmputation of the vertical and horizontal components of the 
relative velocity, the resultant relative velocity, and the pres­
sure coefficient at the point for the assumed values of cp/V0 

and 1(r /v O • These relations yield information concerning the 
nature of the flow in the vicinity of the offset and also permit 
a campa.rison of the theoretical flow net with experimental data. 

Both positive and negative values are obtained when taking the 
square root of Equation (2). It both of these values were sub­
stituted into Equation (1), the result would be the flow net for 
a rectangular plate located in the center of the conduit. The 
ccmputer program eliminates this problem by using only the posi­
tive root. 

The program, which was written using FORrRAN, results in two 
final parts.~ These parts are embodied in an Object Deck, which 
contains the necessary canma.nds to tell the ccmputer what to do, 
and a Data Deck, which contains the offset ratio and discrete 
values of cp/V0 and t/V0 .§J The Object Deck is applicable to 
any offset ratio or any number of cp/V O and 't /v O ccmbina.tions. 

'§./ See Appendix., FORrRAN 

§/ See Appendix., Mathematical steps for Flow Net C~tation, 
Block Diagrams, FOimb\N Coding Form (Source Program} 
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The Data Deck contains all the variations for various problems and 
~ have the following format: 

Enter the offset ratio, h, in a 14-digit floe.ting point 
field 

Enter the number of data points, n (cp/V0 and v/V0 
combinations) in a 5-digit :fixed point field 

Enter the data points, cp/V0 f':l.rst and v/V0 second, 
each in a 14-digit floating point field. 

The Data Deck can be made from two parts, one pa.rt containing 
only the offset ratio, the other pa.rt containing the number of 
data points and the cp/V O and v/V O ccmbina.tions. In this man­
ner the same data points can be used with many different offset 
ratios. Only the new offset ratio would then need to be punched 
for different individual solutions. The first part of the Data 
Deck is inserted into the machine as indicated in the Appendix 
under FORrRAN. AJJ soon as the computer has read the offset ratio 
the additional. data are read. 

The following restrictions and considerations apply to the selec­
tion of the possible cp/V0 and v/V0 ccmbinations for use as 
data: 

1. t /VO varies between zero and ,r. Therefore, ,r must be 
divided by an integer in order to divide the channel depth 
into a whole number of equal increments. 

2. A "squa.I'.e" flow net will result from choosing equal incre­
ments of cp/V O and "'/v O • 

3. For the case of "'/V0 = zero, the following observations 
concerning cp/V O can be made: 

(a) If cp/V O is less than 1n h2 , V is equal to zero 
and values of U will be computed. 

(b) If cp/V0 · is equal to 1n h2 , U and V are both 
equal to zero. 

(c) If cp/V0 is greater than ln h2 , but less than zero, 
U is equal to zero and V is greater than zero, but less 
than (1. 00 - h) • Care must be taken in the selection of 
cp/V0 • As cp/V0 approaches zero, the computer must work 
with very large numbers. In the event the capacity of the 
ccmputer is exceeded, erroneous values of V will result. 
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(d) If cp/V0 is equal to zero, then U is equal to zero 
and V is equal to (1.00 -h). The pressure coefficients 
and velocity components are infintely large. The computer 
will print cp/V0 = o, t/V0 = o, U = o, V = O, for this case. 

(e) If cp/V0 is greater than zero, then V is equal to 
(1.00 -h), and values of U can be computed. Care must 
also be exercised in choosing values of cp/V0 near zero 
for the same reason as given in (3). 

The computer program is written so that every division is tested 
to insure that the divisor is not equal to zero. In addition, 
the program tests to insure that every logari tbm is defined. If 
the divisor is equal to zero or if the logarithm of zero must be 
taken, the computer will print out a coded ntnnber. This number 
indicates the specific reason for the print out.!! The computer 
will then select the next two data points and continue the operation. 

Example 

Flow nets were computed for the offset ratios, h = o.833, and · 
h = 0.917 (Figure 1). These ratios represent a 1/2-inch offset 
and a 1/4-inch offset into a 3-inch deep stream, respectively. 
The influence of the various offsets can be seen through the 
curvature of the cp/V0 = c lines. The greater the curvature, 
the greater the influence. These nets clearly indicate, without 
further computations, that a piezometer which was one conduit 
depth upstream (cp/V0 r::::s - 1t) from either of the two offsets would 
be in a region that is essentially unaffected by the offset. 

Comparison of Theoretical Results with Experimental Results 

In order to establish whether or not a flow net could be used to 
obtain a quantitative as well as qualitative result, tests were 
conducted in the laboratory with flow pa.st a 90° offset. An 
offset ratio of h = 0.833 was chosen for the comparison of 
theoretical values with those found experimentally. The pressure 
coefficients were used as the basis of comparison (Figure 2A). 

_ The main sources of discrepancy that might be expected between 
the experimental and theoretical results would be (1) assumptions 
made in the original derivation, (2) assumptions made in comput­
ing the pressure coefficient, (3) piezometers not giving the 
true static pressure for conditions of incipient cavitation.!!/ 

ZISee Appendix Coded Ntnnber Interpretation 

!Vna11y, J. w., Lin, J. D., Broughton, R. s., "Turbulence and 
static Pressure in Relation to Inception of Cavitation," IA.HR 
9th Convention. "***The measured pressures in the main flow 

II beyond the boundary layer are lower than at the wall. * * *, 
1961 
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An examination of the magnitudes of the discrepancies revealed 
that the energy loss due to the sudden contraction would result 
in the largest discrepancy between the two methods (excluding 
pressure coefficients on the vertical face of the offset and the 
channel floor immediately downstream from the offset). Experi­
ments by Weisbach indicate that the magnitude of the losses due 
to the contraction is apprcncima.tely o.045 (v2 /2g) .!I H~r., 
tests in the cavitation study indicate a value of o.oBo (v /2g) 
(Figure 2B) • The difference between the theoretically determined 
pressure coefficient and that obtained through experiment can be 
obtained from the experimental loss coefficient curve (11ffie 2A). 
The magnitude of this difference is given by 6CP III K/n .w It 
should be noted that this is the maximum discrepancy that is to 
be expected for pressure coefficients on the channel roof. 

Imediately upstream from the face of the offset a vortex was 
observed. This vortex indicates that separation of the flow from 
the channel floor exists upstream from the offset. This separa­
tion and its accanpanying loss of energy are the ma.in reason for 
the difference between the theoretical curve and the experimental 
curve in the region upstream from the offset (Figure 2A) • For 
the ratio., h = o.833., the magnitude of this loss becomes negli­
gible upstream from the offset at a distance of 0.3 times the 
conduit depth. 

A spot check of theoretical pressure coefficients as canpared to 
the experimentally determined values indicated that qualitative 
results could be obtained in the vicinity of the offset. However., 
due to the fact that separation also occurs at the corner of the 
offset., a good correlation is not possible for points on the con­
duit floor immediately downstream tran the offset. 

2/R.ouse., H • ., Ibid., p 414., the"*** data is based upon contraction 
coefficients given by Weisbach for free rather than submerged 
ef'f'lux; the resulting values must hence be regarded as rough 
approximations." 

'WSee Appendix., Derivation of' Pressure Coefficient Discrepancy 
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An electronic canputer is a very useful and high-speed tool, but 
one that is capable of performing only relatively simple steps 
a.nd must be told when to perform each step. The process of 
separating a problem into the w,.ny simple steps that the canputer 
can perform is called "programing." 

Several developments are available which considerably shorten and 
simplify the programing process. In ·· one of these developnents, 
called FORTRAN (FORmula TRANslation), the ccmputer assists in 
writing the program. With FORrRAN, the engineer needs only to 
express his problem in a series of statements or formulas. The 
computer translates these into a language that the ccmputer can 
understand. through the use of several secondary programs or 
"compilers." The engineer's statements consist of' arithmetic 
operations, calls for input or output, ,-aznnand ~ to designate the 
sequence in which the statements are to be performed, and state­
ments 'Which provide information but cause no action. The combi­
nation of' this series of statements is called the FORrRAN program. 
This program and the compilers are the only tools needed to suc­
cessfully program a problem with the FORrRAN system. 

In general, a program is solved along the following lines.W 
The FORrRAN program is punched onto a paper tape or cards by 
means of a fl.exowriter or card punching machine. The resulting 
tape or card deck is eel.led the source program tape or card 
deck. Before utilizing the source program, another program 
called the FORTRAN compiler is read into the computer. Under 
control of the FORrRAN compiler program, the canpu-t;er reads the 
source program and translates it into machine instructions and 
punches these instructions on cards or tape. The program which 
the machine punches is known as the object program. The object 
program with any necessary data is then read into the computer 
and the program is executed and results are typed out or punched 
on paper tape or cards. In the case of punched output, the tape 
or cards may be inserted into equipment whi.ch will translate the 
punches into typed output. 

Mathematical Steps for Flow Net Canputation 

The two basic equations which are evaluated in order to obtain 
the flow net are: 

ll/McCracken, D. D., "A Guide to Fortran Programing," John Wiley 
and Sons, Inc., New York, 1961 

.z./ Punched paper tape and punched cards are two camnon methods 
that are used for the input and output of data from an electronic 
digital canputer. 
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u + iv= w = h ln(l+ s) - h ln(l- s) - ln(h+ s) + ln(h- s) (1) 

and 

~/vo 2 ~/vo 
2 (e cos v/vo - h ) + i(e sin v/vo> 

s = q>/V q>fV 
(e o cos v/vo - 1) ~ i(e o sin vivo> 

These equations were broken down into the following simpler steps 
for programing with an electronic computer: 

~/vo 2 
e cos t/V0 - h = a 

q,/Vo 
e sin t/V0 • b 

~/vo 2 
e cos t/v0 - 1 =a+ h - 1 = c 

Then Equation {2) beccmes 

A cam_plex number may also be written in the form 

s2 = r(cos 8+ i sin e) 

Taking the square root gives, 

s = .Jr(cos e/2 + i sin e/2) 

where 

J xx2 + YY2 
r = 2 ~ am. 8 = tan-1 ll for -,c ~ 8 < ,c 

b + C XX 

Equation (1) may now be evaluated by using Equation (5) in the 
following manner: 

(2) 

(~b) 

(4) 

(5) 
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Let 

Then 

Thus 

and 

1 + .fr cos e/2 = d ; 1 - .fr cos e/2 = f ; h + Jr cos e/2 = g 

- .fr cos e/2 = p ; .fr sin e/2 = si 

h ln(l + s) = h ln(Jd2 + (si)2 ) + i(h tan-1 si/d) ; 

h ln(l- s) = h ln(../? + (si)2) - i(h tan-1 s1/f); 

U = [h 1n(Jd2 + (s1)2 ) - h 1n(Jr + (si)2 ) 

- 1n(Jg2 + (s1)2) + 1n(Jp2 + (s1)2) ]/,c 

- tan-1 si/p]/,c 

The vertical and horizontal canponents of velocity are computed 
as follows: 

V1 /V0 = horizontal camponent V 2 /v O = vertical camponent 

17 
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Thus 

and 

2:_ _ Ji cos e/2 sr 
V0 - h = h 

The resultant velocity is simply the vector sum ot the two 
velocity compo~nts. 

Let v/vo = resultant velocity 

The pressure coefficient is computed.f'ran the relationship 

where 

Then 

C = 1 -~ p h 

C = 1 - r/h2 
p 

18 
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C 

C 

C 

C 

PROGRAM FOR 
FLOW NET FOR 90 DEGREE OFFSETS 

1 FORMAT 1151 
3 FORMAT (8Fl4.6l 

1040FORMAT (112H 
1 V VVEL 

108 FORMAT ( lHl, 5X, 
READ DATA 

PHI 
HVEL 

3H H=, F 10. 6 ) 

107 READ INPUT TAPE 5, 3, H 
WRITE OUTPUT TAPE 6, 108, 1-i 
READ INPUT TAPE 5, 1, N 
WRITE OUTPUT TAPE 6, 104 
00 45 J = 1, N 
READ INPUT TAPE 5, 3, PHI, PSI 
TEST PHI ANO PSI 
EXPI = EXPF (PHIi 
HSQ = H•H 
TEST= EXPI - HSQ 
HTEST = EXPI -1.0 
IF (PSI) 21, 17, 21 

17 IF (TEST) 21, 18, 19 
18 U = o.o 

V = O.O 
VVEL = O.O 
HVH = 0.0 
RVEL = O.O 
CP = 1.0 
GO TO 42 

19 IF IHTESTJ 21, 20, 21 
20 U = o.o 

V = 1.0 - H 
GO TO 44 
COMPUTATION OF S REAL ANOS IMAGINARY 

21 A= EXPI • COSF IPSIJ - HSQ 
B = EXPI * SINF (PSI) 
C =A+ HSQ - 1.0 
XX= A•C + B•B 
VY= B•IC-AI 

PSI 
RVEL 

R = SQRTFIXX•XX + YY•YYI / IB•A + C•Cl 
RR = SQRTF (RJ 
CALL ANGLE (XX, VY, THETA) 
HTHETA =THETA/ 2.0 
SR= RR• COSF IHTHETAI 
SI = RR • SINF (HTt-lETAI 
COMPUTATION OF U ANO V COORDINATES 
0 = 1. 0 + SR 
F = 1.0 - SR 
G = H + SR 
P = H - SR 

22 IF ( OJ 24, 23, 24 
23 WRITE OUTPUT TAPE 6, 100 

100 FORMAT 130H THE VALUE 1.0 + S EQUALS ZERO) 
GO TO 43 

19 
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FLOW NET FOR 90 DEGREE OFFSETS 

24 IF !Fl 2b, 25, 26 
25 WRITE OUTPUT TAPE 6, 101 

101 FORMAT 128H THE VALUE 1.0-S EQUALS ZERO) 
GO TO 43 

26 IF [GI 28, 27, 28 
27 WRITE OUTPUT TAPE 6, 102 

102 FORMAT [ 21:lH THE VALUE H + S EQUALS ZERO) 
GO TO 43 

28 IF (Pl 30, 29, 30 
29 WRITE OUTPUT TAPE 6, 103 

103 FORMAT (2bH THE VALUE H-S EQUALS ZERO) 
GO TO 43 

30 IF IVY) 39, 31 1 39 
31 IF !PSI) 34, 32, 34 
32 IF !TEST) 35, LB, 33 
33 IF [ HT EST I 36, 20, 37 
34 V = 1.0 

GO TO 38 
35 V = O.O 

GO TO 38 
3b U = o.o 

GO TO 40 
37 V = 1.0 - H 
3BOU =IH•LOGFIABSF(Dll - H•LOGFIABSF[FII - LCGFIABSFIGII + LOGFIABSF 

l [Pill/ 3.1415926 
GO TO 41 

39 Ul = H•LOGFISQRTFID•D + SI•Sill 
U2 = H•LOGFISQRTFIF•F + SI•SIII 
U3 = LOGF(SQRTFIG•G + SI•SIII 
U4 = LOGF(SQRTF(P•P + SI•Sill 
U = (Ul - U2 - U3 + U41 / 3.1415926 

40 CALL ANGLE ID, SI, ALPHA I 
CALL ANGLE IF, SI, BETAI 
CALL ANGLE IG, SI, GAMMAI 
CALL ANGLE [P, SI, DELTA) 
V = [H•[ALPHA + BETA) - GA~MA - DELTA) / 3.1415926 

C COMPUTATION OF VERTICAL ANO HORIZONTAL VELOCITY COMPONENTS 
41 HVEL = SR/H 

VVEL = I-SI/HI 
C COMPUTATION OF THE RESULTANT VELOCITY 

RVEL = RR / H 
C COMPUTATION OF THE PRESSURE COEFFICIENT 

CP = l.O - R / HSQ 
42 WRITE OUTPUT TAPE 6, 3, PHI, PSI, U, V, VVEL, HVEL, RVEL, CP 

GO TO 45 
43 WRITE OUTPUT TAPE 6, 105, PHI, PSI 

105 FORMAT [ 5X, 5H PHI=, Fl4.6 1 lOX, 5H PSI=, Fl4.bl 
GO TO 45 

44 WRITE OUTPUT TAPE 6, lOb, PHI, PSI, U, V 
1060FORMAT [5X, 5H PHI=, Fl4.6, 5X, 5H PSI=, Fl4.6, 5X 1 3H U=, Fl4.6, 

l 5X, 3H V=, Fl4.61 
45 CONTINUE 
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C 

C 

C 

C 

PROGRAM FOR 
FLOW NET FOR 90 DEGREE OFFSETS 

l FORMAT 1151 
3 FORMAT (8Fl4.61 

1040FORMAT 1112H PHI 
l V VVEL 

108 FORMAT I lHl, 5X, 
READ DATA 

HVEL 
3H H=, F 10. 6 I 

107 READ INPUT TAPE 5, 3, H 
WRITE OUTPUT TAPE 6, 108, 1-t 
READ INPUT TAPE 5, 1, N 
WRITE OUTPUT TAPE 6, 104 
00 45 J = 1, N 
READ INPUT TAPE 5, 3, PHI, PSI 
TEST PHI ANO PSI 
EXP! = EXPF (PHI) 
HSQ = H•H 
TEST= EXPI - HSQ 
HTEST = EXP! -1.0 
IF I PSI I 21, 17, 21 

17 IF (TEST) 21, 18, 19 
18 U = o.o 

V = 0.0 
VVEL = 0.0 
HVEL = 0.0 
RVEL = 0.0 
CP = 1.0 
GO TO 42 

19 IF (HTESTI 21, 20, 21 
20 U = o.o 

V = 1.0 - H 
GO TO 44 
COMPUTATION OF S REAL ANOS IMAGINARY 

21 A= EXP!* COSF IPSII - HSQ 
B = EXPI * SINF (PSI) 
C =A+ HSQ - 1.0 
XX= A•C + B•B 
VY= B•IC-Al 

PSI 
RVEL 

R = SQRTFIXX•XX + YY•YYI / IB•A + C•CI 
RR= SQRTF IRl 
CALL ANGLE (XX, VY, THETA) 
HTHETA =THETA/ 2.0 
SR= RR* COSF IHTHETAl 
SI= RR* SINF IHTHETAI 
COMPUTATION OF U ANO V COORDINATES 
0 = 1.0 + SR 
F = l. 0 - SR 
G = H + SR 
P = H - SR 

22 IF I Ol 24, 23, 24 
23 WRITE OUTPUT TAPE 6, 100 

100 FORMAT 130H THE VALUE 1.0 + S EQUALS ZERO) 
GO TO 43 
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FLOW NET FOR 90 DEGREE OFFSETS 

24 IF IFl 26, 25, 26 
25 WRITE OUTPUT TAPE 6, 101 

101 FORMAT 128H THE VALUE 1.0-S EQUALS ZERO) 
GO TD 43 

26 IF IGl 28, 27, 28 
27 WRITE OUTPUT TAPE 6, 102 

102 FORMAT 128H THE VALUE H + S EQUALS ZERO) 
GO TO 43 

28 IF IP) 30, 29, 30 
29 WRITE OUTPUT TAPE 6, 103 

103 FORMAT 126H THE VALUE H-S EQUALS ZEROI 
GO TO 43 

30 IF IVY) 39, 31, 39 
31 IF I PSI l 34, 32, 34 
32 IF I TEST) 35, 18, 33 
33 IF IHTESTI 36, 20, 37 
34 V = 1.0 

GO TO 38 
35 V = O.O 

GO TO 38 
36 U = o.o 

GO TO 40 
37 V = 1.0 - H 
380U =IH•LOGFIA8SFID)l - H•LOGFIABSFIF)l - LCGFIABSFIGll + LOGFIABSF 

l IP))) / 3.1415926 
GO TO 41 

39 Ul = H•LDGFISQRTFID•D + Sl•SI)I 
U2 = H•LOGFISQRTFIF•F + SI•Slll 
U3 = LOGFISQRTFIG•G + Sl•Slll 
U4 = LOGFISQRTFIP•P + Sl•SI)l 
U = IUl - U2 - U3 + U4l / 3.1415926 

40 CALL ANGLE ID, SI, ALPHA) 
CALL ANGLE IF, SI, BETAI 
CALL ANGLE IG, SI, GAMMA) 
CALL ANGLE IP, SI, DELTA) 
V = IH•IALPHA + BETA) - GA~MA - DELTA) / 3.1415926 

C COMPUTATION OF VERTICAL ANO HORIZONTAL VELOCITY COMPONENTS 
41 HVEL = SR/H 

VVEL = 1-SI/Hl 
C COMPUTATION OF THE RESULTANT VELOCITY 

RVEL = RR / H 
C COMPUTATION OF THE PRESSURE COEFFICIENT 

CP = l.O - R / HSQ 
42 WRITE OUTPUT TAPE 6, 3, PHI, PSI, U, V, VVEL, HVEL, kVEL, CP 

GO TO 45 
43 WRITE OUTPUT TAPE 6, 105, PHI, PSI 

105 FORMAT I 5X, 5H PHI=, Fl4.6, lOX, 5H PSI=, Fl4.61 
GO TO 45 

44 WRITE OUTPUT TAPE 6, 106, PHI, PSI, U, V 
1060FORMAT 15X, 5H PHI=, Fl4.6, 5X, 5H PSI=, Fl4.6, 5X, 3H U=, Fl4.6 1 

1 5X, 3H V=, Fl4.6) 
45 CONTINUE 
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FLOW, NET FOR 90. _D.EGREE .OFFSETS 

GO TO i07 
ENo,1,0,0.o,o,0~1,o,o,o,o,o,o,o,o, 

21::-

7/02,/63 

124 
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PLACEMENT OF ANGLES IN PROPER QUADRANT 7/02/63 PAGE 1 

SUBROUTINE ANGLE I X, Y, RHO> 7 
IF (X) 6, 10, 14 8 

6 IF IY> 7, 8, 9 9 
7 RHO= ATANF IY/X) - 3.1415926 10 

RETURN 11 
8 RHO= J-3.1415926) 12 

RETURN 13 
9 RHO= ATANF IY/X) + 3.1415926 14 

RETURN 15 
10 IF IY> 11, 12, 13 16 
11 RHO= l-l.5~07963) 17 

RETURN 18 
12 RHO= O.O 19 

RETURN 20 
13 RHO= 1.5707963 21 

RETURN 22 
14 IF lY> 15, 12, 15 23 
15 RHO= ATANF IY/X) 24 

RETURN 25 
ENDll,0,0,0,0,0,0,0,0,0,0,0,0,0,0> 

22 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



I ! 

Coded Number Interpretation 

These pa.use numbers are used to 1et the operator know the reason 
a certain value cannot be computed and to al1ow f'lexibi1ity in 
data insertion. The pa.use numbers have the fo1lowing meanings'; , 

Pause Number 

1 

2 

3 

4 

5 

6 

Meaning 

Used in SUBR~INE ANGLE. In the expression · 
rho • tan-1 y/x, both x and y are equal 
to zero. For this case the ang1e was defined 
as equal to zero. 

Used in MAIN PROGRAM, data input. This 
number indicates that the first part of the 
data tape bas been read and that the can­
puter is ready for the second part of the 
data. 

This number and those which follow are a11 
used in the C<>MEUrATION OF U AND V COO:al)mATES. 
F.a.ch pa.use indicates that a certain quantity 
is equa1 to zero. The natural 1ogari thm of 
this quantity is required by the program. · 
Since these quantities are equal to zero, 
the 1ogarithms are undefined, and the can­
p1ex potential of fl.ow cannot be eval.ua.ted. 
This pa.use Dilmber indicates that 1.0 + s • o. 

Indicates that 1.0 - s = 0 

Indicates that h + s • 0 

Indicates that h - s • 0 

Derivation of Pressure Coefficient Discrepancy 

For the case of no 1oss the pressure coefficient is defined as: 

P-P (V)2 
C = ;;a.0 = 1 - -

P P o Vo 
(See the derivation in the report) 

With 1osses, Bernoul.l.i's equation becanes 

23 
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This expression is for two :points of equal elevation. 

Let "a" be a point downstream fran the offset, and ''b" represent 
a :point upstream fran the offset in the region of unifonn f'low. 
Then, 2 

Vo V2 V2 

and 

P-P =p--p-2 -pK-2 _o 2 

(C ) = p - po = 1 - (1 +K) (fo)2 
P actual v2 

p ...! 
2 

The difference between the two values of the pressure coefficient 
is equal to the pressure coefficient discrepancy, ACP. 

Therefore, 

AC = (C ) - C • 1 - (1 +K)(.!..)~ - 1 + (J.. ~ 
P P actual P Vo , Vo ) 

and 

Fran the equation of continuity, 

Q ci V0 1 = V • h 

or 

Substituting this value of V into Equation (9) gives the desired 
relationship, 

24 
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FIGURE 2 
REPORT HYD. 500 
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FIGURE 4 
REPORT HYO. 500 
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