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ARSTRACT

A niethod is presented for anproximating a centrifugal pump's
charzcteristic by an interpolation procedure wnen 1ts true charac-
teristic is not ¥nown. The charscteristic is then represented by
12 sixth degree polynonials for use in a trancient anélysis conm-
puter program. Data used for spproximating a centrifugal pump's
charecteristic is shown in tabular form in Tables 1 through 12.

The data was obtained from the known characteristics of 7 different
specific speed pumps.

The transient analysis of & water conveyance systen containihg
centrifugal pumps requires wnowledge of e:xch puap's characteristic

end because a punp's charactericstic is not generally known ,it must

§
L an

be apovroxinated. 'The charzcteristic can be critical in the transient

analysie teceause chenging the chargctericstic used to azneslyze the

syster: during a transient. The characteristic used may thus play a
najor role in determining such things as pipe thiciiness, surge tank

size, air chamber size and valve closure times. Choosing a charzc-

Casal

teristic which apovroximsted that of each punp in the cystem as closely

.
o

as pocsgible csn be critical in determining the nost economical Gesign

of the systen.

[
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INTRCDUCTION

The design of weter conveysnce systems whose main comnonents
are pipeiines and 6entrifugal punps end wnose size and discherge
can vary over & wide range requires knowledge of 2ll the systems!
conponents. The design of a water conveyance system must be anzlyzed
for both steady and trancient flow. 1In analyzing a system thast
contains a centrifugal pump, one of the difficulties is defining
the characteristic to descrite the pump's operation. Each pump
has a unique charscteristic which, when known along with the head
across the pump (h), the speed of the pump () and the torque on
the pury impeller (B), will ensble the calculation of the discharge

(o). A pump characteristic thus relates the four variables involved

e

in pump operation (h,« ,8, a). The characteristic of a pump is

determined by testing the actual pump, or approximated by testing
a nocdel of the'pump.

4 4-

hesis presents a method for sprroximating a given pump's

e
i-d
N
n
ct+

charscteristic when it i¢ not known. Also, a procedure for storing
the charscteristic (ltnown or approxims=ted) in the form of 12 sixth

AR

>crec polynorminl equations is cuggecsted. The 12 equstions can then

D.l
0]

be uged in = computer program to deternmine trensient concltions in a
water conveyance system containing a known pump. ’A pump'!s cﬁarac—
tericstic is broken down into the following 3 areas.of pumphopera-
tion for ease of reprecentztion,

1. The Mornmel pumping zone, where speed and puan discharge are

both positive.
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2. The anergy xiésipstlon zone, where discharge has reversed
(negative), tut the pump is still rotating in a normal
direction.

3. The turbine zone, where the dischsrge is negative, and the
purip is roteting in the reverse direction.

#nen power failure of a pumping plant is a possibility, the

cnsequences nust be analyzed. To do so requires knowledge of the
purp's W (rotut ng weight or inertia) and the characteristic:
of the pump. In the event of a power failure, there is no more
energy supnlied to kzeep the water moving, and the downstreanm head
is higher than the upstream head. This situation is just the |
oppcesite of when power is being supplied to the pump. Such a
condition causes the water in the pineline to slow down and finally
reverse. The reverse flow will continue in the line and in the pump
until a valve is shut, stopping the flow. The slowing down snd re--
versing of the water in the pipeline is of interest bécause nere
ig an imnmediste downgurge in the line followed by an upsurge or
headrige. The magnitude of these changes denends on the pumn's
cherzcteristics and WR®. In gencral, the larger the va alue VR is
of a given pump, the sialler the downsurge and subsequent upsurge,
tecauce the incre:scsed inertis of the.pump supplies the ”“tcr flou-
ing in the ripeline with energy so that changes in_vélocity are
slower, resulting in less veriztion in head (pressure). If the
trancient analysis of a punving system is not done properly, the

resvlt can vary from the extrene of troken lines end demaged pump-

ing plents .to the extreme of a highly overdesigned and expensive
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system. Although this thesis is directed to closed water convey-
ance systems containin; centrifugal pumps, the desizn of 0oil and
gas pipelines containing pumps may be dependemt on the punp
charécteristic useG in their trencsient analysis.
A PRESENT METHCD COF ANALYSIS

When a punp has not been tested, its characteristic has not
becn defined, and 1t is usually approximated by using the known
characteristic of another pump. The known characteristic can be

Lo
Lk

o)

chosen from one of the 7 for which data is ulated in Tables 1

through 12. The method of picking which of the 7 known characteris-

tics to use 1s vsually based on the assumption thet sny two geomet-

rically cimilar »umpe of the same gpecific speed (Ns, a type number
2

derived from the rated head, discharge and speed of a pump) will

hzve similar nerformence characteristics.

-

Thus, when analyziné 2 conveyance systen containing a centrifugel
uny whose éh;racteristic igs not known, its sgpecific speed is deter-
mined,and a known charscteristic from a pump of similar specific speed
is used in the analysis. A problen with this nrocedure is that there
are not enough known pump characteristics to adequately cover the
renge of specific speeds encountered in centrifugel pumns. Thus a

)

vnown characteristic from a pump which has a specific speed closest
fo that of the actuzl pump in the systex is used. in the transient
analysis for the system. When using a computer to znalyze a puap
vower failure, the known characteristic is usually reprecsented by

tzbulated values of h, g,¢ , and@ taken from the actual test of the

pump. The computer program will usze the tabulated values as a
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basis for interpolszting specific values to be used during each
time increnent of the analysis,
PROPOSED MNETHCD

" If the additional assunption thet srecific speed varies
unifornly and continuously with punp geometry is made(Ref. i),
there is a uniformly continuous relation between specific speed zand
the corresponding pump's characteristic. Using the ¥V known character-~
istics of varyinz specific speed shown in this paper, a2nd fitting a
2nd or 3rd degree polynomial to them using the method of least
squares, the characteristic for any specific speed pump can be
approximated. The use of a 2nd or 3rd degree polynomial ig arbi-
trarv and the one chosen for each case was done after observing a
plot of the portion of the characteristic in question against
specific spezd. A function other than a 2nd or 3rd degree pvolynomial
could te used if 1t représented the plotted data. This procedure
thus uses a relation determined by using all 7 charactéfistics to
approximate that of the punp in the systen instead of piclting the
one 'mmown charecteristic that hes its specific specd closest to the
specific speed of the pump actually in the system.

eter-

n
QJ

Cnce data renresenting the approximate charscteristic is
mined, it can be put in the form of 12 sixth degree polynonmials

vsis computer program in

j

which are then used in a pumnp transient ana
represent the nump operation.

PUYP TRANSIENT ANALYSIS

The : etnod commonly usged in the comfuterized analysig of

pipeline transients incorporates the method of charzcterictics to
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represent the pipeline snd a table containing values of the pump's

\

charzcteristics (Ref. 2). The table of the puap's charzecteristics
contains values of h, q,eX, andP which represent the actual pump
operation. ‘In the transient analysis, values for all punp condi-

1.

tions are interpolated from the table so that at each instant of time
during the transient, the head and discharge anywhere in the system
are known, as well as the pump speed and torque.

Actuval pumn charazcteristic data can be put in the form of curves
(Ref. 3 and 10) using the following homologous relationss

h/q2 vs /q hﬁiz Vs g/
B /g% vs */q P/a° vs g/

The four relations above can be graphed to represent each of
the three pump zones: normal, energy dissipation, and turbine. The
result ieg 12 curves. A sixth degree polynomial eguation was chosen
to represent ezch of the curves by taking 7 points from each curve

end soliving for the coefficients of the equations.

Data roints revresenting the puwnn charzcteristic for any given

4}

e}

pecific svpeed are first found by a least scuasres fit procedure on

)]

jer

ate from 7 known charscteristics of different specific speed pumps.
The dats from the ¥ known cheracteristics and the 2nd or 3rd degree
pplyﬁomial resulting from the least scuares fitting procedure are
shovm in Tables 1 throuch 12. The portion of the pump‘characteristic

in esch table is shown on the next page.



T-=1566

Table. 1  Normal ﬁump zone, (C£«%/qsl), h/q2'vs“Vq

Normel pumv zone, (04%4/q<l), B/q2 vs%/a

Table 2

Table 3 Normal pump zone, (C%q/x<l), hﬁxg'vqux

Table 4 Normal pump zone, (Ofaqi&x=<l), BAxZ\M;qAx

Table 5 Energy dissipstion zone, (=-12%/q<0), h/q2xm;¢Yq
Tatle 6  Energy dissipstion zone, (-1e%/q2C), B/qgvs g
Table 7 Energy diseipation zone, (-12¢g4<0), hﬁxavs q /X
Table & Energy dissipation zone, (-~1%2g&%C), B/ 2vs q/ex
Table 9. Turbine zone, (C£%/g<l), h/¢evse/q

Tatle 10 Turbine zone, (0£°¥g<4l), B/qzvsqu
Table 11 Turbine zone, (C£q/m£1), hﬂx?vsq/x

Table 12 Turbine zone, (O%2q/t£l), BAxgvsq/a
Data was talien frow the following 7 known characteristics:

Puran Reference
Specific Speed

1276

1700

1940

3700

L6c0o

7600

w W 3 o »n F W

13,500
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Sone data is missing from the tables because: the original
tests were incomplete. The sixth degree polynomici, when used to
aprroximate an sctual characteristic, has the value of the ordinste
within C.Cl of the asctual curve representing the test of a pump.

This 1s sn adeguate representation, because actual testing does not
give accuracy miith .,nagnitude C.Cl.

To determine the characteristic of any specific speed pump, a
relstion is derived using a least squares fitting procedure for each
of hﬁi2, h/q2, ﬂﬂxg, versus Ns at the seven values of &/q and g/c.

For instance, the data from Table 3 at q& =0 are plotted in Figure 1,
and a second degree polynomizl 1s fit thréugh the points. One point
on a charactericstic is¢ deflned in Figure 1 (i.e., a/e = O, hAx2: f(xs).

The point in this instance is determined by identifying the specific

speed of the actusl pump in the sgysten. The use of a 2nd degree poly-
. s e s . 2

nomnial ss the function to describve the variation of héx is arbi-

trary, and could bte any type of function which will adequately re-

present the relation. Second or third degree polynomials were used

<

of observation andé exper-

o’

de on the basi

53}

0

here, and the choice was m
ience. There are 7 eguations for each table. Each eguation along
with the corres—onding value of g/ or &/¢ represents a point on the
cheracteristic whose specific speed is Ne. As other nown charzcter-
istics are added to'the data, these relzations should be reviewed.

To anproximate the unknown characteristic of 2 centrifugal pumy
whose specific speed is lnown, one must first solve the 7 ecuations

wder each table. This gives 7 points for each of the 12 areas into

which the choracteristic is subdivided., Because 1pferﬁed1ate values

Al

e roguired during s puwap tra n31ent anzlysis, a 6th degree polynomial

o)
=

ved from the 7 points in each table. These 12 =ixth degree

}—u

ger:

s
mn
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rolynoninls then describe an approximste characteristic of a pump
given the specific speed. They are stored in the computer progranm
in the following ﬁorm:
Punp zone (C£%q<1)
n/6%= & (%/0) 6By (#/0) 40y (/0) 4D, (/) Y By (/)% ¥, (/3)#C;
B/02 = A, (%) 4B, (/) 7€, (/) 4D, <o</o>3+nn(a</v> P (4/0) 4G,
(0Zgfrsl)
h/x? = Ay (a/e) % B, (/) 03 (/) D, (0 ) 34y 0/ )24F, (k) 45,
B/x? = h,(0/) 043, () T0, (0/) Dy (0/) 348, (/o) 24T, (0/) 46,
Fnergy cdissipation zone (~122/q<C)
n/qe= A _(</q) +B§(°</Q,)’+CS(°</Q) +D5(<></q>.3 'E5(°</q)2+F5(0‘/§)+G5
"B/q° = 4 (/) OB (%/0) 94 Cy (/) Dy (/) 3B (#/q) 24 (%0 )+
(~1%q/=4C)
h/oc? = B0 /o) BB, (/o) T4Cp ( 0/ ) 5 Dy (/o )34 By (0/ V24T (0o )4,
B = Ay (/)64 By (/o) 54 (/o) 4Dy (0/ex ) 34 By (0o ) 2 Fig (/e )y
Turbine zone (0¢%/q<l)
n/o®= A, («/a>6+B (/) %+ Co (/) <o</c>3+E (/)% g (24/0) g
B/g%= A (*/c) +B <«/u>5+c10< /0)% D /f-’—~>3+~1o< /q)g +
10( /q)+Glo
(Ofc /1)
h/o? = &) (0/e) 6By (/) 4007 (/) 5 B C0/e)F B ()2
11(q/¢)+G1n ‘
Bhe? = by (0/) OB, (0/)%rC (/) ¥eDy o (6/0) 4B L (0/)
Flg(qﬁx)+G12

The coefficients for each 6th degree egquation can be determined

in the prosram bty solving seven -ecguations in seven un'inowns.,
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EXAMPLE \
o

For purposes of illustration, consider the punp zone; (o2a/xel)
and the relation h/ec® = £(q/=*). Assume a pump in the system hes a
rated head, discharge, and speed such thst its Ns =6CC0. The value
of Ns would be determined in the compuéer program from the input of
the pump's rated head, discharge, =nd speed. The seven equations in
Table 3 would then te solved with Ns =6C0C and would result in the

followin:z seven points: (Ref. Table 3)
2

_a/. /e
0 "t 1.768
Cy17 1.598
0.33 1.375
0.50 1.190
0.67 1.10%
0.83 1.052
1.00 1.C00

A sixth degree polynomial is then fit through these seven points,
reculting in the following eguation:
hﬁxgz 11.886(4A<)6 -32.051(‘7&)54@3.001(‘Mx)L+ -6.%66(4/a)3
S1461(9/)° ~C.677( k) +1.768
The other 11 equstions representing the rest of the pump's

cherccterictics are developed in ‘a similar way.
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SUIMMARY OF I/ETHOD

The computer program for pump transients will contain 7
ecuations for each of the 12 areas of puun operation. The equsations
are shown under each of the 12 tatles. For the pump being analyzed,
the data read into the program allows the calculation of SpéEific
speed Ns= f(QR, Hg, NR). Snecific speed is the independent variable
of the 7 equations shown under esch table. When the equations are
solved in the program,” 7 points for each of the 12 sreas of pump
operaticn are determined. A 6th degree polynomial is then determined
for each of these 12 areas using the 7 points from each area, and
these equaticns are used in the transient analysis of the systen
contalning the pump.

RESULTS AVD CONCLUSIONS

As more charscleristics become avallable the equations under
each takble ghould Le re-evsluated to incorporate the additional datz
proints. A least squares prbcedgre Wss used to fit an equation to the
pointe tecause there was some scatter (Fig. 1). The scatter arises

speed, & limited range of pumps can be

0O
vy
)
o
0

because given a spe
designed (Ref. 8). 1If, hovever, wnen designing a pump, the criteria
were used that given the Ns, the most efficient pump be designed, the
relation betwesen the pump's characteristic and s as shown in Figure 1
would have no scatter of points (Ref. 9). Because criteria other
than designing *the most efficient onuwp must be taekxen intn considera-
tion, there will be scatter, The ~ethod proposec here, as well as
any other method of approximating a pump's characteristic, shoﬁld be

used only when the actual or model charactericstics are not available.

o
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Table 1
Normal Puwrp Zone
420,420  (0£a/gel)
o(/q
Ns 0 0.17 0.33  0.5C 0.67 C.83 1.00
1276 | -0.53 -0.4%2 -0.22 =C.0% 0.23 0.56 1.00
1700 - - - -0.05 .26 0.63 1.CO
5 1910 - - - - 0.27 0.60 1.00
h/q 3700 - - - - 0.09 0.57 1.00
1600 - - - - 0.19 0.60 1.C0
7600 | -1.56 -1.13 =0.69 =C.35 .05 G.52 1.C0
13560 | -1.00 =C.90 =-0.76 <C.50 =0.11 0.37 1.00
Bauation, h/q2 = {(Ns)
AK/q ‘
2 y ~8..2 =l ‘
0] h/q< = 2.,1039x1C™ "Ns ~3.5005%10C 'Ns =0.1177
S, R
0.17 | n/c®= 1.237x107CNs2 -2.2210x10""Ns  -0.1567
bt

0.33 | h/c® = C.5109x10"ONs2 -1.1967x10" Ns =C.0756
0.50 | n/q® = 0.1995x10"ONs2 -0.6776x10~ s +0.0590
0.67 | n/0?= 0.0532%107 082 -0.3772x107 s +0.303%
0.83 | h/g®=-0.1492x1078Ne? +0.0338x107 s 40,5938

1.00 | h/g? = 1.0C00
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Table 2
Normal Pump Zone
qZ0, Az0 (0£4/q=1)
&/q

¥s 0 0.17 0.33 ©0.50 0.67 ©.83 1,00
1940 - - - - - - 1.00

Brq* | 37CC - - - - 0.36 C.70 1.00
Leco - - - - 0.32 C.72 1.CO
9600 | ~1.56 =0.93 =047 ~0,11 0.29 ©.67 1.C
135C0 | =Co56 =C.62 =0.6C =C.39 0.3 0.51 1.00
2/q Bquation, #q°= £(Ns)

0 2/q° = 3.0165x1070Ns? -l 6698x10"MNs  # 0.2L68
=8 -4 .

0.17 B/a” = 1.4259x107°Ns® -2.4332x10°7 Ns + C.1336
0.33 B/q2= C.H07x107 8N -1.1502X10~4NS + 0.14§6
0.50 B4q2= 0.0128x10‘8ns2 -O.SOlelO—th + 0.2638
0.67 | B/q®= 0.0395%10"%Ne2 -0.4378x10"H¥s  + C. 5562
0.63 B/q2= 0. 1%22x10"8ps2 +0.0304x10~"Ns  +0.7281
1 . CC B/q 1 . C‘OOO
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Table 3
Normal Pump Zone
q20, X 20 (O%q/t<l)
q /A
Ns 0 0.17 0.33 0.50 0.67 0.83  1.00
1276 1.29 1.29 1.27 1,23 1.18 1.10 1.CO
17¢0 | 1.08 1,08 1,09 1.09 1.10 1.06 1.00
,| 1ok0 | 1.4 1,35 1.30  1.25 1.19  1.11  1.C0
h/#*| 3700 | 1.40 1.36 1.26 1.09 1.0k 1,05  1.C0
Lo | 1.65  1.56  l.4he 1,27 1,17 1.07 1,00
7600 | 1.96 1.71 1.40 1.2l 1.12 1.06 1,00
135C0 | 2.73  2.33 2.02 1.76 1.57 1.36 1.00
, 2
q /X Equation, h/x = f(Ns)
\ ) : =4 .
0 hw? = 0.0670x10-8Ks2  +1.1138%10° Ne'© + 1.0688
[
0.17 | b/ = 0.132%x107%ns?  +0.7126x107 s +1.1229
-8 '
0.33 n/x2 = 0.4333%10 ke +0.0001x10™ s +1.2190
2 s .
C..50 h/A = C~.63L.L"—:~x10-b‘1‘€s2 -Oo4bLF7XlO_L+NS +1.2524
2 8 2 N
C.67 h/&~ = 0,6186x10 8Ns‘ -Co 5;387}(1()"'“1‘15 +1.234%1
) Q
0.83 | n/x® = C.4189x10"Cws? ©  ~C.4103%10"Ns  +1.147%
1.00 | n/e® = 1.0000
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Tzble 4
Normal Pump Zone

qz0, &'z0 (0 £qMm<1)

q/%

Ns o 0.17 0.33 0.5 C.67 ©.83 1.00
1276 | o.W%  0.5%  0.66  0.77  0.86 0.9%  1.00
1730 c.%8 ©.53 0.61 0.69 0.79 0.90 1.CO
1950 - - - - - - 1.C0
B 3700 .79 0.81 0.82 0.78 C.82 0.92 1.00
4600 1.07 ©€.97 0.91 C.83 0.89 0.9% 1.0C
7600 1.48 1,18 C¢,98 €.91 ¢, 9% C.,98  1.GO
13560 1.95 1.67 1.35 1.13 1,07 1.05 1.CC

o/ | Equation, B/o<2= f(Ns)

0 B/ 2= ~O,6799xlO~Ong + 2.2739x10‘”Ns + C.1246

C.17 Bﬁxgz -0.282Cx10"stg + 1.3533x10‘”Ns + 0.3510
2 &.. 2 L

C.33 B/x = ~0,0789x107 “Ns® + 0.6909x10” Ns + 0.5523
0.50 B/&° = 0.0218%10"Ons® + O.2942x10-qNs + 0.6911
0.67 B/a? = 0.0581x10™ ns2 + o.lzzsxlo“”Ns + 0.8019
(3.83 B/<>(2 = 0.0463}(10"81\732 + C’.O)-I-.Qf)'}_:lo-)_{-NS + 0.9105

1.00 B/a? = 1.0000
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Table 9
Fnergy Dissipation Zone
g £ 0,420 (-1£%q<£0)
| ®/q
Ns 0 -C.17 =0.33 =0.50 =0.67 -C.83 =-1.00
1276 | 0.69  ©0.79 0.90 1.08 1.30 1.62 1.99
1700 | ©.77 © 0.87  0.99 1.1% 1.35 1.58  1.89
1940 - - - - - - -
h/q2 37C0 1.09 1.27  1.48 1.66 1.9% 2,26 2.68
L4600 - - - - - - -
7600 2.17 2,70  3.20 3.72 4,20 L.,73 5.27
13,5C0 1.08 1.48  2.02  2.70 3.60 .82  6.29
/q Eouation, h/o?: f(Ns)

0 | n/g2 = -5.3025x10" 123 +8. 47563108152 ~1.5591x107 s +0. 7651
20,17 | /9% = -6.9599x10-12Ne3#11  4706x10"Ors® ~2.35374x107 s +0. 9463
20.33 | w/g2 = —7.9623x10" 1253413, 24 37x10-Bns? 2.6603%x10™ s +1.0652
-0.50 h/qz:-9.5’911}(10"121\1534-16.6633:{10_81‘\?52 4, 0247x10™ TNs +1.3625
.67 | n/q° 2=9.7667x10" 12583417, 2033x10-81s2 L, 038kx10~Ms +1. 5671
-0.83 | n/a® .—.-9.9354x10‘12pls3+18.296l+x10“81\1s2 -4.417%}:10'1315+1.'8828
~1.00 | h/a? :-9.005_7x10”12Ns3+17.2356x10" Ns? -3.7035%x10" e +2.1562
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~Table 6
Energv Dissipetion Zone
Q0,20 ( =-1£%/q<£0)
A/q
Ns 0 -0.17 =0.33 .~o.5o ~0.67 «~0.83 =1.CO
1276 0. 86 0.91  0.95 ©.93 1.0 1.2 1.0W
17CC 1.13 1.18 "1.29 1.32  1.37 1.h41  1.h4
19k0 - - - - - - -
B/q°| 3700 1.20 1.38  1.55 1.72 1.96 2.19 2.42
L&00 - - - - - - -
7600 2.10 2.57  3.05 3.40  3.65  3.95 k.22
13.5C0 C.67 1.07 1.60 2.25 3.16 4,30 5.52
£/a Equation; B/q%= f(Ns)

2 - "12 -~ e Y
G | B/q%=5.1269%x10 " “Ks3 + 8. 0551x10~8ws2 -1.6418x10~ s +1.0857

[
-

20,17 | B/0Pe—6.1104x107 22583 + 9.6160x10 iis® ~1.6674x10" s +1.1089
1-c.33 /0227, 0k21x10"12063 #11.2035x16-8Ns2 =1.9509x10" s +1.1426
—0.5¢ | B/qP=~6.5931x10-125s3 +10.7°19%10-O1s2 —1.2201x10~ s +1.091k
-C.67 | E/q2:~5.06 5710 ~124s3 + 7. 174hx1c” b“s2‘+l 1173x1C"4Nc-+o 8516

o)

-C.83 E/qg:-2.8710x10“*°Ns3 #—3.2)54x10“8Ns —+3.57SOXIO*MNS~+O.6CH3

- ) )
21.00 | B/aR==0.6232x10""9Ns3  -0.8140x10"OKs2 +6.0675%10 s +0, 31463
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fable 7
Energy Dissipation Zone
q£0, A 20 ( -l2q/20)
q/ex
Ns 0 -0.17 =0.33 -=0.50 -0,67 ~0.83 =~1.00
1276 1.29 1.31  1.35 1.43 1.96 1.73  1.99
1700 1.08 1.09 1.,12 1l.21  1.40 1.64 1.89
1940 141 - - - - - -
h/a® 3700 140 1.45  1.55 1.66 1.86 2.20 2.68
4600 1.68 - - - - - -
7600 1.96 2,16 2.43 2,83 3.4l 4,19 5,27
13,500 2.73  3.27  3.86 Lhb7 5,07 5,81  6.29
q/ck Equetion, h/x? = f(Ns)

| | \ )
0 | n/x@= 0.0870x10~ %2 +1.1138x10" M

"

~0.17 | n/x® = 0.3941x10~-Ns2 +1.1449%10 Vs

~0.33 |'n/x® = ¢.5391x10-%ne
~0.50 | n/x® = 0.5076x10™ Oxs

2
2

4‘1.3913X10—MNS
)
+1.8965%10™ s

~0.67 | h/x® = 0.1151x10~8Ns2 +2,8847x10™ e

v) 2. Qo ."872 + L ) —' =
~0.83 | h/k“==0.584Cx1C™ " "Ng 4. 4086x107 "Ns

+1.0688
+'l.,016’+
+1.0107
+ 1.004%3
+(0.9981
+0.9666

N _ N
1.0 | h/aP=-9. 00575105 N3 417, 23562108523, 7935510 s +2.1562
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Table 8
Energy Dissipation Zone
Q% 0, 20 ( =12 g/x£0)
q /et
Ns 0 -0.17 =0.33 =0.50 =C.67 =0.83 =1.C0 |
1276 0.1l .38 0.38 0.43 0.53 0.74%  L.OW
1700 0.48 c.44+ 0.3 o9  0.72 1.03 1.41;
1940 - - - - - - -
B/ol® 3700 0.79  0.83 0.96 1.11 1.35 1.88 2.k
L6600 1.07 - - - - - -
7600 1.48 1.58 1.72  2.03  2.%7  3.23 k.22
13,500 1.95 2.37 2.9 3.67 4,38 k.99  5.52
q/ck Equation, B/xl= f(Ne)
0 B/x° = —0.6‘7993{10-81\152 + 2.2739::10'%35 + 0.1246
-0.17| BM® = ~0. 427571052 +2.2813x10'”ﬁs + 0.0735
~0.33| B/4? = -0.1311x10"Cxe? + 2.2900x10" *s + 0.0811
~0.50 <B/o(2 = 0_0910x10'81\zs2 +2.51L+9:;10“L*Ns + 0.1C19
-C,67 Bﬂxz = O.O959X10-8N52 -r2;9678x10_4Ns +0,1918
~0.83 | BAZ = -0.81'32>:1o'81\152 + Lk.6251~{‘x10-41\7s + 0.2265
-1.00 | B? = -0.6232x107 2xsd - 0.8140x10--81\3s2+6.0675>;10‘L*Ns+o.3%3
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Table 9
Turbine Zone
/€0, &< 0 (04%/g=1)
' t/q
Ns 0 0.17 0,33 0.50 0.67 ©0.83 1.00
1276 C.69 0.6k .63 0.66 0.73 C.85 1.0l
1700 0.77 0.71 0.70 ©.70 0.73 0.83 0.9%
1940 - - - - - 0.72 0,83

h/q*| 3700 1.09 1.0l 0.92 0.87 0.81 0.79 .79

4600 - - - - - - -
7600 2.17 1.60 1.10 0.77 0,60 C.47  C.38

13,500 1.08 0.81 0.7& 0.77 0.67 O.4%  C.13

Bauation, h/qu £ (Ns)
X /g

C h/q2: e5.3028x10-12Ns3*'8.4756X10"8N52-1.5591K10£uﬁs‘+O.7851
C.17 h/qg: —2.3634X10~12N53'f2.963OXlO"8Nsa+O.5078x10°th-+G.5395
0.33| n/g? = =1.0533x1078 182 +1.6727x107 s + 0. 4408
C.5C h/q2::—o.2722x10‘8 ng-+0.M523x10“”Ns—+0.6433

Q

": _)
0.67|n/2 = 0.1252x107° Ns® -C.2592x10 s +0.7929

o)

. Ca

-~

03 /02 = 0.3005%1070 Me? .0.7827x10™ s +0.9398

2-. . "’8 2 [®) ")‘f", -
1.00{h/q"= C€.3575x10 ~ Ns ~1.2284x10 Ns +1.1323
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Table 10
Turbine Zone‘
q£0,420 (0%£¥g£1)
*/q )
Ne 0 0.17 0.33 0.50 0.67 ©.83 1.CO
1276 0.86 0.81 ©0.76 .69 ©.62 C.54 C.U6
1700 1.13  1.03 0.95 ©.88 0.83 0.79 0.73
1940 - - - - - - -
B/g®| 3700 1.20 1,09 0.96 0.84% 0,70 0.56 ©.h45
L4600 - - - - - - -
7600 2.10 1.57 1.15 0.83 0.5 0.31 0
- [L3,5C0 C.67 0.43  o.46 C.63 C.54%  C.18 =0.19
K /g Equation, B/q25 f(Ns)

0 | B/q?= ~5.1260510" 12348, 0581510702 ~1.6418x10" s +1.0657
0.17 | B/q% = -2. 743151071286 343.7035%10~Prs? -0.3342x00™ s +0. 3813
0.33 | B/g° = ~1.2370x10™C 1s?41.6260x10™ s +0.6169
0.50 | B/0%= -0.3919x10™8 N52+O.4585x10~MNS4~0.7216
0.67 | B/q = =0.0954x10~8 Ns°-0.3050x10" s +0.7701
c.23 | B/e2= 0.1887x10°8 ns2-c. 6932510 s +0.7637
1.00 | B/02= 0.4065%108 Ns2a1.2508510" s 40,7629
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Table 11
Turbine Zone
g2 0,20 ( 0£q/x4l)
| q/ek |
Ns 0 0.17  0.33 .50 0.67 0.83 1.00
1276 0.63 0.66 0.69 0.73 0.79 0.88 1.01 .
1.700 - -~  0.63 0.67 ©.73 0.82 0.9%
1940 - - - 0.65 0,68 0.73 0.83
h/n® 3700 - - - - 0.5 0.67 0.79
4600 - - - . -
7600 ~-0.67 =0.4% -0.28 -0.0% 0,06 ©.19 0.38
13,500 | -2.20 -1.55 =1.1% -0.86 -0.60 =-0.28 0.13
Equation, h/ek® = f(Ns)
q /A -
0 | ne s -0.u39821070Ns2  -1.6653%107 s + 0.8497
0,17 | h/a®:= -0.0625x10"8N52 -1.7155x10“”Ns-+0.8799
0.33 | h/w?= 0.0651x10"Cns?  ~1.5960x107 He +0.8958
0,50 | h/e’= -0.1458x10°8N52 -1.0806x10"”Ns +0.8646
.67 b/ = =0, 0427%10™ ONe2 ~1,o702x10’”Ns-+o.9187
0.83 n/de = O.l323xlO'8Ns2 —l.l355x10'4Ns-+l.OO63
1.00 | h/a® = o.3575£10"8Ns2 --1.2284x10"”Ns-+1.1323

23
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Table

12

Turbine Zone

Q20,020 (0£qkel)

Q/c4
Ns 0 0.17 0.33 0.50 ©.67 ©.83 1.00
1276 | <0.67  =0.37 =0.16 =0.03 0.10 0.2% 0.46
1700 | - — -0.10 C.05 0.23 0.48  0.73
1040 | - - - - - - -
B/ 3700? - - - - -0.10 0.18 0.hs
4600 | - - - - - - -
7600 | =1.50  =1.09 =0.79 =0.63 =0.4 =0.29 0
113,500 | -2.33 -1.58 -1.30 -1.10 -C.54 «0.55 ~C.15
Fgue tion, Béigz f(ks)
/A ) ;
0 B/x° = -0.0772x10‘8Ns2 -1,2440x10-4Ns -0.51C0O |
0.17 | B/A® = 0.2520%x107 °Ns2 ~l.3622XlO"th ~0.2003 |
0.33 | B/a® = 0.1513x10“8N52 -1.1999x10™ "Ns + 0.0423
.50 | B/x® = 0.1755%107ONs2 -1.1862x10" His +0.1792
0.67 | B2 = 0.2856x10-8ys2 -1.2598x107"Ns +0,338%
0.83 B/ = 0.354CX10‘8N52 -1,3053x10“”Ns'4~o.5543
1.00 | B/® = 0.4065x10"0rs?  -1.2508x107 s +0.7829
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FIGURE 1
Data from TARLE 3 at g/ = ©
Ne 1276 1700 1940 3700 4600 7600
N/ ? 1.29 1.08 1.41 1.40 1.68 1.96

"has 2 2né degree polynomial fit through it resulting in the

following equation:

L

8ys® Ne + 1.0688

n/s? = 0.0870X107°Ns® + 1.1138X10"

2

1350C
2.73
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Nomenclature

H Freczure head

HR Rated pressure head of a pump

h Dimensionless pressure head H/Hg
N Rotational speed of a pump

Np Rated rotational speed of a pump

NS Specific pump speed Np VOp

Discharge

Rated dischare

e of a pump

fge)

Dimensionless discharge Q/QR

Torque on a pump

Q

SR

q

T

Tr Rated torque of a pump
o Dimensionless speed ratio N/NR
A

Dimencionless toraue ratio T/TR

D . . .
Constant ccefficients in the 6th degree polynonia®
E, equations representinz & pump's characteristics

Note: “Rated" refers to the point of best efficiency at normsl
spead.,

iv
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DESCRIIMTICN CF PROGRAMN

The main progran uses the method of characteristics as des-
cribed in Reference 2 to compute the transients in the pipes.
This involves using two equations; onc from the downstrean dir-
ection and the other from the upstrean direction, as well as a
continuity equation for head, and another eguation for discharge.
Thecse four equations are solved simultaneously for head and dis-
charge at the point of interest. When a pipe boundary is a
vump, tiie head and discharge at the pump are a function of the

head and discharge from the upstream and downstream pipes, the

ol , & relation (function of WRQ), and the pump's chsaracteristic

1

relation. Thus four relations are used to solve forX,&, ¢, and h

of the pump at any specific time. At each time increment the pump
charzcteristic relation uses two ol the twelve equations determined
by the nmethod shown in this thesis. The two equations to be used

at any given %time are deternined by the zone of operation in which

ram use the results of this thesis.

Two subroutines in the pro

-

They are the PIMPSB sukrovutine and the COEFP subroutine. Following

is a description and listing of each.
PILPSE

The pump subroutine (PUHPSB(I), I representing the pump in
question) has two mzin functionsj; (1) to determine the initiel

operating condition of the pump, and (2) to determine the
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operating condition at any time after a pover failure. The dis-
cussion here will be concerned with deter::ining the operating
condition of the pump after power failure. The upstream pipe
characteristic has the forms
QP(i,J) + CF2 x HP(X,J) = CFl.
The downstream pipe characteristic hzs the form:

QP(X,J) + CB2 x HP(X,J) = CBl, where (K) represents the

pipe of interest and (J) represents the segment in pipe (k) that

n

¢

ie clogest to the pump. At statement 20100 the pump speed is
estimated using the speed at the previous time increment (ALPHAP(I),

I is the pump under consideration) and an estimated change in

<

speed (DALPP(I)). The discharge is then estimated (QPPI) using

a siniler procedure. This determines the value of /g used in

the thesis so that the zone of operstion and the anpronriate 6th
degree polynomizl coefficients can te stored in A1, Bl, Cl, D1, El,
Fl, and Gl. U and D ere then substituted for <« and d (AL and
QFPI).

Statement 203CO computes tihe head across the pump (HPP(I)),
and the next statement computes the torque on the pump (BETAI)
(the h and B used in the paper).

The downstrean pipe head (HP(JDPIi,(1l)) and discharge
(QP(JDPM, 1)) are then calculated using an equation derived fron
the characteristic eqﬁations and the .continuity equations. This
head and discharge are compared with the discharge and speed
assuned at thé beginning of the subroutine. If the error is too

lerge, the procedure is repeated, and continues itcrating until

<.
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the error is zccentable. Values ofx,8, ¢, and h for the pump,

discherge of the downstream and upstrean pipe are

.

and the head an
then esteblicshed for the specified time (TINE). Tne subroutine
ie used once each time increment so a history of the transient is

nown.,
COERP

The subroutine (COEFP(I) I represents the pump in question)
conputes the coefficients of the 12 cixth degree equations which
represent a pump's chafacteristics. The specific speed (SNS(I))
of the pump is determined in the mein program from the values ‘
read in Tepresenting the pump, i.e., rated head, discharge, and
speed. X1, X2, .... X6 arc the velues of the absissa in the
paper, and the YC, Y1, .... Y6 are determined from the appropriate
equation for each table. From statenent 19200 on, the Gaussian

.

elimination method is used to determine the coefficients of a
6th degree molynomial which will go through the 7 pointe (X,Y)
of the characteristic. The coefficients have the form AHOP(I,J),
BHOP(I,J), CHOP(I,J), DHQP(I,J), and so forth. These are common

akles to the prozrem so they cen be used in the subrouvtine that

rJ
=
e

comprutes the puwsp transient.

The variatle NSES(I) can have velues of ¢, 1276, 76CC, or
13,500, If the velue of C is stored, the subroutine will p‘roduce
charzeterictics s outlined in the paper. If any one of the cther

three are stored, the corresponding original characteristic is
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-reproduced., Thus the program has the option of using a specific
N
- “ . . -'! .
knoun characteristic or determining a characteristic using the

procedure outlined in the thesis,

AS



P T"'1566 [ [ e e
Ig .I;I - - U O et e vt e
- © SUBROUTINE PUMPSB(I,JOPN,JUPNyJUPNN)
.. C . - e e e
c SUBROUTINE TO COMPUTE H [ Q AT A PUMP
S R

1 WR2RP{(10) yAKL1P(10), ALPHAP(10) ,BETAP(10),
Y- e QPP(10) 4HPP(10) s DALPP(1G) +0QPPALC) s ..
3 IDPNP(10), IUPNP(10)
Lo L
COMMON/CPPC/ZAHQP(104+3) yBHQAP (10 +3) 4 CHQP (10, 3)
RS | e e DHQP (109 3) y EHQP (1D 43) y FHQP (10,4 3) 4GHQP (10, 3),
2 . AHAP (1043) yBHAP (103 53) 5 CHAP(10,3),

. S e .. DHAP (1393) s EHAP (10 +3) s FHAP (134 3) yGHAP (10,3,
[N ABQP (10+3) yBBAP (10 +3) yCBGP(13,3),.
B L ..DBQP(13+3) ,EBQP(10.43),FBQP (10,3),6BQP(10,3),
6 ABAP(1053) yBBAP(10+3),CBAP(15,3),

o 7 . DBAP(104+3)EBAP(1043),FBAP(1053)+GBAP(18,3),
8 SNS (13)s NSNS(10)
SR A - . - e . e . .
c :
.C___ AT _T=3 ASSUME AL”HA=1- GET STEADY STATE PUMPING
C
R CF2=,7854*PIPDIACJUPN) *#2%32 ,2/PCELET(JUPNY _
CFL=Q(JUPNy JUPNN=1)+CF2*H(JUPNyJUPNN=1}
S C=DT*PFRICT(JUPN) *ABS(Q(JUPNy JUPNN=1)) *Q(JUPN, JUPNN=1)
2 /(2. *PIPDIA(JUPN) ¥%¥3%,7854)
e [B2== 78542 IPDIA(JOPN) *#2%32 . 2/PCELET(JOPN)
" CBL=QUJDPN,2)+CB2*H(JDPN,2)
1  =DT*PFRICT(JDPN) *ABS(Q(JDPN32) ) *Q(JDPN,2)
2 /(2.%PIPDIA(JOPN) **3%,7854)
. IF(TIME-,U001)20410520010,2010¢ e
209010 ~ QPP1=Q(JDPN, 1) /QRATEPI(I)
. 20040 _ IF(QPP1~1)2006U,2605G6520050 -
20050 A1=AHQP(Is1}
. __B1=BHQP(Is1)
C1=CHAP(I,1)
D1=DHQP(I,1) L
E1=EHAP(I,1)
Fi=FHAP(Is1)
G1=GHAP(I,1)
A2=ABQP(I,1)
B82=BBQAP(I,1)
C2=0BAP(I,1) - _ L
D2=DBAP(I,1)
E2=EBQP(I,1) e
F2=FBQRP(I.1)
G2=53BAP(I,1)
QA=QPP1L
) 50 To 20070 o . o
20060 A1=AHAP(I,1)
81=BHAP(I,1)
C1=CHAP(I,1)

 COMMON/ GSUB1/
ZOMMON/GSUB2/ PIPDIA(20) ,
SOMMON/CDT/ PLENGH(2D) ,

PCELET (20) ,

PFRICT(2G),

NPIPES

<OMMON/CPP/QRATEP(10)+HRATEP(10) y SRATEP(10)>

Q(20,200) 4 H(20,200), QP(20,2G0) s HP (20,200)
NSEG (20).5 DT, TIME

A6
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I5.4I  PUMPSB B

D1=DHAP(I,1)
LE1=EHAP(I,1)
F1=FHAP(I,1)
e e e e B1EGHAP TN L)
A2=ABAP(I,1)
_.B2=BBAP(I,1) e
C2=CBAP(Is1)
02=DBAP(I,1) S C T
E2=EBAP(I,1)
SRR 8-t <12 Y e 0 A T N RN e
G2=GBAP(I,1)
e @A=L /QPPL S
60 TO 20371
20070 HP2(I)=A1/ QA¥¥4+B1/__QA¥*¥3+4Cl/ QA¥¥2401/ QA+

1 Ed +F1*QA +G1*QA**2
GG YO 20072 . ... .

20071 HPP(I)=A1/QA**6+B1/QA**¥5+C1/QA**4+D1/QA**3+EL/QA*¥2
R SR __ ¥F1/7QA+GL .
200872 HP(JDPNy1)=((CF1-CB1)/CF2+HRATEP (I) *HPP(I))/ (1.-CB2/CF2)
. QPP2=(CBL1~CB2*HP(JDPN,+1))/QRATEP(I)
CWRITE(61,23075)QPP1,QPP2,HPP(I) yHP (JDPN,1)
. 200875 FORMAT(4EL12.5)

IF(ABS(QPP1-QPP2)~.0004)20090,2009C+206088

20080 QPP1=QPP2 e
30 TO 2008460
20090 HP(JUP-Ns JUPNN) =(CF £=-QPP2*QRATEP(I) ) /CF2
QP({JUP Ny JUPNN) =QPP2*QRATEP (1)
) ALPHAP(I)=1, ‘ - -
IF(APP1=1.)230335,20095,28097
20095 BETAP(I) =A2/QA¥¥6+B2/QA%*5+C2/0A¥%4+02/QA**3+E2/QA**2
1 ¢F2/QA+G2
o ....60O T0 20098 , - ’ . .
20097 BETAP(I) =A2/QA**¥4+B2/QA**3+C2/QA**2+D2/QA+
B 1 E2+F2%QA+G2*QA%*2
20098 DALPP(I) ==,003
e DOPP(IV=-.0302 .
QP(JDOPN, 1) =QPP2*QRATEP (I)
R QP2 (I) =QPP2
" RETURN
c e e
C
C DO TRANSIENT PUMP CALCULATIONS
C
20100  ALL=ALPHAP(I)4DALPP(I)
QPP1=2PP (L) +DQPP(I)
20110 IF(AL1/QPP1)20160,20123,20120 ) o
20120 IF(AL1)23193+52013G+20130
20130 IF(AL1/QPP1-1.) 20140, 26140,20158 o
20140 A1=AHQP(I,1)

B1=BHQP(I,1)
C1=CHAP(I,1)

O 01=0HQP(1,1) e -~
E41=EHAP(I,1)
F1=FHQP(I,+1)

G1=GHQP(I,1)
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_AS

541 PUMPSB
A2=A38QP(I,1)
B2=BBAP(I,1) e
C2=CBQP(I,1)
e D2=DBAP(IL1) e o e e —
E2=EBQAP(I,1)
F2=FBQAP(I,1) R
G2=GBQP(I,1)
. U=AL1 e T
0=QPP1
30 T 0 20300 e _— -
c
_.C______ PUMP ZONE Q/A LESS 1 -
c
..20150 _ . A1=AHAP(I,1)_ . ~
B1=BHAP(I,1)
e CA=CHAP(Is1) . .. e _
D1=DHAP(I,1)
e EASERAPI(I,1) .
F1=FHAP(Is1)
- . G1=GHAP(I,1) _ - _ .
A2=ABAP(Iy1)
... B2=BBAP(Is1) e e e e . . —
C2=CBAP(I,1)
_D2=DBAP(Is1) e e
E2=EBAP(Is1)
e F2=FBAP(Ie1) . _ . . .. . _ )
62=3BAP(I,1)
e U=QPPA_ . I S
D=AL1
.50 70.206300 . o
c
...C____ ENERGY DISS ZONE A/Q LESS 1 . .

..20160

20170 A1=AHQP(I.2)

B1=BHQAP(I,2)  _  _

CIF(ALL/7QP21+41,)201803420180,203176

C1=CHQP(I,2)
e _ D1=DHQP(Iy2) _ __ S —_
E1=EHIP(I,2)
_ F1=FHQP(I,2) e R - )
G1=GHQP(I,2) '
. AZ=ABAP(IN2) R - e e I
B2=BBAP(I,2)
__C2=CBAP(I,2) o
D2=0DBAP(I,2)
.. E2=EBAP(I,2) e e e e e e
F2=FBAP(I,2)
 62=GBAP(I,2)
UsAL1
e .. D=3PPL e
50 TO 20330
I U B e e e
c ENERGY DISS ZONE Q/A LESS 1
c
20189 A1z AHAP (I,2)



. T=1566.

P d

... 2e19d
20200

TEyNPSE T T

2070 20330

"B1=BHAP(I,2)
C1=CHAP(I,2)

D1=DHAP(I,2)
E1=EHAP(I,2)

F1=FHAP(I,2)

G1=GHAP(I,2)
A2=ABAP(I,2)
B2=8BBAP(I,2)
C2=CBAP(I,2)

B2=DBAP(I,2)

E2=EBAP(I,2)

__F2=FBAP(Is2)_

6G2=GBAP(I,2)

_U=aPP1

D=AL1

AQ

A1=AHQP(I,3)

 B1=BHQP(I,3)

C1=CHAP(I,3)

- D1=DHAP(I,3)

E1=EHAPI(I,3)
F1=FHAPA(TI43)
G1=GHAP(I,3)

A2=ABQP(I,3)

B2=BBAP(I43)

_C2=CBQAP(Iy3)

02=0B3P(I,3)
E2=EBQP(I,3)
F2=FBAP(I,3)
U=AL1
D=QPP1L

20 TO 20331

A1=AHAP(I,3)
B1=8HAP(I,3)

C1=CHAP(I+3)

D1=DHAP(I,3)

 E1=EHAP(I,3)

F1=sFHAP(I,3)
G1=GHAP(I,3)
A2=ABAP(I,3)
B2=8BBAP(I,43)

.C___ _TURBINE ZONE A/Q LESS 1

c

.G TURBINE ZONE Q/A LESS 1
c
2

C2=CBAP{I.,3)

D2=DBAP(1,3)
E2=EBAP(I,3)
F2=FBAP(I,43)

G2=GBAP(I43)
U=arP1
D=AL1

 IF(AL1/7QPPL1-1.,)2520G, 20200423210




AlO
T-1566 .

'5_.41 e e PUMPS g T e et .
-__._._c. e i e+ e e e e e et ot £ e et £ e £ et e e e
G .. CGALSe HEAD AGROSS PUMP__ et e £ e+ e

e 203008 .. HPP(I)=A1¥U**p/D*%4 +B1*Y*¥5/D%¥%3 + Ci¥U¥*y4/D*%2_ .
1 +D1%U¥*3/0 +EL*U*U +F1%U*¥0 +G1*D*D
B BETA1= A2F¥U¥*6/D¥ %4 +B2¥U¥*5/0%¥3 + C2¥U*¥¥4/D%%2
1 +D2%U**3/D +E2%U*U +F2*U*D +G2#D*D
e HP(JDPNe1)=((CF1-CBL)/CF2+HRATEP(I)*HPP(I))/(1.=-CB2/CF2)
QP(JDPNy1)=CB1~-CB2¥HP(JDPN,y1)
e IF (ABS(QP(JOPN,y 1) ~QPP1*QRATEP(I) ) =-.0060)20320520320,20310__,
20310 QPP1=QP{JDBPN,1) /QRATEP (I}
e AL1=~AK1P (L) *(BETAL14BETAP(I)) *DT+ALPHAP(I)
50 TO 20110
220320 .. QP(JUPNsJUPNN)=QP (JDPN,1) . R
HP(JUPNy JUPNN)=HP (JDOPN,1)=-HPP(I) *HRATEP(I)
e O ALPPCIY AL L = ALPHAPU LY o e
ALPHAP(I)=AL1
_____ . BETAP(I)=BETA1
DQPP{I)=QPP1-QPP(1I)
_QPP(I)=QAP(JDPNy1) /OQRATEP(I)
RE TURN
_ END.

" _MULTI-BANK COMPILATION, e e , S




T-1566. o
47
SUBROUTINE COEFP(I)
c
C SUBROUTINE TO COMPUTE PUMP CHARACTERISTICS
c
COMMON/CPPC/AHQP (10 +3) 4BHQP (10, 3) s CHQP(10,3),
i DHQP (10 93) yEHQP (104 3) yFHQP(13843) 4,GHQAP(10+3) 5
2 AHAP (103 ,3) yBRAP (1L 4 3) s CHAP(104+3),
3 DHAP (10 4+3) sEHAP (104 3) yFHAP(10,3),GHAP (18,3},
L ABQP (10 4+3) s8BQP(10»3) 4+ CBAP(10+3)
5 _DBQP (10,3),EBQP(1043) 4,FBQAP(10,3),GBQAP (10,43},
) ABAP (10 43)+8BAP (104 3) ,CBAP(10,3),
. R A . DBAP {10 +3) +EBAP (104 3) sFBAP(1343)9sGBAP(10,3),y _
-8 SNS(18) s NSNS(1d)
C .
c J=1(PUMP) J=2 {ENERGY DISS) J=3(TURBINE)
G .
C K=1(HQ) K=2 (4A) K=3(BQ) K=4(BA)
c
c
e — — e e
C DO PUMP ZONE _
C - H/Q2 PUMP A/Q F 1
X1=,17
X2=¢33
X3=450
X&=,67
X5=,83
X6=1.30
IF{NSNS(I})}19C005+19005,19001
19001 IF{NSNS(I)~-7600)19002+,19003,1900 4%
c
19402 YG==-0.53
Yiz==0., 042
Y2=={ie22
Y3="U.0Q
Y4= B.23
Y5= (.56
‘GOTO 130U6
15G03 Yi==1.56
Yi=-1.13
Y2=-0.59 -
Y3==0.35
Y4= 0.05
Y5= J.52
o Y6= 1.00
3070 19006
19004 YG=-1.00 o
Yi==0.90
Y2=-0.75 - e
Y3==0.50
S e e
Y5= (.37
Y6= 1.00

_All

30T0 13005




e AL2

T-1566 - S
e y - ) —
19005 Y0=0,000E-12%SNS(I) **3+42,109E-B*SNS(I)¥*2-3,501E-4*SNS(I)~0.118
. Y1=0.000E-12*SNS(I) *¥3+1,237E-8¥SNS(I)**2-2,221E-4*SNS(I)=04157
Y2=0.000E-12*SNS(I) **3+40,511E-8*SNS (1) **¥2-1,197E-4*SNS(1)~0,076
e Y3=0,000E=12%SNSCI) **340 .20 GE-B¥SNS (1) %*2=0,678E~4*SNS(I)+6.059 _
Y4=0.000E-12"SNS(I) **3+0 . 053E-8*SNS(I)**2-0,377E~4*SNS(I) +0.303
¥5=0,000E-12%SNS(I) *%3=0 .14 9E~B8*SNS (1) *¥2+3 .0 34E-L*SNS(I) +0.594
Y6=0.000E-12°SNS(I) ¥*3+0,GOOE-B*SNS (1) **2+0 . 020E-4*SNS(I) +1.000
19006 . . J=i . __ -
K=1
e ..50.T0_19200 _ . :
c
o _ H/A2 _PUMP_Q/A __F_3
c

19040

19011
U
19012

. IFEANSNS(I1))19015,19015,19611. _____
IF(NSNS(I)-7600)190812,19013,419014

Y3=1.29
Yi=1.29 .
Ye=1.,27
Y¥3z1.23 _.
Y4=1,.18
¥Y5=1.,10

119013

19014

Y6=1,00
__.BOTO 188615 . .
YD=1,96
Yi=1.71
Y2=1.40
. Y3=1.21 .
Y4=1,.,12
¥5=1,16
YE=1.00
_.50T0 19015 .
Y3=2.73
..¥Y1=2.,33
ve=2.02
_Y3=1.76 _
Yi4=1,57
¥5=1.,36  _

Y6=1.GU
5070 19016

 YG=0.000E-12¥SNS(I) %5340 . UB87E-B*SNS(I)**2+1,114E-4*SNS(I) +1,069

Y1=0.000E=-12¥SNS(I)¥*3+0 +132E-8*SNS(I)*¥2+0.713E=-4¥5SNS({I)+1.123

Y2=0e000E~-12¥SNS(T) *¥3+4( 433E~8*SNS(I)**2+30G0E-4*SNS(I)+1,219

19020
19021

YS=0o000E-12*SNS(I)**3+40 .41 GE~B¥SNS(I)**¥2=-0.410E=-4*SNS(I)+1.147

Y3=0o000E-12%SNS(I) **3+0 ,634E-8*SNS(I)**¥2-0 +4B85E~L4¥SNS(I)+1,252
Y4=0 ¢ QU OE~12%SNS(I) **¥3+0.613E-8*¥SNS(I)*¥2-0,589E~4*SNS(I)+1.234

Y6=0+000E~12¥SNS(I) **3+0U00E~-8*SNS(I)**2+0,000E~4*SNS(I)+1,330
J=1 )
K=2
50 TO 1392440

' B/Q2 PUMP A/Q F 2

IF(NSNS(I))19025,19625,18021
IFINSNS(I))19022+19023,+19024



...19023 . .

.. T-1566

CJOEFP

Y0=-0.30
¥1=-0.16

Y 2=
Y3=
Y4=
¥Y5=
Yé=

.01
.20
0,43
0.70
1.0

© G0TO 13026

._.1s%624

Yi=-1.55
Y1=-(,93
Y2==0.0T
Y3==0.11

S Y4&= .29
Y5=
Y6=_ 1.050

.67

5070 130256

50T

Y0==0.5b
Yi==0.62
hYZ:#U.BB
Y3==0.39
‘MYQ;‘Boﬁs
¥Y5= (.51
Y6=
0 13826

1.00 _ _ _

Al3

YOUSD o U0UE-12¥SNSUI) ** 343,01 7E-B*SNS(I)*¥2~4,670E-4*¥SNS(I)+0.247

Y1=0cGI0E~12¥SNS{I) *#341 ¢426E-B¥SNS(I)*¥2-2 ,483E~-4*SNS(I) +0.134

Y250 000E-12¥SNS({I)*¥3+0.441E~8¥SNS(I1)*#%2-1 ,150E~4*SNS(I)+0.,150
"Y3=0e000E-12¥SNS(IV**3+0,013E-8¥SNS(I)*¥%¥2=-0,5(2E~4¥SNS(I)+3.264
Y4=0 000E-12%SNS(TI) *¥3+40 U4 TJE~B¥SNS(T)**¥2~0,43BE~-4*¥SNS(I)+0.555

YS=De0BOE-12%SNS(I) #%3~0 415 2E-8*SNS(I)**¥2+0,30E-L¥SNS(I)+C.728
Y6=0000E-12¥SNS(I)**3+0,000E-8*¥SNS(I)**¥2+40,GO00E-4*SNS(I)+1,000

194826 J=1
. K=3
30 TO 192013
e
c
... G .
19030
19031
c N
19032 YD=D.bb
Yi=0.54
o Y2=0.56
Y3=0e77
) Y4=0.86
Y5=0.9%
)  ¥6=1.00
50T0 13035
19033 Y{=1.48
Yi=1.18
-  Y2=05.98

Y3=3.91 -

Y&=0.90
Y5=0.98

B/A2

PUMP

Q/A F

IF(NSNS(I))19035,19835,19031
IF(NSNS(I)~7605)19932,19633,19034

o



- = T=1566

s

19034

13836

C
.C .
C
_GC_.
c
.G
i

9048

" COEFP

Y6=1.00

50T0 13035

YG=1.85

. Yi=1.67

¥Y2=1.,35
¥Y3=1.13
Y4=1.07
¥Y5=1,.,05
Y6=1.30

5070 13035

P

19035 Y0=0oU0UE-12¥SNS(I) *¥%3-0.68)E~8%SNS(I)¥*2+42,274E~4*SNS(I)+0,125
 Y1=0.000E=12*SNS(T) ¥*3-0 428 2E~8%SNS (I)**2+41,353E-4*SNS(I) +0, 351

Y2=0.000E-12¥SNS(I) *¥3=0 . G79E~8*SNS(I)**2+0.631E-4¥SNS(I)+0.552

.Y3=0c000E~12¥SNS(T) **3+( U22E~B¥SNS(I)**¥2+0,294E-4*SNS(I) +0.691

Y4=0+000E-12%SNS{I) *¥3+(058E-8¥SNS(I)**¥2+0.,123E~-4*SNS{I)+0.802
- Y5=0,000E-12¥SNS(I)**3+40 .046E-8*SNS(I}*¥240.043E~-4*SNS(]I)+0.,911
Y6=0 GOO0E~12¥SNS(I)**340.000E-8*¥SNS(I)**2+0CO0E-4¥SNS(I)+1.000

_.. 19061

c

ASek2

CIF(NSNS(I})19045,19045,19041
IF(NSNS(I)=75600)190642,19043,19044

d=1
K=%

_20.T0 13200

“ka:

DO ENERGY DISSIPATION ZONE

C X1=-
XZ-
-‘050

X5 ~.83

.17
33

~eb7

) X6==-1.50

_Y2=0.90

YG?0o59”mm

¥Y1=0.79

Y3=1.08
Y4=1.30
¥Y5=1.52

¥Y6=1.99 " . _.__

" BOTO 19046
19843

_..1984

 Yb4=4.20

¥Y2=3.20 _

Yi=2.17
Yi=2 .70

Y3=3.72

Y5=4473

‘”"vY6:5027
50TO 1303465
“YG;1.08

Yi=1.48

,Y2=2002A

Y3=2.70

' H/Q2 ENERGY DISS A/Q




4T

19045

__A9%04&6.

"~ COEFP

T-1566

Y4=3.60

¥Y5=4,82

¥Y6=5.29
3070 13045

Y0=-=5,303E-12%SNS(I)**3408.476E=-B8*SNS(I)**2~1.560E~4*SNS(I)+5,785
 ¥1=-H.9706Z~-12%¥SNS(I)¥%3+411,471E=8*SNS(I)*%%2-2,387E=4%SNS(I)+0,946

Y2==7+962E~12%SNS(I)**3+13,2L4E-8*SNS(I)**¥2-2,660E-4*SNS(1)+1,065
¥Y32-3.5915-12¥%SNS(I)**3+16,663E-8¥SNS(I)*¥¥2~4,325E-4*SNS(I)+1.363
Y4==9.767E~-12¥SNS(I)¥*3+17,293E-8*SNS(I)**2-4,038E~4*SNS(I)+1.567

¥5==9,3355=12%SNS(T)**%3+418,29B6E-B8¥SNS(I)**2=-4 L1TE-L¥*SNS(I)+1.883
2¥SNS(TI)**¥3+417,236E-8¥SNS(T)*¥*¥2=-3.794E~4¥SNS(I)+2.156

Y6==-9.,006E~1
_J=2
K=1
_.60 Y0 189200

2Ry K

19050
13051

19053

19054

19055

19052

—H/A2 ENERGY DISS Q/A _ _ F7

IF(NSNS(I))19055,19055,19651
IF(NSNS(I)=7600)19052,19053,19054

Yi=1.29
. Y1=1,31
Ye=1.35
VY3=1.“3
Y4=1.5b6
¥5:1.73
Y6=1.39
50T0 19355

Y0=1,356
Yi=2.16
Y2=2 .43
Y3=2.83
Y4=3 .01
Y5=4.18
Y6=5,.,27
3070 19056
Y(=2.73
Yi=3.27
Y2=3.86
Y3zbhaelt7
Y4=5,07
Y5:5.81
Y6=b6.29
50T0O 190556

YO0=+0oD0UZ-12%SNS(I)**3+00.087E-8*SNS(I)*¥2+1.114E-4*SNS(I)+1.069

Y1=+40.0U0E-12%SNS(I)**3+00.394E-8*SNS(T)**¥2+1 ., 145E-4*SNS(I)+1.016

 ¥2=#0.000E=12%SNS(I)**3+00.539E-8*SNS(I)**2+1,391E-L*SNS(T)+1.011

Y3=+3.000E-12%SNS(I)*%¥3+[.508E-8B¥SNS(I)*¥%¥2+41,897E-4*SNS(I)+1,004

Y4z #0.0005-12%SNS(I)¥**34+00,115E-8*SNS(I)**2+2,885E~4*SNS(I)+0.998

YS=4+0,UUCE=-12*SNS(I)**3-00.584E-8¥SNS(I1*¥2+4,409E-4¥SNS(I)+0.967

'Y6=~9.006E-12’SNS(I)‘*3+17.236E-8“SNS(I)’*2-3.794€-§“SNS(I)+2o156

.- Jzz. PR L ——— o — ) -
K=2
GO TO 19200




T-1566 -
T TR ey AT P
c B/Q2 ENERGY DISS Av/Q  F 6
. C : R

19068 IF(NSNS{I))139065+19065+19061
.. 19061 . IF(NSNS(I}=-7600)19062,19063,19064 . L ) .
C
....19062 . Y0=0e80 . e e e
Yi=0.91
.¥2=0e35 - e e e et e e - I
Y3=0.38
B U I S i e s e
¥Y5=1,32
~Yeé=1.06 - .
5070 19065
19063 .. YC=2eld . . ‘ - L
Y1=2.57
SRR (-3 S .- S - - S
Y3=3.40 .
e e Y4=3 .58 e et s e e e = 2 2o S et e e e 1 e et e e e e o e <t
Y5=3,95
. YB=k 22
5070 19066
Y0=0.57
Yi=1.07
Y2=1.560
¥Y3=2.25
¥Y5=4,30
e . X B=5652
5070 19565 _ .
319065 _YU==5,1275~12%SNS(I)*¥%¥34+08,058E=8*¥SNS(I)*%2~1 ,842E~L4¥SNS(I)+1.086_ _
Yi==H6.114E-12%SNS(I)¥%¥3409.617E-8#SNS(I)*¥*¥2=1,867E-4*SNS(I)+41.109
Y2z ~T oDl 2E~12%SNS{I)¥¥3411,204LE-8¥SNS(I)¥%¥2-1,951E-4*SNS(I)+1.143 _

w.-1306%

Y3==6¢8535=12%SNS(T)¥*3+10.,792E-8¥SNS(I)**2-1,22JE-4*SNS(I)+1.091
e 2 Y 4==5 0 05E=-412¥SNS(I) *¥34074174E-B#SNS(I)* %241 ,14TE-L*SNS(I)+0.,852
¥5==2.871E~12¥SNS(I)*#3+03,255E-8¥SNS(I)*¥2+3.576E=4¥SNS(I)+0.604
- Y6=~00623E-12*SNS(I)**3-00.814E-8*SNS(I)*¥*¥2+0,068E~4¥SNS(I)+0.346

19066 J=2
_K=3
GO TO 19230

L B
C

 B/A2 ENERGY DISS Q/A F&
C e
19070  IF(NSNS(I))19075,19075,19071

19071  _IF(NSNS(I)-7600)19972,19073,19074
: .
_..19072 YO0=D.4h

Yi=0.38
 ¥Y2=0.38 e S
Y3=20.63
_Y4=0.53 e e o
Y5=0.7h
. Y6=100:0 _ B e . o =

50T0 13975
19073 YG=1.48
Y1=1058



o b1

19074

 T-1566

"COEFP

Y2=1.72
Y3=2003
Y4=2.,47
. ¥Y5=23,23
Y6=4.22
50T0 13075
YE=1.,35
Y1=2.37
Y2=2.94%
_..¥3=3,067
Y&=4,38
_¥5=24,399

Y6=5.52
5070 138075

Al?

719075 YB=+0.000E-12%SNS(I)¥*3-00.660E-B*SNS(I)**2+2,274E-4*SNS(I)+0.125
Y1=+0,000E-12¥SNS(I) **3-00,428E~8*SNS(I)**2+2,281E-4*SNS(I)+0.074
Y2=+0.000E-12*SNS(I)**3-00,131E-8*SNS(I)**¥2+42.291E-4*SNS(I)+0.081

19078

c
c
cC 00
. C
c
c
1

9080

19081

19082 .

19083

 Y3=+0.000E-12%SNS(I)*¥3+00,091E=8*SNS(I)**¥242.515E~4*SNS(I)+0.102

Y4=+D0s00GE~12%SNS(I)*¥*3+00.096E=8¥SNS(I)**¥2+2.,968E~4¥SNS(I)+0.192

YS=4+0 . 000E=-12*SNS(I)*¥3-0J,817E~8¥SNS(I)¥*¥2+4.625E~4*%SNS(I)+{.227

Yo=~Deb23E-12¥SNS(I) ¥*3-U0eB8L14E-B¥SNS(I)**2+6,0068E~4¥*SNS(I)+J.3456

J=2
K=4
...20 TO 13230

TURBINE ZONE
H/7Q2 TURB A/Q

Xi=.17

X2=633

X3=z.50

Xl,: 067

X5=,83
. - X6=1.030 )
IF(NSNS(I))19085,19085,19081
IF(NSNS(I)=7505)19082,19083,

Y&=D.59
Y1=0 .64
. ¥220.563
Y320.66
Y4=0.73
Y5=0 .85
Y6=1.01
5070 19085
Y0=2.17
Y1=1.61
Y2=10107
Y3=UT7
o Y4=0.50
Y5=0e47
Y6=038 ..
GO0TO 138086

s

19684




;Qi”m

19084

19085

e 19886

13095

T-1566 - SR S

mﬂbbgggww.u . R S - :

Y0=1.,08
L..Y1=0.81 e e e e
Y2=0.78 .
SRR A £ BN A U e e
Y4=0.57
e YB H Y et et e e e e e e s e =
Y6=0.13.

. .507%0 13283 . . e e e e
Y{==5,303E-12*SNS{I)*¥3+08.470E~-B8¥SNS{I)*%2~1,560E~4*SNS(I)+0.785
L Y1=22.363E-12¥SNS{I)*¥*3+02.963E~8*SNS(I)**%2+0.,5T8E~-4*SNS(I)+0.540_
Y2=+0.030E-12%SNS(I)*%3«01.053E-8%SNS{Y)*¥*¥2+1,673E~-4*SNS(I)+0.%%1
Y3=#0c30CE~12%SNS(I)*¥*¥3-00.272E~B*SNS(I)*¥2+0452E~4*SNS(I)+0.643_
Y4=+0 000 -12¥SNS(I)**3+00.125E-8*SNS(I)*¥*#2-0,263E~4*SNS(I)+0.,793
_Y5=+0.00CE~12*SNS(I)**3+00,301E~-8*SNS(I)¥*2-0.783E-4*SNS(I)+0.940
Y6=f0-3005-12’SNS(I)**3+00.358E-8*SNS(I)f'2~1.2285-4*SNS(I)*1.132

K=1
.30 10 18230 ... . _ .. e e e e et e et e e -

-~

.H/AR2 TURB QA F 11

_ IF(NSNS(I))19085,19095,19091

IF(NSNS(I)—?BOO)19092,19093,196§4.
yos0.83 I
Y1=G.565 e i - B
Y2=0.69
. X BEB eT 3 e e e :

Y4=0,.79
2Y¥Y5=0.,88

Y6=1.01
_50TO 139095
Yi==0.67
e Y1==0e%6

Y2==0.28

e Y e Qe U e
Y4= J.00

... ¥5= 0.19 _ e e

Y6= (.38
YG=-2.20
Yi==-1,55
Y2==1.14
.. YZ==0.85
Yk==0.00
Y5=-0,28
. Y¥6= 0.13
G0TO 19§9%

U YO=4DeUDCE~125SNS(I) #*¥3-00. k4LOE-8%SNS(I)*%2-1.665E-4*SNS(I)+0.850

Yi=+0 ,000E-12¥SNS(I)**3-00,063E-8*SNS(I1¥**2-1,716E~-4*SNS(I)+0.880
Y2=+0.000E-12¢SNS(I)**¥3+00.065E-8¥SNS(I)**2-1,596E-4*SNS(I)+0.896

. Y3=4D L 000E=-12¥SNS(I)**3-00,146E=-8*SNS(T)**2-1,081E=-L4¥SNS(I)+0.,865

Ye=+000CLE-12¥%SNS(I)**3-00+043E~B8¥SNS(I)*%2-1,070E-4*SNS(I)+0.919
¥Y5=+0 000E~12%SNS(I)**¥3+00.132E~8¥SNS(I)**2-1,136E-4%SNS(I)+1.006
Y6=+0e000E-12%SNS(I)**3400,358E-8¥SNS(I)¥*2=1,228E-4%SNS(I}+1.,132



_.. K=2 !
0 TO 19200

5

~ ' B/Q2 TURB A/Q  F 16

 IF(NSNS(I))19105,19105,19101

CIF(NSNS(I)-756U0)191y2,19103419104

;NY0=0086
Yi=0.81
"vY2=0076

Y3=0.59
Xh=0.62”

¥Y5=0,.5%
. Y6=D,4b

_...-19103

19104

19105

" 19106

19110

19111

19112

GOTO 191d6
Y0z2.13

Yi=1.57
_Y2=1,15

Y3=[].83
Y4=0.56
Y5=0.31
Y6=0.00
191436
YG=D0.67
Yi=0.43
Y2a0.46
Y3=3.563
“YLh=( 5%
Y5=0.18
_ Y6=-0.15
G0TO 191056

5070

Y0==5,127E=-12%SNS(I)¥*3+08.,058E~8%SNS(T)*¥%2=1,842E=4¥SNS(T)+1.086
Yi==2.743E-12¥SNS(T)**¥3+403.70LE-8*SNS(IV*¥2-0,334E~-4¥SNS(I)+0.881
¥Y2=+0.00CE-12¥SNS(I)*¥*3-01,287E-8¥SNS(I)**2+1.627E~-4*SNS(I)+0.617
Y3=+0.000E=-12%SNS(I)**3=-03+392E~-8*SNS(I)**2+0.459E-4*SNS(I)+0.722
Y4=¢0.000G=-12%SNS(I)**#3=00.095E-8¥SNS(I)1*¥2=0,3U5E=4*SNS(I)+y.77¢C
YS=+0.JU0E-12¥SNS(I)**3+00,183E-8%SNS(I)**¥2-0.693E~4*SNS(I)+0.764

J=3
... K=3
30 TO 13230
"B/A2 TURB Q/A F 12
TIF(NSNS(IN)13115,19115,19111
IF(NSNS(I)~-7600)19112,19113,1911%

_YG=‘0057
Yi=~0.37
Y2='aq15

Y6z+0.GOOE-12*SNS(I)**3+ 00 407E=8¥SNS(I)**¥2~1,251E-4*SNS(I)+5.783

Y3z=04043
_YQ= 0e10
¥s= .24




T

1566 .-

A2C

o &l CaEFP s
Yes 0¢%5
- . GOTO 19116 S
19113 YE==1,50
U £ &1 (' 1= e et = s r16 w4 s e ~oeret oo oo memm e e —
Y2==0.73
R . Y3=-U.063 e e
Y4=-0o.4b
R e ¥5=-0,29__ e e e _— - .
Yé= 0.800
oo e @OTO 19346 . e e e
19114 Y(=-2,33
— Yi=-1.58 _ _ __
YZ2==-1.30
- ; Y3==-1,110 e e e . _
Y4==-(3.8%
I £ -8 | O3 S — - S

Y6==-0.15
.507T0. 139115  _

YG=4+04000E-12%SNS(T) *¥3=00.077E-8¥SNS(1)5%2-1.244E-4¥SNS (17 -0+510
 Y1=40,000E=-12*SNS(I)**3+00.252E-8%SNS(I)*%2-1,362E-4*SNS(I)=0,200 _

Y2=¢+000CE~12*SNS(I)**3+00,151E-8*SNS(I)**2-1.230E-4¥SNS(TI)+0.042

Y3=40.000E-12%SNS(I)¥*3+00,170E-8¥SNS(I)**¥2-1,186E~-4%¥SNS(I)+0.179

Y4=#0.000E~12*SNS(I)**3+400s286E=8*SNS(I)**¥2=1,260E~4*SNS(I)+3.338

Y5=¢0.000E~12*SNS(I)**3+00,354E-8*SNS(I)**2-1,305E=-4*SNS(I)+3d,554

YO=#0.000E-12*SNS(I)**3400407E-8*SNS(I)**%2-1,251E-4*SNS(I)+0.783

19116

_d=3 U

K=%&
T R .
c
. C___USE_MAYRIX_IO_CALCULATE COEF -
c
O R
19200 RSS ={(¥5~Y03)/(X6**p)
e RS5 ={Y5=-YD) /7 (X5*%B) N R -
RSy ={(Yas=YU)/(X&t¥*¥¥*6)
e RS3 _={Y3-Y5) /7 (X3¥%*p) e _ o ~
RS2 =(Y2-Y0)/(X2%%*6)
I . RSL ={Y1-YU)/7(Xi**6) __ __ . B
M
S QLo =1.7 XL e o i O SO
Q2 =1./X%X2
Q3 =1e/X3 . _ - e
Qb =1./X4
- Q% =1./X5 _ e L
' Qb =1./X6
Lo e . —_ S e e e S
R1 =Qi*Qi
R2 =Q2%Q2 e o
RI =23*Q3
o Rt =Q&*Qb o
R5 =Q5%Q5
e _..Rb_=Qb6*Q6 S
C
S1 =Q1i*R1
S2 =Q2°*R2




FekI

" COEFP

 S3 =Q3¥R3
Sk =24%Ru

S5 =Q5%R5
.S5._=26%5

. T1 =Q1%Si
T2 =Q2*S2

T3 =Q3¢S3

. TI5 =

ot saesTe T

Uk =QB%*TH6

T4 =Qu*Sh

T6 =Q6¥S6

uz =Q2¢12

U3 =Q3°T3
Ul =Qu*T4

US =Q5¢T5

" RS35={R56-RS1)/(Q6-Q1)

. RS35=(RS5=RS1)/(Q5-Q

151

RS34=({RS&~RS1)/(Q&-Q
RS33=(RS3-RS1)/(Q3-Q
RS32=(RS52=-RS1)/(Q2-Q

R61 =(R6~R1) /7(Q6-Q1)
R51L =(R5-R1)/7(Q5-Q1)
R41 =(R%¥-R1)/(Qt=-Q1)
R31 =(R3-R1)/(Q3-Q1)
R21 =(R2-R1)/(Q2~Q1)

$61 =(S5-51)/(Q6=~-Q1)

..§51 =(S5-51)/(Q5-Q1)

S41 =({SL~-51)/7(Q4~-Q1)
S$31 =(S3-S11/7(Q3-Q1)
$21 =(S2-51)/(Q2-Q1)

T6L =(T6=-T1)/(Q6~-G1)
={T5-T1)/(Q5=-Q1)
Tl =(T4=T1)/(Q4=Q1)

S T31L =(T3-T1)/7{Q3-Q1)

T21 =(T2-7T1)/(Q2-Q1)

.
SR
1)
1)

U6t =(U5-U1)/(Q6=-Q1)

‘y2t

usi
Ukl
U3t

=(U5=U1) /7 (Q5-0Q1)
=(Uk=U1) 7 (Qb=Q1)
=(U3=U1)/(Q3-Q1)
=(U2-U1)/(Q2-Q1)

RS45 ={S3B6=-RS32) /(R

RSk5 =(RS35~RS32) /(R
RS44 =(RS34-RS32) /(R
RS4#3 =(RS33=-RS32} /(R

61-R21)

51-R21)

41-R21)
31-R21)

A21




eI

T-1566

e e 042 . 2 (S41=8S21) /7 (R¥1-R21)Y.

e $32. = (8061-S21)/ (RE1=-R21) .

—...¥52 =(T351-T21)/(R51~-R21) _ e

S52 =(S51~-S211/(R51~-R21}

$32.=(831-S21)/7(R31-R21)

162 =(T61-T21)/(R61=-R21)

T42 =(TH1-T21)/ (R41-R21)

V32 . =(T34=-T21)/(R31-R21) o

s et
—-Ubz2 =(Ub1-U21)/.(R61=-R21) .
Us52 =(U51~-U21)/(R51-R21)
et e U2 = (U120 21) 7 (RG1-R21) -
U322 =(u31-U21)/(R31-R21)
U, S e+ e rmien S — e e o ——
C -
.. .RS56 = (RS4¥5-RS43) 7 (S62-S32)_
RS55 =(S45-RS43)/(S52-S32)
e .. RS54 =(RS44=-RS43)/(S42-S32) -
C
e e T2 3 = ATB2=T32) 7 (S62-S32) .. e
753 =(T152-T32)/7(552~-S32)
S —— T3 =(T42-T32)/7(S42=-532) . —
c
S e UB3 = (UB2-U32) 7 (S62-S32). o —
U53 =(U52-U32)/(5S52-S32)
S——— | 2 R § L YA VKT WA LY E NS ) . T y .
c
R S S S
RSBH ={RS56=RS54) /7 (163-T43)
.. RSH5 =(RS55-RS54) /(T53-T43) _ -
C
— LUbk =(UB3-UL3)/(T63-TL3)
Us4 =(US3-U43)/(TS53-T4LI)
SR S S
C
_...C___CALC 30EF_ - e e I
c .
R SO e e e e e e e < e e -
C
e __FE = (RSHH=-RS65)/(UbL~UBL) ST S -
C
R .. E = _RS65~-F*USL - —_— .
C
- ..D. = RS54-F¥UL3-E¥*T43 . - et e .
C
€ = RS43-F*¥U32~-E*T32~-D%532 ) . e
c =
. .. B = RS32-F*U21-E*T21-D¥S21-C*R21 - . e
C
e i .. A =_RS1 -F%U1 -E*T1 -D*Si -C*R1 =-B*Q1 ..
IF(J-1)19380,193006,19330
19300 IF(K-1)19500,19500,19310
19310 IF(K=2)193006+13520,19320



M

T-1566

. A23

Sl COEFP’ ’
19320 IF(K-3)19310,19540,19560 ‘\
C oot
18330 IF(J-2)19300,19340,19370 .
. 19340 . IF(K-1)19506,195006,19350 . e i o
19350 IF(K=2)1950834+19520,+19360
193610 IF(K=3)19350,1954£,13560 N - —
C
19370 IF(K-~1)139500,195006,19380 e
19383 IF(K=2)19370,19520,19390
e 19390 IF(K-3)19380,19540,19560 e e -
19500 AHQP(I,J)=A
-——. ... BHQP(I,J)=8
CHQP(I,J)=C
i DHQP (I 0)=D e
EHQP (I,J)=E
JFHRPA(I,J)=F . - R
GHQP (I, J)=6
e IFGU=1)190104190108,419510 S
195190 IF(J=-2)19010+19350,13090
C
1352¢ AHAP(I4J) =A,
o BHAP(I,J)=8
CHAP(I,J)=C
e ___DHAP(I,J)=0D e
EHAP (I44)=E
o ) FHAP(I4J)=F
GHAP(ILJ)=0
o IF(J~1)19620,19026,1385330 N
19538 IF(J-2)19420+19U606,19430
C
18540 ABQP(I,J)=A
e BBAP(I,4)=8
CBQP (I,J)=C
0B3P(I,J)=D R o
EBQP(I,J)=E
. __FBQP{I.J)=F
GBAP (1,J) =6
o IF(J=-1)19030,+134354+19550 L
1955) IF(J-2Y19030,19d76G,191108
c
19560 ABAP(I;J)=A
it ... BBAP(Iyu)=3 I - R
CBAP(I,J)=C
e DBAP(I,U)=D o R - o o -
EBAP(I,J)=E
GBAP(I4+J)=5
o - IF(J-1)19340+19040,19570 e
19573 IF(J=-2)19040,13086+19580
19580 CONTINUE e o L N
DO 138588 J=1,3
) _  WRITE(61413582)AHAP(I5J)sBHAP (I +J) yCHAP (I4J) s DHQAP (I sJ)
i EHQP(I9J) s FHQP (I 4J) s GHQP (I 4J)
HRAITE(61,19583)AHAP (T 4J) 4y BHAP(I 3J) yCHAP (I ,J)sDHAP(IyJ)y
i EHAP(IsJ) s FHAP (I sJ) sGHAP (I sJ)




AL

e T=1566

5.4  COEFP

NQITE (61 13583)ABQP(I J)oBBQP(I J) 9CBQP(19J) 9DBQP(IQJ) )
I EBQP(IyJ)'FBQP(I,J)1GBQP(Iy:J)
HRITE(€61,18583)ABAP(I15J)yBBAP(I+J)4CBAP(I,J) vDBAP(IvJ) ’
SRR S .. .EBAP(I43J)sFBAP(I+J)sGBAP(IJ) . —
19582 FORMAT(/7E12 5)
. 19583 FORMAT(7Z12.5) — S
19589 CONTINUE
CRETURN

i
© MULTI-BANK COMPILATION. T B
|




