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INTRODUCTION

This report describes the fabrication and 1abc>1;atory testing of a
1/12 scale model of the 5 branch converging manifold to be installed as
a component of the Virginia Electric and Power Company 1974 extension
of the Yorktown powef station, The design of the manifold (see Fig. 1)
was supplied by Brown & Root, Inc. The geometry of Branch number 1
as shown on Fig. 1 was modified slightly from the original design after
conferr@ng with Brown & Root, Inc. in order to facilitate the fabrication
of this branch of the model,

In addition to the fabrication of the manifold'.model, facilities were
constructed to carry out theAtesting of the model. These facilities con-
sisted of: (1) a head box designed to force equal flow rates thro1:1gh all
five inlet branches of the manifold (see Fig. 2}, (2) five inlet p;ipes which
convey the water from the five units in thé head box to each of five
branches, (3) a ZO—foétvlong 14 inch inside diametver pipe which conveyed
the discharge from the manifold, and (4) a discharge box vwi‘ch meaﬁs for
controlling the downstream head by means of two gates, one of which
closes the discharge pipe and the other controls the water level in the.
box. The test faéilities were located in the hydraulic laboratory of the
Utah Water Research Laboratory taking‘thAe water supply from one of

the 16 inch main supply lines and discharging the flow into a 3-foot
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Fig., 1. Design of manifold modelf.
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wide channel in the floor of the hydraulic laboratory which conveys the
water to the weighing tanks for accﬁ[rate flow réte determinations. The
photographs on Fig. 3 éhow the manifold model, the test facilities and

their layout.
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e

’

: N
{c} Test layout showing head box in (d) Top view of head box
center of photograph : ’ N

{e) Discharge box ’ (f} Piezometer board with a flow rate,
Q = 10 cfs

Fig. 3. Photographs showing manifold model and test facilities.



CONSTRUCTION OF MANIFOLD MODEL

The manifold model was constructed from steel with four 3 inch
diameter plexiglass windows located in the 14 inch discharge pipe
immediately downstream of the last inlet branch. The work of fabri-
cating thé model was done by Technical Services, a unit within Utah
State University with equipment and facilities to do this type of work.
Each branch, with its mainline stem, was fabricated as a separate
component of the model. The model was comﬁleted by bolting these
five components together, The primary motivation for fabricating the
model in these five separate components was to allow for possible
subsequent testing involving changes in the design 5f individual branches
of the manifold which might be proposed as a consequence of the‘presen‘t
model'é performance. The individual pieces used in each component
of the model were individually fabricated kwithin close tolerances, the
ends of these pieces were grooved to ensure exact alignment and then
welded together, After this assémbly the interior of each component
was hand worked to create as smooth a surface as practical. This
xx}orking consisted of carefully grinding off any edges at the j‘oints caused
by temperature stresses during welding, applying several coats of
paint and sanding the paint with fine sandpaperr. This process produced .

a surface which felt perfectly smooth to the finger touch.
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A total of 73 pressure taps were installed in the manifold including
4 taps in the 14 inch discharge pipe :_{see Figs. 1 and 3). The inlet of
each branch contained such a tap on :‘its top. Four taps were placed
around the pipe of each branch immediately beyond its bend. Three taps
were placed at the exit of each branch into the mainline, Féur taps'were
also placed in the mainline immediately upstream and also immediately
downstream from each of the branches and the mainline. In addition four
pressure taps were inserted in the 14 inches discharge pipe at a distance
of 4 feet beyond the end of the manifold.

f
. These pressure taps were constructed by welding a nipple containing

intef;al threads into a hole drilled into the wall of the manifold., The hole
coﬁtaining th; nippleﬂ‘ was drilled only part way through the wall, The
remaining depth of approximately 1/16 inch was drilled through with a
small diameter hole of 1/32 in;:h. A fitting over whiéh the tygon tube
which lead to fhe piezometer board and a sfnall valve were screwed into
the nipple.

For subsequent r’eference four subscripts will be used to denote ;
the pressure head measurements and other quantities associated with
the pressure taps. The first such subscript will bea "b'" or '"m' to
denote branch or mainline respectively., The second subscript denotes
the branch number if '"b' is the first subscript, or if "m" is the first

subscript, the second subscript denotes the number of the branch nearest

the pressure tap. The third subscript denotes the position of tap along
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the branch or mainline. For the branches the inlet position is denoted
by an "i," the position immediately beyond the bend by a '¢," and the
exit position by an "e." For the mainline taps, a 'u'' denotes
immediately upstream from the branch entry and a "'d'" immediately
downstream therefrom. The fourth subscripts will be a number 1 through
4 denoting the location of the tap at the section defined by the first three
subscripts. A 1 denotes the top, a 2 the right side when facing in the
direction of flow, a 3 the bottom, and a 4 the left side. Since only one
tap exists at the inlet of each branch, the fourth subscript will be deleted
when rgferring to taps denoted by (bli), (b2i), ... (b5i). This subscript
identification is consistent with and easily correlated Wi;tih the columns
and separate rows in the tables given subsequently which contain the

data from the tests.



CONSTRUCTION OF HEAD BOX

The dimensions of the head box are given in Fig. 2, It is divided
into three separate compartments. The first compartment receives the
water from the laboratory supply line from af4 inch perforated pipe. Grating
is placed above this pipe for the purpose of damping out large scale
turbulent eddies, Five identical shape rectangular contracted weirs
were fabricated and installed near the top of the partition which separates
the first anid middle comparfments of the head box. The crests of thgse
Weirsj}were all set at the same elevation and were used to provide identical
flow rates to i?ieach ofk the branches of the manifold, Four parallel partitions
divided the middle and final compartments of the head box into five separate
units which supply the flow raté to each of the branches of the manifold,

A 7 inch thick baffling of rock ‘With diameter sizes up to approximately
1% inches were placed to separate the middle and final compartments
of each unit.

Preliminary tests indicated that considerable air was entrained in
the water upon falling from the weir into the water in the second compart-
ments, and was carried through the rock baffles and into the manifold
branches. Subsequently each unit of the second compartment was fitted
with a sliding 3/4 inch sheet of plywood which slbped forward and down-

ward, The water falling from the weirs was deflected forward by this

sheet and forced to pond near its bottom. In addition rolls made of bug
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screen were placed on these inclined sheets causing the free overall of
water to be broken up before entering the pond at the bottom and also
providing for additional energy dissipation. After installation of the
inclined sheets and bug screens within each unit of the second compartments
no air was visible as the water emerged into the third compartments.
However,; particularly at the higher flow rates, a thin froth developed
near the downstream end of the units in the third compartment, i.ndicating
that some small size air bubbles were still passing through the rock
baffles. Since the head box was op‘erated with 2 feet or more of water
above the discharge pipes, it is doubtful whether any air bubbles with
the capability of fising in the manifolad were carried out of the head box,
No air accumulated in Ehe pressure taps, nor was any air visible in the

manifold windows.
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CALIBRATION OF WEIRS

Since it was desirable to measﬁre the piezometric head at the
various taps for specified flow rates, the relationship of flow rate to
depth of water in the first compartment of the head box was determined.
To determine this relationship the discharge from the manifold was
directed into the automatic weighing tanks. A piezometer from the
first compartment gave the hgad for each of thése discharges. The
results from this calibration are shown on F'ig. 4, Fitting a straight
1iné to the callibration data gives the following relationship of flow rate

to height of head above the weir crest,

Q (cfs) = 0.385h;*°5(in.) e
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TEST PROCEDURE

After adjusting the valves on the supply line so that the head on
the weirs corresponded to the desired flow rate, the gates in the discharge
box were adjusted so that 2 feet or more pressure head existed at the
inlets to the manifold branches. Each of the piezometers were flushed
of any air pockets entrapped in the tygon tubes due to start-up. After |
the flow was well established the piezometers were read and the height
of water in each such column rec_ord.ed, In obtaining this data it was
nece‘gsary}to switch the single tygon tube which serviced the four pressure
taps-j}ust belc?w the bend of ea;h branch and the single tygon tube which
serviced the .three p‘:ressure taps at the exit éf each branch. This
procedufe was necessary because the piezometer board which was used
consisted of 50 glass tubes whereas the manifold contained 73 pressure
taps. In obtaiﬁing the data for a few flow rates, the tubes were not
switched to different pressure taps and consequently only 50 piezometric
head measurements were obtained in these tests. In the majority of tests,
however, 73 piezometric heads were recorded.

After collecting the piezometric head data for a given flow rate,
the valves on the supply line were adjusted for the next flow rate and the
procedure repeated. Four series of tests were performed in this manner.
The first series began with a flow rate of 2 cfs and proceeded to a flow

rate of 12 cfs in 2 ofs increments.  In this series two sets of data were
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obtained for a flow rate of 4 cfs. On the following day the second series
of test data were obtained starting with 14 cfs and decreasing to 2 cfs in‘
increments of 2 cfs.

In obtaining the data from the first two series of tests it was observed
that although the total flow rate through the system did not change, the
water level in the piezometers did not completely stabilize, but fluc-
tuated in a random fashion. From a number of spot checks it appeared
that the magnitude of this fluctuation was as large as £1/2 inch -in some
of the piezometer tubes. When the 1érge fluctuations occurred, the
water lgvel quite rapidly adjustéd itself toward the mean position.

After working up the data from the first two series of tests, and - _
examining the results and inconsistencies between equal flow rates in
these test series, if was concluded that the observed fluctuation probably
accounted for ml;.Ch of the incfonsistency in the data. Conseq_uéntiy, in
obtaining the data in the third and fourth series of tests it was decided
that the manometer board would be photographed, and the piezometric
heads read from the photographs. This procedure would at 1eést insure
that 50 of the piezometric heads would all be recorded at the same instant
of time.

The third and fourth series of data were obtaiﬁed dufing the same
day with the system in continuous operatioh. The third series began
with 2 cfs and the flow rate was increased in 2 cfs increments to 147cfs.

Then the fourth series began and the flow rate was decreased in 2 cfs



15
increments down to 2 cfs. Only one set of piezometric head data were
obtained af the 14 cfs flow rate in these two test series.

The pressure tap on the top of”' the 14 inch discharge pipe 4 feet
from the endbof the manifold was selected as a reference to adjust the
piezometric heads record from switching the tygon tubes on the branches
below the bend and their exits. This reference piezometer showed no
fluctuation as did some of the piezometers attacized to the manifold,

To evaluate the stability of the pressure at the downstream section
and also the piezometer which records the head on the weirs, they were
both monit;red continually for a 2 hour period. During this period,
thesg piezom{a’cers were very stable, The variation was within * 0,005
inch. This s:tability' indicates that the total flowpasﬁng thrdugh the
system does not vary with time. Consequently, the fluctuation observed
in the other piezometers is due to a low frequency transient which
develops randomly between the 5 separate units of the head box and the
5 manifold branches. Such transients are charactevristi'.;: of turbulent
flows, - In the flow system of the test set-up large turbulent eddies cause
~a momentary change in the flow conditions in thg ménifold. The effect
of this change is passed to the head box reservoir with the result that
its water level begins to rise (or falls) slightly. But since very little
viscous damping exists for small secondary flows between‘ manifold

branches, water level in this unit of the head box unit continues to rise

while that in another unit falls until gravity reverses the secondary
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flow. The turbulent eddies act as a triggering mechanism to keep the
processing operating continually.

The magnitude of this fluctuation is of insignificant consequence
in head loss determinations. Its only effect is that the recorded data
may not represent the mean water depth in any particular piezometer.
Consequently the data is not reliable to the precision with which it can
be recorded, but rather it should be interpreted as being subject to a

probable error in the magnitude of approximately * 0.1 inch.
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TEST DATA

The piezometricl head data collected from the tests which have been
referred to as series 1 and 2 are summarized in vTable 1 along with other
items of interest concerning the flows., Table 2 gives the same data from
series 3 and 4. This latter data should be given greater weight than the
former, for reasons explained above. The columns in these tables are V
ordered in a down flow direction starting with Branch 1 to the section
4 feet downstream in the discharge pipe Wheré the pressure taps were

i
placed. Under each branch, with the exception of the first branch

Whe;e exit is;also the mainline, three columns contain the data at its
inlet, at the iaec‘cionn:'Lm.rnediately downstream from its bend (denoted by
cent., for center) and its exit.. The columns befqre and after each branch,
denoted by mainline, contain tge data from the section in the mainline
where the pressure taps were installed iminediately ﬁpstream and down-~
‘stream respectively from the junctions of each branch with the mainline.
Under each flow rate the lines in these tables give the following information.
Line 1 containsthe mean velo;:ities at each of the gix}en sections in
feet per second.
Line 2 gives the Reynolds number at each section multiplied by
107", Thése values were computed using a wéter témééf'étu.re of ‘486}?"
(QOC), (which was observed to be fairly constant during all tests), which

5

- 2
gives a kinematic viscosity equal to 1.45 x 10 ~ ft /sec.



Table 1. Summary of series 1 and 2 preliminary test data from the proposed Yorktown power station manifold.
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YOTAL HEAD CINY 7821 786! 78079441 78001786778 78L0] 73071 7817849 77071778 79e3{ 7940 7845 77e3| T 7«4]78.3,79.0 78,7 7741 77.1
TOVAL H ABOVE € Stef 5349 534354075303 5349|5361 8303|550, 530415402 S3001531154.6|5043 5348] 5246|5247 54,5543 54.0| 528 52.4
H ABOVE DOWNST. 20" 1.5 9] 243 w8 Y.8] T o7 « 8 2-5‘ Lo 17| «B* ‘OE T2e2 103 14 ell. 3 2-2 . 1e9 l.06 o 0
AH/VEL H DOWNS «76|° B 7 .98 © .85 e85 11 L.
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Table 1.

Continued.

L BRANCH 1
INLET]

D (CFS) = 5.0;
VELOCITIESIFPS),
REY. NO. X10E-S
PRE SSURE H (IN)

AVe PRES. RUIN}
VELOCITY H.tIN}
TOT AL HEAD tIN)
TOTAL H ABOVE ¢
H ABOVE DOWNST.
AHfVEL H DOWNMS.

o (CFSY 8.07
VELOCITIESIFPRS)
REY. NO. ¥X10E-5
PRESSURE H LIN}

AVe PRES. H(IN)
VELOCITY H.(IN}
YoTaAL: HEAD (IN}
TOTAL H 280VE ¢
H ABOVE DOWNST.
AH/YEL H DOWNS.

0 {CFS) 16.0°
VELOCITIEStIFPSY
REY . NOe. X10E-S
PRESSURE H (IN}

AV. PRES« H{IN)
VEL OCITY H.{IN)
TOTAL: HEAD (IN)
TOTAL H ABOVE ¢
H ABOVE DOWNST.
AH/VEL H DOWNSe

PORRET
PR

61.3
5. 05
GEe b
41.7
S.U
« 34

81.5
8.98
905
65.8
8«4
.85

BlUa b4
14.04
784
53.7
1445
"« 89

CENT,
5.2

1.9
6Ele7

5. 05
66.7
4200
5.3

N
. 2 s

-0V 0

821
8. 98
66e4
18 ¢

N
v e

3N -~

6530
14 04
79%0
5443
1541

61.7

T
MAIN

RRANCH 2

LINE

2.8

6948
718
69‘5
B8 .4
£9.9
1.43
71.3
UG .6
T4

INLET

83.2
8.98
922
10.1
.87

662
18,04
‘BlW2
55‘0 S‘
16.3
1.00

82.2

CENT «

624
'2.85
65.°3
4346

83.8
507
88.9
B4 .42
‘68

. &~

KQ‘BA .

EXIT

2.20
656"
Y.7

.0

-

T lheb:
T 261

Y850

85L0
1.91
88.9
E4e2-
‘ 508'

1827
787

160 .3

1573

LMAIN'MAIN

LINE, LINE

AR S ——

b8
209
82 5
83.7

81.%9
3.67
85«6
U3

35|

545
37
65 «5
67«7
65 «9

5'1

6647
6747
6645
£7.1
E7%0
b.as
71.8
4741
"T.9

64 «8

70 u6
45«2
66

(1924

BRANCH. 3

MAIN

INLET

6247
5.085
677
43 .0
6.3

£.9

83«4

83.4
8.98

677
18.3
.58

BT
Y4

670
14k 0y
81 .0
5643
171
1L05

1.07)

2 b

67.0]

CENT.] EXIT

o g

 Je 8
1.7
6247

6527
2485
£S5 6
409
' Be2

N .

82.5
892
G4 .5
Tel

-0

e

65 «6

65 ob
10w 44
75 .0
51.3
12.1

EBe2
7492
‘761
51l
12,2

LINE

79.0
7 Je 5

1 78e1

73.7
T 746
B .96
84.5
59.8
D 2et

" Teb
‘53
59,7
E1le1
‘58.7
Blel
57.6"
10.87
B8eS
3.9
PR 2 -8

N

MAT

BRANCH

L]

LINE

INLETCENT S

©62.0

671

5.7

6543
1404

Sh. 6

79.3|

15.4)°

EXIT

79.1
8.98
88.1
3.4
- BeU

53.1
Shel
5248
44,0
51.0
14.04
6561
404
' 101

HAIN Bﬁgﬁgﬁ,i__ﬁA:NioouN~
LINEINLETCENT ] EXIT LINCSTREAM
S 845 5.2 542 .3 5.6 56

3.6 1.9 1.9 2.1 4.5 4.5
S8.4 62.2 £2.3/58.1 $57.2, 55.%
59,1 1 V57,5 56,0
58et 5647 55.2
5849 " 50.5 55.6
58e7 6242 52e3| 5841 55,5 55.5
3476 5.05| 5.05] 7,36/ 5.87 5.87
62.5 6743 574165, 4 6148 61,4
37.8] 42,6 42,7 407 36,7 36.7

1.1] 5.9 6.0{ 4.0 <0 .0

1.01] .

G0 5.9 6.9 B4l] 7.5 7.5
D Be8 2.B] 2461 2.8] 6.0 6.0
?509 3249 83&1 7509 ?‘*.6 7}..‘{

51 777 b 17541 712.8
76.6 Th.l 71.1
776 Je3.80 71.8
77.2 82,9 B83el 75.9 7148 71.7
.68 8,98 8.9813.0810.44] 10,44
83.9 91.9] 92.1 89.0] 82.3 82.1
59,2] 67.2 674 64,3 57.6] 57.4
" 1.8 9.8] 10,0 5.9 .2 ¢

.99 . :
i Te5 3,7} 8.7 10.5 9.%' 9l
©6.00 3.2] 3.2 3.6 7.5 7.5
56.3 66 .1/ 6646 548.7 52,6 47,1
57.5 53.6 49,4
$6.0 1.5 46,5
57.5 133,3 47,6
56.8 661 6Bab S4.7 4747, 47.6
10.44/164,04,19,0420,4416,31 16,31
573 8041 80.6 75,1 64,1 64.0
§2.6 55.4 5549 50.4 39.4/ 33,3
3.3t 16.2 16,7 11.2 .l .0
.99

61



Table 1, Continued.
| BRANCHT 3] MAIN BRANCH 2 - | MAIN MAIN ___ BRANCH 3 . MAIN MAIN. _ BRANCH 4 - | MAIN MAIN___ BRANCH 5 MAIN JDOWN-
INLEWCENT.) LINETNLETCENT o EXIT| LINE LINEINLETCENT. EXITILINE:LINEiNLEWCENTJ EXIT LINE LINEINLETICENT.]EXIT LIN%STREAH
T T e e T T e e e e T e — e — !———-*—-*-—--————————-—- —————— ‘-’-'———--—-'*—T —————— m e e e e e e e
@ {CFS) = 2.0 | ‘ | [ ‘ s i | !
VELOCITIES(FPSII 104 104 3.3.10.4 7.8 6.9 6.7 6;1%100ﬂ =7.a{ 940" 3.2 74810447 1026/ 10.4 10.4) . 9.0/ 10.4 10,4/ 12,6/ 11.2 11.2
REY » NOo X1UE-5 3.9 3,9 2.2 3.9 3.8  3a2 4B 4.2 3.9 3.4 3.6; 6«3 5.8 3.9 3.9 3.9 7.8 . 7.2 3.9 3.9] 4.3} 3.00 9.C
PRESSURE H (INM 72.2 73.5 8006} 73.9 75.3| - ' | 76.0{75.4 76.5 78.0 TB6.D 67 44| 7T30; T4eB| 56.4) 5646 6042) 74.8! 75.2[58.1|55.2) 46.8
835 T3 772|775 " | THe6| 67.8/ 69.8|" ’ ' | 57.6] 6243 56.2] 50.6
8046 T Tae3 75,2 £ 3.8 66.2|: S5e6{ 59.7 53.3 46,1
789 1 67 2] 76.8; - 535 68.0|" 43.20 1.8 .| 30.00 47.7
AV.. PRES. HIIN)| 72.2 7325 8029 73.8 75.3 79.3{73.2{76+2 76.5 78L0 74.6, 628/ 6748| 73.0] 76,6/ 66«4 53.2] 6 1.0 74.8 75.2y 58.1 us.s{ 47 €
VELOCITY Ho(INI20.2120.721| 2,06202111040[78e81| 8.25(69620421114 015.0315.6611.37R202120.21R0.2120.21115.0320.21120.2129.4323.48; 23,435
TOTAL HEAD (IN)| 92.4 93.7| 83.0/'93.7 86.7 88.1 sl;u_a3.z-9s.7'as.ufgs.s“7s.u 7942 93.2) 94 .8 86.6) 73.5 76.0} 95,0 95,4/ 87.5 72.3 7Tl.1
TOTAL H ABOVE ¢ 67«7 690 53¢3| 69%0 62.053.4| 567! 58e5 7240 BlaT; 6609 53,7 545/ 6845 701|513} 48.8/ 51,3 70.3] 70.7| 62.8 q7.6i 46 .€
H ABOVE DOWNST.! 21e1 228 1157 224 15.4| 3628/ 10411129 25.4) 1841 1843/ 742} 7.9 21 .9 23.5 15.3] 2.2 . 47| 23.7| 24.1] 16.3] 1.0 .
AH/VEL H DOWNS.) .90’ " <885 B B ): Y Y .53 1.01
_________ JUNEP S S OO AU AUt U Ut S (U OOt AUSPUIpU el AU NS NP AUV BRSNS SPUUUPUU) S SR S
@ (CFS) = ta.n : -
VELOCITIESC(FPS) 122/ 12.2| 3.9] 1222 9.1 8Y01 78| 7.1} 1242/ 19111045/ 10.7] 9.1 1242 12.42{12.2 12.2| 105 12.2| 12,21 14.7) 13.1| 13.1
REY. NOu X10E-S| 8.5 4.5 2.68] 4.5 3.9 3e7| 5417 8¢9 G5 309 8.2] Tel] be8| 4e5 H.5 4.5 9.1l 8a4 4,5 4,5 5.0/ 10.5 10.5
PRESSURE H {IN}| 629 6442 737 66e5 78e3| 72.9| 65496705 687 VDo B 672 5422 564 blhe3 6549 55.0! 41.5 47.4| 67.3] 67.8{ 44,5 40.5 28.7
57.5 78.2 53.2| 73.5| 63.6|70.2 63.5 65 .5 56.7 S9.5| 5845 56.0| 43.8 43.3 61.8{ 43,3 42,21 34,2
48,4 The2 55.0|74.2| 65.6|66.7 547 69 0] 51.5| 55.3 5D.3] 575 40.4| 6.5 51,8 46,5/ 38,3 29.C
567 T1e5] 6le1{" ' .| 5456350 62.3 - 3742 56.8] - s9.0 23.9 50.0 62,5 4.5 256
AVe PRESe HUIN)| 6249 567 74 .4 665 63,4/ 73.5/63.9 58.3!58.7 6208 6746|499 S57.0/64.3 58,4/ 562 37¢4] 48eli| 67.3 61,0/ 48| 31,4 30.4
VELOCITY Ho(INI27.5127.51) 2.8127¢511 5e%2{11.9S11.23( 9.4727.51115.5220,4521.3115.47:27.5127.5127.5127+51/20.4527.51/27,.5140.06(31 .96 31,9¢
TOTAL. HEAD (IN}| 90.4| 84.2 77.2| 94°.0 78.9 85.5| 75.11|777+8] 36.2| 78.3| 88.00'71.2 72.5 91.8 85.9 83.7 64.9 68.9] 96.8 88.5 8u.8 63.3] s62.4
TOTAL H ABOVE ¢ 65e7| 535 5245/ 693 56.2 b0e8| 5024| 5321] 71.5( 53.6| 6343 46.5 47.8) 671 61.2| 59.0| 40.2| 44.2 76,11 63.3 60.1| 38.5] 37.7
H ABOVE DOUNST.! 28-1| 21.9) 14.8| 3147 16.5( 23.2| 1248|155 339 1620 25.7| ¢ 8.9 10.1] 29.5 23.6 21.3| 2.6/ 6.5 32.5 26.1; 22.5 1.0 .C
AH/VEL H DOWNS.| .88 «3 G 1.08 ' <32 1.02 ’
FERRER S ) R I S S I S 9 S O S g ) RS € ) Sy G S
0 (CFS) = 12.0 : 3 !
VELOCITIES(FPS)| 10.4| 1008 3.31'10.4 7.8 6.9 6.7 6.1 1044 7.8 9.0/ 9.2 7.8 10.4 10.4) 10.4 10.5 . 9.0/ 10,4 10.4 12.6| 11.2) 11.Z
REY . NO- X1CE-5 3.9 3.9 2.2 3.9 3.4 3.2) 4.8 4.2 3.9 3.4 3.8 6. 5.8 3% 3.9 3.9 7.8 7.2 3.9 3.9 u.i 9.0 S.C
PRESSURE H (IN}| 56.5 55.8 62.8/ 57.2 58,1/ 6123/ 56.0['57.8 5947 61.2] 58.5 487 43,5 5346 S7e1| 487 38.5 43.1 57.8/ 58.2 41,0 37.7 29.¢
50.6 655 S51e7| 61.5| 535|600 55,9 5745 49.R” 5146 ° 51.1/ 49.6 40.5 §5.0 §3.5 40.2 39.3 31,
44,3 62.5]: 4841 623 56 45| 5T 5 49,0 59.5 46.8 48,7 45,5 49.9 38.1 42.5 46,5 42,3 36,5 29.¢
49,8 6le3 52.4 © 1 49.0{759% 0 Ste 9 35.5 489,.1] 51.7 26.0 44, 53.7 10.5 30.7
AV. PRES< H(IN)} Su.S5| 50.1 63.0/.57.2 52.6) 61.7| 55.2| 58.6 59.7] 55.2( 5845 45¢2 43.7) 53.6 51.3/ 894 35.8/ 43.9 57.8 53,0 41.2 31.0 30.:2
VELOCITY He(INI20.21[20.21 2.06[200211 140 °8.81| 8. 25 6.9620.21{11 .3 01508315 .6 €L 13720.2120.2120.2120.2116.0320.21120.2129.4 323 .48 23.4¢
TOTAL. HEAD (IN)| 7607| 70.3 €51| 77,4 6640|705 63.5| 65.5 739 6647 7345 50-9 611 738 71.6| 69.5 56.0 58.9 78.0 73.2 70.6 54.5| 53.7
TOTAL'H ABOVE ¢| 50.0 45.6 #4078 S2.7 39.3 45.8| 33.2) 40.8- 55.2 4240 48.9 3622 36.4 891 46.9 445 31.3 38.2 §3.3 48.5 45.9 29.8 25.C
H ABOVE DOWNST.| 210{"16.6/ 11a4 23,7 1003 2648 9.8| 11.8 26+2| 12¢3 199 - Te2| 7o4 2041 1709153 2.3 « 5.2/ 24.3; 19,5 16.9 .8 #C
AH/VEL H DOWNS.| .83 1.0 1.12 -8§ 11-5“ L N R

0¢



Table 1. Continued. ‘
| BRANCH 1| MAIN BRANGCH 2 [ MaIN] BRANCH 3 | MAIN MAIN___ BRANCH 4. | MAIN MAIN___ RRANCH 5 MAIN IDOWN-
INLETCENT. LINEINLET EX17! LINE| LINEINLETCENT. LINEINLEYCENT o EXIT| LINE| LINE CENT. EXIH LINESTREAM
________ AN A O O I A A Al Ao TS IS SO N St AR S S U S

6 (CFSY = 10.0°% . ' i
VELOCITIES(FPS) 8.7 8.7 2.8 8.7 Se7: "S55 Be7 . 6§ 8. 87| 847 Be7|: 7.5 (8.7 10.5 9.4 Yok
REY. NO« XI10E-5 32 " 3e2 1e8 3.2 2.6/ 3.7 3.2] 1 2.8, 3. 342 32 545t 640 3.2} 3.6 7.5 1.5
PRESSURE H (IN)| 605 61%1} 6549 625 65.4) Bl .2 63.9 64,7 50e9 6l 5641 49,3 52,4 2.9 5D.7] 48.5 43.1
57.8 67.9 64.9 63.5 EDe 5 S6e4| 561" 50.6/53.8 59,3 49,6 qs.q 45,5
53.0| 65.8 BSel| 5148 5646 52+9 565 49.0| 52.2 55.2! 51.5 4746 43,0
573 6446 ' 565 ‘503 57 8 " | 40,3 53.8 59.8 30.0, 43.5
AV.' PRES. HIIN}| 60NeS| 57«3 66«0} 62.6 6542 60<9|63%0 63.9 E0.5 609 5721/ 562 47.3| 53.0 59.3 50.6 43,3 43.8
VELOCITY HotINII4-N414- 04| 1.4314.08 6.12]5.73 4,04 7.92 1804140814040 04.041084 14.0420.4416.31) 16.31
TOT AL HEARD (IN}| 78.5| 713 67.5| 7646 7184|6647 77.2 68.4 78¢9 71.2| 703} 61.3| 63.5 73.35 71.0/ 60.2; 60.1
TOTAL H AROVE ¢ 49.8) 46.6] 42.8/51.9 4 6.7 42 .0 53.2 4Re 7 7U48LS 502 4645/ 4546 36.6| 38.8 48.6 4643 35,5 35.4
H ABOVE DOWNST.| 14.5] 11%.3{- 74| 16.6 1T.3| 6.6 17.9 8.4 14,9 111|'10.2) 1.3|- 3.4 13,3 11.0 o2 .0
AH/VEL H DOWNS.| 89 1,02 1.10 - «91 ' - ’
0 (CFSY = 8.0 : '
VELOCITIES(FPS)| 6.9 6.9 2.2| 6.9 T 4.6 UGell 6.9 5.2 " 69 Be9l. 5.9 Fe3| 6.0] 5.3 6.8 B.4% 75 7.5
REY. NOe X10E-S| 2.8| 2.6] 15|t 2.6 2.1 2.9 26/ 2.2 2.6 246| 2.6| 5.2| 4.8| 2.8 2.6/ 2.8| 6.0 6.0
PRESSURE H {(IN)| BDe5[61.2]6345|61ul 63.5|61.4 62 «5| 634U Blell 61e5|57¢8|52e5|55.4(6148| 6129 S4a5 53,00 29,7
59,0 65.U 6356249 609 - S8e7[58¢1[ 54015643 60.1] 54.2{ 53.7| S1.1
557 63.8 B3e3|61a3 5845 S6e2|58e3| 532|551 57.0; 54,7| 524 49.7
5851 631" ¢ |87 8 . | BBe7 | 53 .4 © | 48.0|56.0 60. 13 41.0/ 5G.0
AV, PRES. HUIN}| 6N.5| 58.6| 63.8/61%1 6346048 62 46| 60+ 8 61le1] 583/ 58+1|51.3,55.7 59.8 54.5/ 50.0! 50.1
VELOCITY Ho!lIN)| 8.98|8.98| .92|8.98 3.91(3.67 8.98!/5.07 8498 8.98(|8.983|8.98|6.68 8.9813.0810.44| 1044
TOT AL HEAD (IN}| 69.5|67.6|64.8| 7T0.1 673 |64 «5 71 .| 658 0.1 67.9/67.0{68.9|62.4 6848 67.5{ 60.5| 6046
TOTAL H AROVE ¢ vu.8|42.9|4071|45.4 42.6(39.8 4G.9 41,1 4GS el| 43.2|4243(3642|3767 44,1} 42.8[35.8| 35.9
H ABOVE DOWNST. 8.9 7.0 %.2| 9.5 68{ 4.0 11.0{" 5.3 " 9.5 Tel| 65 Hlile8 8.2 7.0/ -.1 .0
AH/VEL H DOWNS.] .86 .31 1L o8} "e91
0 (CFSY = 6.0
VELOCITIESIFPS)Y 5Se2| 571 1a7 ? 3.41 3.3 52| 3.9 Se2 S5e2| 5¢2| 52|  4eS5| 52| 5.2 6.3] 5.6 S.6
REY. NO- XL0E-5 1e9| 1.9 1.1| 1.9 le6| 242 1.9 1.7 "1e9] 1le8| 19| 3.9 3¢6| 1.9] 1.9 2.1} 4.5 4.5
PRESSURE H (IN)| S5.7| 5640 57+6|56.5 57.5(56 4 5627/ 57%0 5663 565 56el| 5241|530 565 5646] 52.4| 51.7| 49.8
S4,7{5845]! S7e4[56.9 ’ 5548] ¢ SHe8| Shelif 5241|533 555/ 52.1|51.3] 508.5
53e2{ 576" 57e5(5643 5443 53.5| 54.7[/51.7|52.8 53.9 52.7|51.3| 49.8
: S4%.5:57.2 54 o3 55.5 551 ° ' | 48.9/53.2 557 45,3 S0.0
AVe PRESL HUIN} S5.7| 54¢6|57e7| 5645 $7.5]|556.0 567 55.7 S6e3 5540 5445 51.2| 5341 S5.4 52.4[50.0/ 50.0
VELOCIYY He{IN}| 5.05|5.05| +52(5.0% 2.20|2.08 5% 05 2485 505 5405/ 5.05|5.05/3.76 6.05 7+36|5.87| 5.87
TOTAL HEAD (IN} 50.8]59.7{58.2|61.6 59.7| 5840 61 .8/ 58.5 51.4 60.0 59.6|56.3| 568 60.5 53.8 55.9] 55.9
TOTAL H ABOVE £ 36.1|35.0{33.5|36.9 35.0(33.3 37.1/33.8 36.71 35.3| 34.9| 31.6|32.1 35.8 35.1[31.2] 31.2
H ABOVE DOWNSTs 8eS| 3.8{ 2.3| 5.7 3.8| 2.1 5.9 206 SeSl Hel|l 3e7] oH|! o9 P l4.6 3.9 o0 .0
BH/VEL H DOWNSe| .83 «96 1.00;7% .93

1e




TFabléfl.

Continued.

BRANCH'J MATIN

{

G (CFS) 4.0
VELOCITIESIFPS)

REY > NO. X1DE-5
POESSURE H (IN)

AV. PRES. HIIN}
VELOCITY H 1IN}
TOTAL HEAD (IN}
TOTAL H ABOVE ¢
M 2BOVE DOWNST.
AH/VEL H DOWNS.

0 {CFS) 240
VEL OCTTIESIFPS)
REY. NO. X10E-%
PRE SSURE H (IN)

AV. PRES. H{IN}
VELOGITY H.(IN)
TOT AL HEAD (TN}
TOYAL H AROVE ¢
H ABOVE DOUNST.

AH/VEL H DOWNSe

INLETCENT.

L .

LIKNE

PRV R

1.1}
.7
52«5

5281
525]!

82.a4

1.7 1.7

b
4.8
446
45,5
446
L4.6
«56
45,2
20«5

5.7

4847

wSh
4543
2D. 6

=78

et

5245
«23
52.8
2841
1«1l

.6
el
44 49

44 .9
44 -9
44 .9
w06
45 0
203
«2

45.0]

8

RANCH 2 ° _

INLET

o
-

&
3
5 iﬂg

CENT~LEXII

2

1 1‘ 1
" 52.1] 52
5lef 52
50.8| 52.3

515

3
1
4
4

5260
2425
54,2
23.S
T 2.6

<99

17
-6
B4e7

G447

«56
45 . 3
20 &

»78

Siel:
1.27
82.7
28.0
1.1

524

« S8
53.3
28.6
1.7

——

1.3 i1

- 6 .
4.8 465449
4.6
44,5
4o, 7
4.6
«32

L 2

0

44.9

-
45,04 %41
203|204

w2

849

4.9

.Y

MA TN nAIN BRANCH 3 MAIN?HAI& BRANCE 8 .. | HAIN
LINE| CINEINLETCENT . EXIT] LINE LINEINLETCENT W] EXIT! LINE
22 2;0 3a5 i 246 3-0 . { 2eB] 3.5 3-€ 2.5 30
1450 el a3 0103 127 2411 1480 1.3 1.3 1.3 2.
513085149 520 8241 51.9} 50,9 51.0,51.8 52.0| 51,0} 49,
52.2] 5242 51.5 51«8 51e1] 5o §1.3/ 511 50.
5148/ 51.9 50.9 52.0;50.8]50.9 S0.8/51.1| 49.8
SL#1"52.0 1.5 ‘G R{ 51 a1t S1et|. - | 48.5
5147 52%0] 52.0 515 51.9 50.6{5141/51%8 5148 5101 49.5
«T2! 2T T 2625 1e27] 1871741262025 2425/ 24 25 2.25%
52+65|52.8154¢2] 5248 5346|523/ 5244 54%0] 53.6/53.3/ 51.8
27.9{28.1129.5 28.10128.9|2746, 2747, 29,37 28.9 28. 5 27.
T1e007 1.1 2.6] 101 1.8 .7 ST 2.4 2.0 1.7 L1

- 99 : .91
WU ASUIRIUINE VST I JONA I SURPIOIG RPN PN SN RN —

B

T3 2%00 a7l 1e3] 15 L1a5) ‘13- la? 1.7 17 1.7
07 B <.7' ! 05 olﬁ ’ 05 ' 101 loD ' ‘06 06 cS 103
U o7 04,884 .8 B89 50 .8 Bh.5| 48.5] 4.8 449 U 46) 44,3
44 .91 44,9 BU.T{ 4% 8, B 4.6 45,7 U4 .78 5.6 44.4
4% .8 44,8 54,6104 9] 4445 4.6 645 4 4.B| 6403
44 o6 | B4, 8 447 G442 48 5| 44,7 B ¢!
L W7 G0.8 44,9 Gu.7 G4 W8l a8.0] G4 .6 048B! Bh.TI G UGB] GL L2
e23] 7 «190 56| '3 2 e42]! 283 32| +58 455] #5686 456
45 o1 6S5L 0455 84550 4543|4449 55 .8 85,4 45,314 5.2| 44.8
2043 20437 20+8] 203 20462042 20 2| 20471 2046205 20.1
.2 .3 7l o3 Sl el - e2]1 .8 e85 w4 Tl

1.9 «9 3!

MAIN BRANCH S
LINEINLETCENTS) EXIY
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‘Table 2. Summary of serles 3 and 4 preliminary test data from the proposed Yorktown power st’-mlon manifold.
! BRANCH 1|MAIN BRANCH 2 MAIN MAIN BRANCH 3 MAIN[MATIN|___ BRANCH 4 __ . |MSIN HAINL_, BRANCH 5 |MAIN DOWN-
[ INLEWCENY .| L INETNLEVICENT o EXIT) LINE LINEINLETVCENT.| EXIT| LINE| LINEENLETICENT o EXIT{LINE LINETNLETCENTS EXIT LINESTREAM,
BIAMETERS (IN.) 6uH 645 11e5 ' 6.8 745 840 115| 1250, 645 - 7a5 701240 1320/ 648 545 645 1340, 140/ 5.5/ 6.55.917 14.0 14.0
AREAS (SO FTad: =230 250} 721 2230 4307 «349 o721, %785 «230 2307 <267 785 «922| 4230 230 230 .9221.069 .230 .230 #1311.063 1.069:
mmmmmmmmm ___,_.ﬂ_.___.__..........._._......-...._.........._._..........,_..______‘..--_._-.._,-p.__-_,___..-__._.__...au....._......_............-___.-......__%..__.-_i
6 (CFSY = 2.0° - | 5
VELOCITIES(FPS)| 1.7 17 6] 1e3 143)°1e1 121771000 107 ¢ 1.3 1.5 (1.0 1.3 1% 17 1.7) 10705 1.S[ 1.7/ 1.7 2.1 1.8 1.9,
REY« NOw X10E-5 <6  +6 o8 B w8 e5 W7 ¥ . WBl aBl T eB Lalf 1e0[. W8  oB B 1.3;- 1.2] ".6] B T.7 1.5 1.5
PRESSURE H (IN} 46e8 868 47.0/ 4649 4649 4700 468 869 4649 GTL0| 8609 4646 4646 46.9 47,0/ 4646|5468 66.54] 46,9 #7.0 46.4 46.3 45.8
4743 SR RS Y DAl A8 ¢ Tl JwB.T7 457 46431 4645 45.3 46,1
471} 1 46.8|46.9 E 46.5] 46 .6 46.3| 46.4 46,1 46.0!
47.0;7 i 4647 4649 D ] 46.2| U6b | 46.0{ 46,5 .| 45.4 46,0
AVe PRES. HUIN)| 468 6658|6721 469 46.9] 6720| 4658, 46.9] 4629 4700|869} 46,5/ 46.6| 66.9 47.0|4 6.8 46.2| ¥6.4] 46.9| 47.0| 46.4 46.3 46,0
VELOCTTY HotIN} o561 56| 206] «56 o327 e24 o23177.19] o356 «32 .82F 43 32|77 458 +56] 456 56| “«842] 56, «56/ 821 .65 .65
TOTAL HEAD (IN}) 87.4) 87.4 47.2]47. % G728 702 471 T701{ 475 873 4723 46T 8649 875 476|872 468|469 475 7.6l 47,2 46.7) 46.6
TOTAL'H ABOVE ¢ 22.7|22.7(22.5|22.8 22.5| 22.5] 22.4|22.4) 27.8 22.622.5/2202|22.2| 2248 22.9/22.5/22.1| 22,2 22.8) 22.9 22.5 22.0 21.9
H ABOVE DOWNSTa| <7| o7|. o5|" ‘o8l eBl  eB[ Wb oS{ a8 ' T W7|: @3] - W3] e8 a9 o5 2|. 2| 481" .9 .6 .a .0
AH/VEL H DOWNS.| 1.13). 1.28 1.28 Y.28 1.28! l
******** L———m-_—__.———-—-—-—uwu o — —— Ny —— W ot s S  S— L - W W W— i — o | r— —— —— G > — i it i npasim W— | —— - o w— - . [~ - o— -~ - W s Aonstie " o ot g
0 (CFSY = 4.0 : ( 1
VELOCITIESIFPSIL 3u5|. 3.5 1451|1345 2.6] 2.3 22| 200} 3.501 245 .3.0/° 3.1 2.6] 3.5 3.5| 3.5 3.5/ 3.0] 3.5|1 3.5{ w.2{ 3.70 3.7
REY « NOw X10E=5 1a3| 13} o7]:1e3] 11" Lad| 15| Toti] 1e3¢1a1{ 14217 241{ ¥49] 1.3 1.3] 1.3] 2.5/ 2«4 1.3/ 1.3 1,4 3.0 3.0
PRESSURE H' {IN}| 622/ 62.4|63.2 62,7 6248 6341 62.4[62.5/62.7 62 8{ 625! 6125|6147 5245 H246/61.6| 6045/ 60,8 62.6/62.7/60.6) 60,2, 59.4
63 .4 .Y | B2.8|62.8 R T |B1eTRZN0" . 1 BU.8| 6142 ) 60.5, 59.7
16342 ©€62.4/62.6 613 61.5]" GU.4| 60.8 0.1 53.%
; 63.0)" 61.662.6 T 'BO.2161.7) S9.1) 61.0] o $7.,2) 5%.5
AVe PRES< HUINY 522 B2,04163.2 627 6248 63,1 62+3[62.616247 62¢8{ 62451614251 7]62.5 62.6/616] 60s1 60,9 62.6/62.7 60.6;59.5] 59.5
VELOCITY HuoCIN) 2025/ 2.26] 2023|2425 14277 298] «92| o77| 2425 1e27] 1467 174 1426 2.25 2425/2.25| 2,25/ 1467 2.25 2.25] 3.27, 2.61] 2.61
TOTAL: HEAD (IN) 64aB| 64.5(/F3ul| 6449 652116401 6342|63.4/64+9 64+1{6042|62.9)63.0/64,7 648632 62.4| 6246 64.8/ 64,9 63.9/62.1] 62.1
TOTAL H ASOVE ¢ 39.7|39.913847| 40e2| 39.8) 3944 38.5/38.7] 40.2! 39.4{ 39.5 38.2] 3843 40.0 40.1/ 3%.1| 37.7.37.9] 40,11 40.2! 39,2/ 37.4 37.4
H ABOVE DOWNSTa| 2-3| 25! 143 2.8] 1.9] 1.9 141 1.3] 2.8' 1.9 2.0{" .8 .9| 2.6 2.7| 1.7 .3/« .s| 2.7/.2.8 1.7 .o .0
BH/VEL H DOWNS.| 89 |1.08 © | r.os) 1.00 1.08
~~~~~~~~~ e fom s e e e e e e e e b e o b s [ e i e st o ok e o ..--.-..u..---_..__._.._-—_-.___.._..-.a.._.........,......_...._...—-—.—_.-.s______
G (CFS) = 6.0 ' g
VELOCITIESIFPSY| 5.2| 5.2 1.7| 5.2 3.9 3.4 323 3.1 5.2/ 3.8 4.5 4.6| 3.9 5.2 5.2 5.2 5.2/ 4.5 5.2 5.2 6.3 5.6/ 5.6
QEV. HNO e leE"‘S 1«9 }.-Q‘, 1ol 1.9 1.7 . 1le6 2 o7 2.1 1-9 L 1.8 3.2 2e9 109? I-q -] 3.3 36| iog 1.»9 2el 4.5 4,5
PRESSURE H (INJ| 61e5| 618/ 63.7| 62.5/ 62,7 63.5162.0{62.2| 627 63eUl 6243 53496043 617 62+2 50e1] 57«7 58.7 62.4|62.5158.1/57.2) "55.4
605 643 | }E1.2| 6344] 62.8[62.8 6B1ly 7| £2.0/ B0l | 608 60.7 60.2| 58.0| 58.1} 51.3]57.8.57.7 56.1
S8.7: 6347 B0.1 B3e] 62.0/62.2 EOW D] 62«4 5946} 60«1 58.7 6047 57.3 58.4) 59.8 58.6,56.8! 55.5
E0.2 53.3 _ | Ble2): .| 80J0|62.5 61,5 $7%0| 6042 EO<B] | 5445/ 59.2 161431 150.91 55.7
Ave PRES. HUIN}| 61.5:60.3-63.7|62.5! 613 6344/ 61.7/62.4{62.7) 615/ 6242 5922/ 60.3) 61.7 60.6.50.3/56.9 58.8 62.415142( 58.2'55.6; 55.7
VELOCITY Ho(IN}Y| 5405 5.05 .52 5.05]2.85 2.20] 2.06|1.74|5.05 2.85)3.76/ 3.51|2.84 5.05 5.05) 5.05| 5.05/ 3.76/ 5.05/5.05 7.36: 5.87; 5.87
TOT AL HEAD (IN)| 665 65.4 6423|6746, 6442 B5eb; 63.8| 6842|6748 54041 565.0 63.1163.2 66.8 65.7/65.4 61.9 625/ 67. 5 66. 3:65.5 61.5 61.5
TOTAL H ABOVE Q| 81+9 4047 3946|429 33.5 4#0%9 3841139254341 3907 4143 38,4 36,45 42.1 41.0/ 40.7) 37.2| 37.9 42.8.41.6 40,8 36.8] 36.8
H ABOVE DOWNST.| 5.0(" 3.8 2.7 640 2.5 4.1} 2e2| 206 6420 2.9) 4e8] 1e6] 1e6 5¢2° 4ol " 3.8 o4 1.l 5.9 4. 7l %.0 .0 .0
BH/VEL H DOWNS.l .85': | |3 0z, 1.08| - | 8% 1.01] ; |

£l
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Table 2. Continued,
;_ggnmcafllaAIM BRANCH 2 | MAIN, MAIN BRANCH I | HAIN MAIN BRANCH & . ° HAIN! HAIN BRANCH 5  [MAIN DOWN-
INUETICENT. CINEINCETCENT o] EXIT| LINE| LINEINLETICENT.] EXIT) LINE LINEINLETCENT J EXIT, LINE| LINEINLETCENT) EXIT LINESTRELH
________ :__.___.__L.._._.w_..*__...._.._..._--_.,_.'...___.._._-_-_........-.....;..._1__-.,..._..m«.-.....E,.....-..........__.__.-_.-_;_—__.-_.--._I-..__..-%
6 (CFSY = g.p: % : ‘ I : i i
VELOCITIES(FPSI! Bag 6.9 22 6% 52| 4.6] 48 4.1 6+9 5.2 640 6all 542/ Be9 6.9 6e3 B.9 6.0 £.9 6.3 8.4 7.5 7.5
R_EY.. NG- XISE"‘SE 2«6 2\»6‘. 105 " 2-6 2.2 . 201 209 2'8 2-5 2.2 2.“ 402 309 2’6 2.“') 296]’ 502 . “08 2.6 2.6 2-8; 6.0. D:
PRESSURE H (IN)! 5844 4900 S2.0763.7 5041 S1.6) 49.3 49,7 5042 50.85 598 45.5] 465 49.2 SO.0] 46, z,uz 2143247 43,8 snad-uz.q 40.3  37.4
4645 5343 47.5| 5.5 5026 5007 - 8.7 49<3| 465 4745 47.3 4 6. 3 42401541 ua.l-ux.q 4l.8 38.9
43.5 52.0° 45.5| 5146/ 49,2] 48,8 4545 50.4| 4447 460 4h B 6648 41.2] 530 45.2 43.0 | 40.3 37.5
4642 512 47.2 4547 50 3 $8.3 - L0.1 465 87.6] ' | 36.0143.8 48,1 28.3 38.0!
AVe PRESe HUIN)| 8848 46431 S2.1l 8947 47.5| 5146|4847/ 50.1{ 5042 483 49.8] 44,2 46.6[49.2 47.4] 66,4 40,3 43,6 49.8 47.8 42, § 9, 37. 9?
VELOCITY Ha{IN)| 8+98 8.98] »97 849§ 5087|3491 3,67 3,09 8498 5.07 6.68 6.96/ 5.05/ B.98 8496 8,98 8.96| 6,68 8.98 8.981;.0510 44 10,4 4]
TOTAL HEAD (IN)| 57e4 55.3{ 5340 5847 5266/ 55.5) 5248] 5342|592 5304 565/ 51,2/ S1.7/ 58423 S6+4| 554 49,3 5043 58458 S6u [SS.w 43.4 484
TOTAL H A30VE ¢ 32.7 30.6| 28.3 34.0: 27+9| 30.8) 2747 28+5| 34 .5 287 31.8| 2645/ 27.01.33.5 31.7'3007| 24.6) 25.6 34,1 32.1; 30,7 23.70 23.7:
| HABOVE DOWNST«| 9wl 6% 871003 442| 7ol] 4el|" 4.8 108 5LO 84117 2.8 343|- 9«8 840" 7u0] 9| 1.9 10.4| . 8.4} 7s d -.0 .0
| AH/VEL H DOWNSe| .86 : Y 1.03| 7 .94 1.00 j
_______ ._.._...,......—_'__...-.__..__...._....._.......—-..—‘S._.'_..___.__.—__._._-—..__-._........__._..-.._.._......,....,—....,-..\........_...,....‘--.-_.__-'_..__.J—--_———-— ———_.!.._._....—..:
- — ‘ u i
0 (CFS) = 10.0° ; ) ;
VELOCITIES(FPSY 8.7y 8.7} 2.8/ 8.7 B45, 5¢7] 5.5 Sely B.7| .65 7.5/1 746, £.5 847 B.7| 8.7 B.T|: 7.5 8.7). 8.7 10,5 9.4/ 9.4
REY. NO. X1DE-S| 3.2 3.2 1.8 342 2.8 2.6 3.7; 3.5 3.2). 2.8 3.0/ 5¢31 4.9 3.2 3.2| 3.2| 6.5 6.0/ 3.2 3.2{ 3.6 7.5 7.5
[ PRESSURE H (IN)| 48.1) 49.0| S4.4 S0.3 5049|53.3|69.2, 49,9 503 51,4/ 49.8 3.5/ 84.6/ 48,3 43.2| 46,0 37.6/ 40,1/ 50.1] 50.4| 38.2 36.2] 30.5!
4540 5545 465 530| S0.B[S1.2 47.9 493 44.8] 46.2]. 4S.4) 54a1) 38,0 41,3 47.3(37.5 37.30 33.2
40.7|53.9 44,2 53,5 49.3,49.8 53.7 5047 82.04148.3 41.5/ 4449 3647 39.86 42,5 39.3 35.3 30.8
44.8|5247] - 474200 4% <0,'50.4 §7.1 35.4) 4k 7. 45.8/ . | 2845 40.8 7.7 17.50 31.7
AVe PRES. HUIN)| 48e1 5449 S4.1/50e3 47.2|53.3 ua.zésm,z 503 875 4949 41.5/ 58,9 288.3 45.5 48.3 35,2 80.4) 5041 4740 38,3 31.6/ 31.5
VELOCITY HoiINJ14.04144041 144311804 7492|6012 5473 6.8314.064] 7.3210.44010.87| 79014 041420406 40414504 10.4404.0415.0420.4416.31) 16,31
TOTAL HEAD (IN) B2.1 58.9 55.6| 64.3 55.1/59.41 5641 5542 6843 55.4 6044| 5204|528 62¢% 59.5| 58.4] 49.2! 50.9 6441 61.0i 58,8/ 47.9 u7.9
TOTAL H ABOVE {] 37.8) 36423079 39.6 30.8|34.7{2%4] 31eS| 39.5] 30.7 357 27-7] 281} 376 34.8 33.7] 24.5] 26,2 35,4, 36.3; 34.1; 23,2, 23,2
H ABOVE DOMWNST.) 1643 11011 7u7l 16w5 7a311T08 6420 7o3 165/t Te6{ 125" 4.5 5.0/'14.5 11.710W5 1.4). 3.0/ 16.3) 13.2; 10.9 .0 .0
AH/ VEL H DOWNS.! A8 1.0 C 101 ‘ 7 W89 1.00
_________ SRR RSNy DU O N (R SOOI S PN ASRURUU ARUpIn) R AOUSOUUN NSRS AU SUR AP AU SN SN A
G (CFSY = 12.07 ’ T ) |
VELOCITIESIFPSH| 10.4] 1044 3.3 104 748] 6.9 647 6.1/ 1044 7.8 3.0. 9.2] 7.8 104 10.6] 104 10.4] 0 9.0 10.4] 10.4 12,6 11,2] 11.2
L REY. NO. X10E-S 3.9 3.9] 2.2] 3.9 T.4| 3e20 4.8 4.2 3.9 3.4 3.5/ 6.3 5.8 3.9 3.9 3.9 7.8/ 7.2 3.3 3.9 4.3 9.0/ 9.0
PRESSURE H C(INI| S1a8 5341|5948 §4.7 5545 590: 54 o154 9| 56.45| 5850] 553| 45.4| 4649 526 S4.2| 4 6.0| 36.5| 40,0 54.9] 55,0, 37.8 34.5| 26.0
48.2 62.8 SNJ0{5961 55 .1756.56 1'53.6 55.0] 4740 48.8 4845 4648 37.0/ 41.8 51.2 36.9 36.0] 30.3
41.8|59.8 4645 £0.2: 53.9 54.8 46.5 57.3) 43.5] 4b.0 " 4244/ 87,0/ 35.1) 39,6 4, z 39.6 33.2| 26.2
47.8} 58.2 508 45 o8 56L0 15246 3248 84642 0.0 | 23.3 4141 P51 | 7.8! 27.5
Av. PRES. HUIN) S1.8 47.7[B0.'L S#e7 50.6{59.6 5245 5546 56.5 52.7 5549 422 4700 52,6 4848/ 46.6 33.0) 40.6 54, s’ 50. q 3841 27.8] 27.5
VELOCITY Ho(IN)I20.2120.21|2.0620:2111%40('8.81" 8,25 6.9620.21111.4 0152 03[15 .661 1.3720.2120.2128.21p0.21[15 .0320.2120. 2123.4323.48] 23.438
TOTAL HEAD (INY| 72.0 67.9|62.2 76.9 62.0| 684 607 625 76.7 &4.1} 70.9 57.8) 58.3 72.% 69+ 0 6648 53.2[ 5547 75.1 70.6 675 51,3 51,0
TOTAL H ABOVE ¢| 57.3) 83.2{37.5 5042 37.%| 43,7 36.0°37.8] 52.0' 39.4] 4642 33.1| 33.8 48.1 44.3 42,1 28,5 31.0 S0.4 45.9 42.8 26.6| 26,3
H ABOVE DOMNSTe 210 '17L0|11.2 2309 11401274 9.7} 1.6 25.7 13;1L19.9 6o9 Tal 21.8718.0 1548 2.2|7 4.7 24.1 19.6 16. # o3 .0
AH/ VEL H DOWNS.| «90;. 1.02 ; 1.10/" .93 ~ 1,03 -

77



Table 2. Continued.

: RRANCH 1] MAIN BRANCH 2 | HAIN| MAIN BRANCH 3| MAIN MAIN _ BRANCH 4 .| MAIN| HAI BRANCH_5_ _ IMAIN [DONN-
| - INLEVCENT .| LINE[INLEYCENT o] EXIT, LINE| LINE[INLET|CENT] EXIT LINE LINEJINLETCENT W EXIV LINE| LINEINLETCENTS EXIT LINESTREAN
{ . .

R g N e T L R T ST L e LT L e B

6 (CFS) = 14.0 ) ‘ . . ’ 1

; e /
JAve PRES. HIIN) G40 7.9 76.2%68%( 6la8 7& 1} 64 8| 642 6948 63-;L68-% 50.3357.5 £5.9 598 57w0 3748/ 48,7 6845 651.9 G4, 5 40.0 29.9;

IVELGCITY He {INI2745177.51 2.8127.511545211.9%11%23 9.Q727,511S.5 D}QS21;3135;Q727.512?;5127.5127.5120.45?7.5127.51%0.0631.96 31. 96'
'TOTAL HEAD (IN)| 915 BS54 7T9a0] 955 7T7elt 8641] 7641 "78+6] 973 7903 8849 7T1eT 73409340 8743 84+5 6543/ 692 950 89. 8445 71.9 61.8

D IVELOCITIES(FPS) 12.2 12+2) 3.9 1242 9.3/0 8.0 78| 7.1 12.2 . 9.1 13.5 10.7 9.1 12.2° 12,2 12.2 12.2 1c.q~12.2 12; 18,7 13.1 13,1
REY. NO. XI0E-S &e8§ 4e5 2.6) 4+5 349 3.7 5.1 4.9 545 3.9 4.2 7.8 6.8 4.9 4.5 4.5 9.110 8.4 4.5 5.0 10.9 10.5
jPRESSURE H LIN} 640 65.8] 75.9 580 63.3 74.1: 67.2 68.3 63.8 71.8 63. 3 55.1, 5648 B5.9 67.5 S6.0 43.7/ 48.0 68.5 44.0 40.0 27.5
] ] 583 79.8! 610|745 7037049 Bu.3 65.8 57, 1 60.2 . 53.0 56.6 43.8{ 5042 j 43.0 42,0 34.0

i 49.3 75.8] 5548 73.8 6643 6746 §5.0, 70.2 52+ oiss .0 52.0 584 40.7) 47.0, 6.4 37.9 28.0
I | 58.2 73.3 6143 Ess.s 9.9 . £83.% 37.3 57.2 6048 23.0] 49.8 63. 30.0

: 'TOTAL M 8BOVE £ 66e8 BOe7| 543 708 527 61a4! 5146|53.9 72,6 5446/ 842 4740, 4843 6843 62456 598 40.6! 44,5 71.3 «8 5%.8 47,24 37.1
'|H ABOVE DOWNSTa| 28.7 23.6| 17.2 33.1 155/ 24.3 16 +2| 16.8] 35.5 1704 27 41] © 99 11,2 31 .2 2545 227 3.5 Tt 34,2 27. - 2247 1041 «Q
BH/VEL H DOWNS., 33 1.0¢ N 1.1 ;. ) .88 1.07 .
X . T i »

6 (CFSI = 12.0Y - ' '
VELOCITIES(FPSE 10e6] 10281 33| 1008 78! 6.9 67| 6ol 104 7.8 900" 9.2 78 LUW& $0 .4 108 10e4 . 9.0: 1D.4 1044 1246/ 1122 11.2
REY e NOo X1UE-S5 3.9 3¢9 2.2 3.9 %.4] T2 L8] 4.2] 3.9 Fot] 3.6] 631 5.8 3.9 3.8 3.9 7.8 7.2] 3.9 3.9 4.3 9.0 9.0
PRESSURE H LIN}| 51e3 52476041 54e5 5505|5940 |53 45| 5446|556, 574 2] S4 eS| 5 4.7| 5640/'51 49 53.2| 453} 3640 39.8} 54,5/ 546 3741/ 34.0 25.5
§6.8] 6245 1 49.0(|58.8/55.7| 5644 i%l.u 3.4 8645 484 4745/ 55.8 36.8 41.7 49.9 35.8| 35.6] 29.8
4085949 45.5 534515385845 i 46.+2 56«3 4323 45460 | 4148/ 46.7 34.5/39.0 43,7 3845 32456 25.9
47.2(58.3 1 8944 ol ah .9 55.3]-. . is52.0 ¢ 3245 45.6]% 48.8 T 1 22.5/41.3 504 5 7.3 27.1¢

AV. PRES, HIIN}| 51.3 46.9|60J2 545 99.8 591151 48|5542 5525/ 517 5447 | 4107 464|519 47488548 32.4| 40,4 54,5 49.7 37,1 2744 27.1
VELOCITY Ho(INI20.2120.71| 2.0620.211 1440 "8481|8.25 (649620421014 01500315.6611.3720.2120.2120.2120.21(15.0320.2120.2129.4323.48| 23.48
TOT AL HEAD (IN} 71.5 67431 62.3] 7427/ 6131679 601|622 757 6301 638|578 5748 721} 68.0/ 661! 5247 55.5/ 74,7 69«9 66.6 50.9 50,6
TOTAL W 8BOVE ¢ 4648 42.4) 37.5! 5000 3645|43.2/35.4|37.5 510/ 38,4 6513207 33,1/ 47,6/ 43.3,41.4 28.0| 30,8/ 50.0 45.2 41.9 26.2| 25.9

H ABOVE DOWNST<| 210 16+5 11e7 28e2 10.7[1744] 98] 1106 2542|1245 192 " 6.9 7.2 21 +B| 1745/ 156 241" 649 24,2 1943 16.0 « 3} -0
AR/ VEL H DOWNS. .89 1.03 . . 107« «92 1.03) :

_________ e wet e e e S Rt st T e e S ] e e R L e s n e ST S
@ (CFS1 = 1p.0 :

VELOCITIESI{FPSYI| 847 8471 .28 8e7l BeS| Se7| So5| Sell 8e7] 6Be5 To5] Tub| Bu5|1 Be7?7] BoT7| 8.7} Ba7{: 75| 8.7 8.7 10,5 9.4 9.4

REY+ NOe XIUE=S| 342 3¢2{ 18] 32! 28| 267 3e7] 305 342]. 248 38| 5«3 49| 32| 3.2 3.2 6.5/ 6.0/ 3. % 3.2 3.8 7.5 7.5

PRESSURE H (IN)| 49+2] 5042|5545 51+7 5243 544650455103 5241/ 53,1] 515/ 4%+9 4548/ 49.9] 51.0(45.3 39.0| 415/ 52.0 52.0 39.5 37.5 31.8

- 4645] 569 | 4748 |54.6|52.5/52.9 49.9) 51.0146%0| 47 .4 47 2[4 6ol 3945 4247 48.5 38,7 38.5 3u.%

4242{55.3 45.7/55.05047]{51.3 4ULT 522838 45.5)¢ 43.0[/46e4 37.9/ 41,0 44.0 40,1 36,5 32.0

46. 3 54,0/ 48,4 1451|5262 L P 3663 457 14745 2%.7| 4244 49.2 17.5 32.5

AVe PRES. HIINY 8942 G4Fo3! 5544|5107 485 5447 4975109 5241|8903/ 5146 |82.7/ 4641 499 4742/ 45.9 36.5[ 41,9/ 52.0 48.4 39.8 32.5] 32.7
VELOCITY HufIN}I4.DU 1404 14430404 749216121573 4.6314L04] 7.9210-4410.87| 7.9014.0426L0414.04145064/10.4414.0414.0420.4416.31 16,31
TOTAL HEAD {IN)| 6342 BDe3{ 5645 65.7 5645|5043 |55 ¢4 5648/ 661|572 6205346/ 54.0/53.9 614253+ 50.6/ 52.3{ 66.0 62.5 59.9 48.8 49.0
TATAL H ABOVE ¢| 38.5 35.6!32.2| 4150 31.8 36.2°{3047| 3201} 41.4 32. 5137.3 2849 29,31 3942 3645 3542 25.9) 27.5) 41,3 37.8 35,2 24,1 24,3
H ABOVE DOWNSTa| 1822 1103] 748/ 1627 7.5 11w8| 6.4] 7.8 17.1]: 8420 13.0] 46| 5.0 1@.9 122,309 1.6 3.3/ 17. u 13,5 10,9 =-.2 .0
AH/VEL H DOWNS.l 87, 1.03 ! 1,050 , .92 1.0y
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Table 2. Continued.
. BRANCH t M&IN BRANCH 2 | MAIN| MAT BRANCH 3 MAIN.MAIN ‘"snANbﬁ'&"“"TﬁAfM MAIN 7 BRANCH 5 MAIN DOWN-
}NLFTCENT.;LINE}NLEﬁCENT.”EXIT LINE| LINEINLEHCENY.) EXIT LINE LINE[INLETCENT .| EXTT) LINE: LINEINLEYCENT. EXIT, LINESYREAM
| A | ,, ’ _—
“““““““““ e e e ettt e e et et e I A
0 (CFS) = §.8° ! : % 1 ! ; |
VA OCITIESC(FPSH 6o 6.9 2420 649 5.2 6.6 #e8] H.1' 5.9 5.2 650 ° 6el] 5.2] 649 5.9] 649 B.8] 6.0 5.3 B9 8.4 7.5 7.5
REY. NOe X10E~S| 2.5 2.6 1.5/ 2.§ j2?1;2.1 2.9 2.8 2.5 2+2] 2.4 %.2| 3.8 2.6 2.8| 2.6 5.2] 48] 2.5/ 2.6/ 2.8 6.0 6,0
PPESSURE H {IN)| 898 5002 5342 51aF 517 §3e1} 50¢6] 5160 51e1) 52u0] 5100664 47.2 502 S1.0) % 7.1} 42,5, 8442 50.8/'50.9' 43,1 41.7 38.1
4647 546l 49,8) S3.1; 51.5 51;7§ 50.0{ 507 47«5 4845} 4843|8743 43.0]45.1 q2.1§u2.7;qz.ﬁ 33.7
45,01 53.3 ol AT.2]83.4 SOJ8] 511 565471 515 4584740 45,74 7.5 42.0°44.0 46.e§¢3.9=qx.1 38.2
47.4] 5245 4841175 C 245 .9 5140 49.3 G1e214741i% 48.9 . 136,55/ 45.0 49421 . [ 29.6 38.7
AVe PRES. HUINI 498 87.3% S306i 5103 494 53.2 4949 51,31 5%01) #9.5 S1al 45.2 474/'50.2 48.5 47.3 81.0 44.6/50.8 47.0043.2 38,7 38.7
VELOCITY Hoe{IN)| 898 8.98 «92 8.98 5e7 3491 367 3.09 8.98 5.07 6.568! 696505 8.98 5.98/8.98} 8.93,5.568] 8.98 3.938]13.0810.44 10,44
| TOT AL HEAD {(IN)| S8.6 5643 SUe3 60e¢3 595 5701} 536! 5424 60el 54e6) 577 52.2 52,5 592 57.5 56.3/50.0{51.3 59.8 56.0‘56.3599.2 49,1
TOTAL H AROVE €] 33¢9 316! 226! 3546 29¢ 8132481 2809 2971 354 2909 3320 2725/27 8 34ab 3248 3146] 25.3 /2646, 351 3103 31.6 24.5 24.4
H ABOVE DOWNSTe] 945 7.2 +542 112 S5alil: B0 45! 5431110 545 846 3.1 344101 843, 742 291 2411 10.7 . 6.9 T.2 e .0
DHIVEL H DOWNSa.] e9ll” 1407 1.05 ¢ «97 1.02
0 (CFS) = 6.0 ‘ K :
VELOCITIES(FPS), 5e42 5.2] 147| 5.2 349 308 343 3014 54201 3.9 4.5 46| 3.9 5¢2 5+2] S5.2| 5.2] 4.5 5.2| 5.2 5.33 5.6 5.6
REYw NOe X1U0E~5| 1«8 19| 1e1l:1+e9 I47| 146 2¢2] 21 18 1477 18] 342 2498 19 1.8 19 3.9| 3.6/ 1.9/ 1.9] 2.1 4.5 5.5
PRESSURE H (INI| 5244 52.7056.5]5301] 5303 656442/ 5249|5301/ 535 5347/5321 5067 {510/52.8 53.1|5049| 48.6|49.3/53.1/ 53,2/ 48,7 47.9 46.0
151.3 552" Sle?| 5402 53.7]53L0 52.3,52e9/5141(51.7]" 516510 48.5|4 9.8 5l.9l82.2/ 48.3 46,7
49.7| 54 5 5121|543 52.8| 5346 50.61534|50.2]51.0" S0.4!51.4) 88.1]8941 50.3/ 48.9' 47.5 46,0
51.2| % .1/ 52.00% | | 5007|534 S2¢31 . 14T.2|5143 1.8 45.0(49.7 52.0 | Glal] 46.3
AVa PRESe HUIN)| 52.84] 5142|5446|53e1| 5240/ 542|525 5343/ 53.5|52.253e1| #948/5142| 5248 5147|511 4745|4945/ 53.1/51.8/ 46,6 46.2) 86.2
VELOCITY Ha{INY| SeCS| 5. 08| o52| 5405 285|220 2406|1074 (5405|2e¢85]3476]|3+91]2484| 505 5u05[5005|5.05|3e76]5.05]5.05|7.36| 5.87] 5.87
TOTAL  HEAD {IN}| 57+5] 56,3| 5521|5842 58.9| 56441 5456|5540 58.46/55.1/5649| 53.7|548.1|'5749| 5648|5642 5245|53.2{58.2| 56,9 54.0/ 52.1) 52Z.1
TOTAL H ABOVE € 32.8] 316 3044 | 3345/ 3042 3107{ 2949 2043]33.9] 3064322290294 33.2] 32.1,31.5 77 912845 33.5] 3242 2943 274 27 .4
H ABOVE DOWNSTe! Se3| 4e2] 30 6hi]| 28] 4¢3 25| 2.9] et |7 IL0] GeB8|° 1.6 20|10 So7] &e7] 4.0] "o5|t 1o1] 6.0| 4.8| 1a8{" -.1 W0
AH/VEL H DOWNS.| .91 ' 1.0 3 : 1210 .98 1.03]
0 (CFSY = 4407 ' , ) : )
VELOCITIESEFPSY| 325 3e8| 141]:3e8] 26| 23] 222 220 3511 267 3.0]" 301] 25| T8 3.51 35| 35| 3.0] 3.5|' 3.5 4.2 3.7 3.7
REYs NOo X10E~S 223 1.3] 7] 1.3] ‘1417 143] 145] 1o8] 130 101 127201 19] 131 1.3] 1.3] 2.5] 2.6 1.3 1.3 1.4 3.0 3.0
PRESSURE H (INI] 49.7 89.8 5055000 50.1/'5045| 4548 5040502504 50¢1|8849 4961 50W0) S042149.2] 48,0 |48.4{50.2 50.2] 48,0/ 47.7 4b6.9
49.1]5049 1 49.3( 505 50.3 503 49,7 49.9] 49,2 4846 " 49.4 49.1] 48.1 |8 8.5 49,5 57.9 87.9 87,2
58.5| 506" 48,7 sa.s 48,9 50LD 49u050.2) 48.7/ 4.1 " 48,7 4942 47.8[48.3 4848 48,2/ 47.5 46.9
48.145044 49,5 49 .01'50.2 49. & 47.6| 8343 - 49,51 | 46 .4 |H8.5 - 1 49.6 44,60 47,0
Ay PRES. HUIN) 48.7 43.1150.%| 504WD] 434 50 5148760015042, 69,7 sa 11486 4%.3 Bmuoiqs.n 6942 47.6)48.4] 50,2 49.5 48,0 46.9 47,0
VELDCITY Hoe{IN) 225! 2.25 223|2:25] 1a27]77098] «82] «77|2.25!1 27 1.67[1.7411.26 2.25 2.25[2.25/2.25{1.67|2.25| 2. 25 3.27 2.61 2.61
TOTAL HEAD {IN) 5129 51¢4] 50,9 52¢2 507 5155027 5009|5244 50495127 50e3 505 5242, 5107/ 51.4] 49.8/50.1 52,4/ 518 51,3 49.5 49.6
TOTAL H ABOVE ¢ 27.2: 26,7262 27.5 26a0)| 26.8| 2640 26.2 277 25;2}27.0 zs 62548 27;5527.0 26.7] 25.1|2544 2747 27. 26.6| 2448 24.9
H ABOVE DOUNSTs! 2e3 " 18| 12 2.6] el 1.9 1437 143] 2.8{ 137 2.1 WT] 29 246 .10 1.8 Ta2]0 o5 2.8{' 2.2 1.7 -.l .0
AH/VEL H DOWNS., .30!% 101 1L03 1.0 1.09 i}

9¢




Table 2, Continued.
. BRANCH 1| MAX BRANCH 2 MA{N'MAIN\ BRANCH 3 | MAIN MAIN. "BRANCH &
INLEWCENT.! LINEJINLETICENT o[ 'EXIT| LINE| LINEINLETICENT.| EXIT) LINE LINE%NLETCENT. EXIT
\; | 1
_________ e e T e e ] e e e e e Rt e
6 (CFSr = 2.07 ‘ 1 J
VELOCITIESIFPSY 1.7 1.7 Bl 1.7 13| 1w1] 1020 1%0] 1e7] D 1e3 15| 1.5 1.3 1. y‘i.v 1.7
REY. NCo XIDE=5 o8 «6| o8] o8 <6 &8 7| 71 6 .6/ 5| 1.1 1.00 »8 <6 .6
PRESSURE H (IN)| 48.0 44.0145.2] 56%0 4601 48.2/ 44 .0 76801 45.1] Bo.2) 66 .0{43.8 43.8|8400l su.1]/43.8
‘ 53,9 44,3 1 43.91468,2/48 .2 84,1 44L0 85 .1 A 3.9 48 .01 Ly nlaz.o
43,7642 43,8 44.1148.0 641 43.8] 6441 usiv.Q3.8H 143 8i43.9
43,9188 .2 ga.,00 - Huz.a 5,1t s 4o qz.uenz.sl 44 .0
Ave PRES. HUIN! 66.0 43.9/458.2 4450 4%,9 (44,244 .0 uu.l;a «1]H4L 018641 |63.7143.8 qu' LG8 014 3,9
VEL OCITY Ho(IN}  o58] 56| .06 «56] 32 f;zuﬂ 223 | 419! 4561 <32 ~.azgi;u3'm132 +56 56| 456
TOTAL HEAD {IN)| 44a6| G4L4 18603 HUL6| 465 H4L4 84 .2 A4, 3)44 T 44.3 4545 4&.1~uq.zgua 64445 (844
YOTAL H ABOVE ¢ 19.9 19:7]19.6 |19.9] 1946 |19.7-119.5 1926 {20.0 19.5 19581 9.4-19. 5149 9519 8 19.7
H ABQVE DOUNST-o -? .S‘ U ' 7 «8 | ~05' ' «OQL -8 Te G -6 ! 03‘ 03; 07 oG'
AH/VEL H DOUNS.| 1-05 1.05 ..20' .05

L INE

1.7
ie3
43.5
ons
§3.5

143.2

43,4

«56
44,0
19.3

HATH

Wan

8

LINEINLET

185 .1

'58

lul .7

120.0
.B !

jl«20

HAIN DONN—

RANCH, 5 l
CENT .| EXIH LINSGSTREAM
Bl
o .k.,..,p_-.*\
1.7% 2.41‘1.9
b .71;1.5
nu.a;qz.sius.q
44,0043.5143,5
43, a\uz. qu.u
uuﬁdg 142.6
43.943.5143.2
.saw «821 465
44,5 Bheb |83.9
19.8{19.7 119.2
06‘ ' 05 -U‘

Le
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Lines 3 through 6 contain the piezometric pressure heads which

were recorded by the water levels in the plezometer tubes in inches
above the base of the piezometer board. When more thanA one tap exists
at a section, lines 3 through 6 contain this data, but if only one tap exists,
as at the inlet to each Eranch, only line 3 contains data. In accordance
Awith the subscript notation, which was described earlier, lines 4 through
6 contain the data fromthe taps in éons ecutive order from moving from
the top most tap in the clockwise direction when facing downstream.
_Line 7 contains the average piezometric heads from lines 3
throughg 6.

Line 8 contains the velocity heads in inches at each section computed
from the average velocities in line 2 using a kinetic enérgy coefficient of
unity.

Line 9 contains the sum of the heads in lines 7 and 8 and cénsequen‘cly
gives the total hydraulic head at eacﬂ section. -

Line 10 gives the values of the total head above the centerline of the
’inlets of the branches. Since the branch inlets are 24. 7 inches above the
base éf the piezorhet'er board, the values in this line were obtained by
substracting 24.7 inches from the values in line 9.

N Line 11 contains the total head m inchés above the average head
at the downstream section, This line therefore gives the energy loss
1between the given section, as given by average of the piezometer taps,

and the downstream section 4 feet beyond the manifold..



29

Line 12 contains the dimensionless values obtained by dividing the
head loss from line 11 at each branch inlet by thé velocity head at the
downstream section. |

To help interpret the data in Tables 1 and 2 it is important to under-
stand that the placement of the pressure taps does determine how repre-
sentative the r‘ecorded values are of the average piezometric head at that
 section. In general the plé,cement used should provide a fairly repre-
sentative value. An exception, however, is the piezometric head P54’
This pressure tap is located very near the junction of branch 5 with the

i

mainline, obviously in the wake region caused by the branch inflow. This
pl\a,céx;nent wajs necessary because the window. between the flange and
junction ’requ‘tire ’chaf it be very close to the junction. The low values
recorded for Pr5d4’ particularly at the higher flow rates, when averaged
with the other three values hayé givena head which is likely less than the
true average piezometfic heat at this section. As ‘a result the data
indicates a very small head loss between this section and the downstream
section or even an energy increase as at the 10 cfs flow rate in the fourth
series of data. A more r‘epresentative piezokmetric preésure for this
section near the end of the manifold would probably resuit by deleting
this head fromthe average as was done with the 14 cfs flow rate iﬁ Table

2. Yor this flow rate Pisas = 0.0 and the computer program was

written in such a way that it did not include zero values in the averages.
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Tables 3 and 4 contain dimensionless values of power-transfer

coefficients, . Kj and the energy-transfer coefficients c computed

L]
from the data in Tables 1 and 2 respectively. These coefficients have

been described by Amorocho and DeVries.}-K The energy-transfer

coefficients are defined by

1

- Hb!j - Hmkd
= for £
G v2 g
mkd 7°

it

c 1,2,3,4,5;j=1,2,3, and

k

"

2,3,4,5,5! B 3
in which the H's are the average total heads, and V is the velocity.
The subscripts are as given earlier; b-denoting branch, m-mainline,

£ is the branch number and j when equal to 1 denotes the inlet, when
equal to 2 denotes center and when equal to 3 denotes the exit, k is
the branch number immediately upstream from where tht‘; head Hmkd
‘occurs. The fourth subscript is deleted since the average values are
‘used. In Tables 3 and 4 the parenthesis enclose the values of subscripts
£ and j, and the number of branches in the first column gives the value
éf k., The last line of coefficients for each flow rate given in Tables 3
and 4 used the average head at the downstream section H s, as the

mbd’

mainline head in Eq. 2. The power-transfer coefficients are defined by

k
1
3 % % ¢, for j=1,2,3and k= 2,3,4,5,5!

T )

1
"“/Amorocho, J. and J. J. DeVries, "Power Losses and Flow

Topologies in Converging Manifold. ' Journal of the Hydraulics Division,
ASCE, Vol. 97, No. HY1, Proc. Paper 7791, Jan. 1971, pp. 81-99.
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Taﬁle 3.‘<30rmputed.va1ﬁes of dimensionless power-transfer and energy-transfer coefficients from data in Table 1 for

test series 1 and Z.

COEFFICEINTS AND ENERGY~TRANSFER COEFFICIENTS FOR O=¢ 2.080

TABLE OF POWER-TRANSFER
NO OF ; ‘ 4
BRANCHS  K(1). Ke2y. K33, C(3,1) G323 €33y CHz1r  C(22) Cr23) CHU31) Ci32).
2 1559  1.025 641 1380 143800 450 " 1.777 709 831
SR 1138 «835 70X w3980 L4980 L5811 1.210 L6838 WT712  1.210 .878
4 Tla11% -984 o728 «980  +980 L6168 14158 722 772 1.158 <900
s 1172 1leila .83 2 1049 1089 738 “1.202 '.827 L8700  1.207 +981
L 1.248 1.180 908 141261126 813 1.279 904 #3497 L 1.279 1.057
TABLE OF POWER-TRANSFER COEFFICEINTS AND ENERGY~TRANSFER COEFFYICIENTS FOR Q= 4,000
NO QF - : . ' :
BRANCHS K1} Ktz): Kez3). CiRLY  Ce2) Cr1)  Clz1y €132 Ce231 CH31Y° Cr32}
> 1613 1.243 586 T 1e340 14559 .232 1.886 «927 w340 ;
3 1.071 - 773 562 «8B0 995 4296 1167 .652 669 1.167 662
g 1.058 + 8385 e 661 . =913 15002 - L8600 1.135 784 749 1.135 744
5, 1.026: 922 .B78 ‘886 .972 L5506 LeDBT7 475U L4755 1.087 W751
5 1.o17: «912: «669 «886 4963 . 4497 1,078 .78l L7445 1.078 ..741
TABLE OF POWER-TRANSFER COEFFICEINTS. AND ENERGY-TRANSFER COEFFICIENTS FOR 4= 6.000
NO OF | , :
BRANCHS K(11" Ki2y K3 CLLLY  Cl12) CLL3r C(21Y  Ci22¥ (231 'C(311  C(32)
2 .1.59% w479 $ 575 “1.353 L7711 J2484  C 1.837 L1886 .908
3 10859 «382 . 5513 ‘w872 W565 .288 1.127 258 637 1.178 .322
4 1,034 * 586 oB7 1 «815  «B78 463 1.113 450 .734 14153 o489
5 «270 «621 .65 4 ‘w857 WB53  L4ES8 1028 _«4%8 701 1.062 491
57 » Q66 617 «650 «853 L6498 L4688 L 024  LJA4B 4 W67, 1.058 “L.487
© TABLE OF POWER~TRANSFER COELFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR @= 8'.0ho
NO OF . :
BRANCHS Kf1): K{zy Kt3)- CLLYY CEp2) CUL3) CHZ1) - €(22) €33y C(31r C(32)
7 - 1548 832 +517 1.368 795 188 7 1.722 M0BS .849
3 1039 £371 550 ‘wB31° W8B9 267 1.077 .206 617 1.189 31T
4. " 1.005 «S67 wE4 3 «896 L8622 LHIF . 1.041 366 LEB4 1.097 452
5 © +966 « B2 T «B53 28653 L6633 449 989 408 L.HB2 1.037 <482
5”7 *« 964 w525 «650 2867 «G6H1 .46 +987 406 680 1.035 480
TABLE OF POWER~TRANSFER COEFFICEINTS AND ENERGY—JRANSFER COEFFICIENTS FOR 0= '1g.0b0
NO OF ' ’ '
BRANCHS K1Y K{z2y- KU 3y C(L,13  Cr12) C(33) €21y C€L22) CI23)- C(31) CH32)
b S 1.802 «519 «596 1810, o847 4262 T 1.794% 4150 L9300
3 1030 «377 555 «895  .599 2930 1.098 .2520 .G42 1.088 .280
5 1.001 «571 654 2919 689 .450 1.076 L421 '«723 1076 <842
5 «955 621 « 5651 «BTH "oBTT o471 T 1.009 Lu4 S .706 1.U09 464
§ . .a57 «622 «652 <876 o678 W472 1011 44T L7007 1.011° 465
TABLE OF POHER—?RhNSFER COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR 6= 12.000
NO OF - : , o
BRANCHS K(13: K(z)" K{3) COLLY - €123 €331 £(213 €221 €0231 CU(31y Ciypy
? . 105“3' —‘;1“ -556 ' 1-353 087'4 '130 ’ 1-719 01554 0931
kS 1.067 437 596 2915 L6485 2RO 1.091 .266 .675 ~1.205% .399
4 1W=N35 «622 -E8% «931 TR W 487 10075 Lu36 W753 1.164% #5339
5, -980 o557 $B76 ‘«882 LT08 L4985 | Y.005 L45B ".728 < 1.082 .544
5 994 «6TY «690 #8336 7220 478 T 1.019 WJ4BY L7442 1.096 558

CFS

Cez3)

.879
«301
« 982

1.uss8

CFS
ct33)
w721

-« 780
-« 790

«7R0

CFs

ct33)

e 728

«804
«762
75T

CFs
Ce3p)
.765
799
.781
779

CF§

ct33)

-e733

e 793

166
«T67T

CF3s

ce33)
‘e 834
v 876

‘« 8438

ctg1)

cen1)

l1e158
1.202
1279

Cty1

1Lose
1L011:
1.001

Clu1

» 955
=892
« 887

«98%
«941"
«339

Cly1)

#9332
«887
.888

Cly1)

1971
» 316"
«930

cra2).

12336
1.356
leu32

Cl42y

1.091
l.04 9
1.040

Claz )

0737
.« 704
% 700

S Cea2)

‘788
«771
«769

Claz?

#7332
w73
P 85

crazy

w182
753
T8 7

43 )

» 52 3
T8 2
«819

CL43n

646
«666
‘w650

XS

- 88 Q.
- 55 &

ceug)

«GT T
676
67 4

ct83)

« 5651
«GH 3
- 545

cruz

« 67 &
»660
67 4

/
Ct51)

1,202
le279:

c(s1y

1.049
1.040

c(s1)

1.011
1.007

cish)

« 999
« 996

ci51)

.997"

999

€51y

1.014.

1.028

ce52)

1. 356
le432

c(52)

l.087
1,078

€52

»811
« 306

ces2)

«812
« 810

cts2)

« 805
« 807

‘w822
« 836

cis53)

329
«39053

€531

«675
«666

cg3

.682
«678

ces3)

676
«674

cts3)

+668
.670

cts3)

«691
<705

1¢
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Table 3. Continued.

TABLE OF POWER-TRANSFER
NO OF :
Ke2y

BRANCHS ®(1)
7 1.552 473
X 1.n83 U2 2
4 1.055 619
5 712 371
5 1.028. - 686

TABLE OF POWER-TRANSFER
" NO OF A

BRANCHS KU1}~ ®i2y:
> 1.574 P11
3 1.068 w403
4 T1.032: «604
5 «975 L6k 0
5 .988 e 652

TABLE OF POWER-TRANSFER

NO OF :

BRANCHS K{1}- K{2)
2 1.580 5189

o 1.049 <404
[ 1.012 .588
5 «99u .£59
5" «982 «RG7T

TABLE OF POWER=TRANSFER

NO OF

BRANCHS K(1): K(2y:
2z o 1586 w880
3 1.07% «423
[ 1.063 -638
5, ) .9‘3'3 ‘834
s 1.004 «639

_ TABLE OF POWER-TRANSFER

NO.OF

BRANCHS X({1)" K{z2)"
bd 1.559 w479
3. 1.108 «433
g T 1069 -623
5 1016 <666

8T 1.007 «558

TABLE OF POWER~TRANSFER

NO OF

BRANCHS KX(11: K2y
? 1+559  + 384
'3 1.076 »375
4 1,069 .600
5, 1.047 673
5 t.018 YY)

COﬁFFICEINTS AND ENERGY~-TRANSFER COEFFICIENTS FOR Q= 14.000

K{3)
«577
7072
..39 7
« 7YX

ci11)
1.374
930
.352

«61 3
« 929

CO12) C(L3)° C€(21)  C(22) C(23}

.831
B 4
.731

‘e l22:

- 738

.261
<343
.498

«222

° 537

" 1.730
1.118
1.098
.738
1.054

115
«267
43 &
170
486

- 83 &

« BT

- 756

L4484
075 UI

c31), ce3

L.202

«356
1163 L507
«784  .230
1.110° 546

COEFFICEINTS AND ENERGY-TRANSFER CUEFFICIENTS FGR-Q: 12.000

Ki 3}

+530°

-686
« 66 8

w680

COEFFICEINTS AND ENERGY-TR ANSFER COEFFICIENTS FOR 0=

K(3):
+537
51T
<666
«68 1
.66 8

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR Q=

K(3)
o872
«BOS
«710
+689

" «hYH4

COEFFICEINTS AND ENERGY~TR ANSFER COEFFICIENTS FOR G=

K(3)-
«570
<619
» 700
+B19
«611:

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR Q=

K31
5485
~584
«690
«5699
~6710

c(i1n
1.380

« 907
«933

- 880
'«893

Ce12y CeL3?

‘e 84 4!

«518:
« 714

“ef91
L 70y

«25%

« 510
‘a475
e BB 6

- {99

C(L1Y  CC12). C{L3)

1.362

-884
«90 3

- 885
«873

[ S &)

Tle354
<919

«357

.90 3'

«908

ceyLl)

«955
- 1:%1]

T
9N g

[ SR
1.395

« 923
.3“ 6.

»32 5
«89%

+856
‘oGl T
«6596

L7007

+» 695

. 249
- 3297
e 449
LH9 N
. 482

Ce12). CI13)

« 734
‘592
‘e 7UY
« 5490

Cey2): Ce13-
o244

«81 %
‘e 655
«727.
«71 7
‘w7038

191
. 306
. 882

894

« 499

0351
L0982

«515

- 506

ctz1}
1.7638
1.185

S1.n81
1.016
1029

ciz1)e
T1.789
1.1l
108V
"1.038

1.026;

ctz1)
T 1.818:

.1l.164

"l.147
1.066
.1.071

cez1

le728
. 1.134
1.0n98
1.036
1.028

Cryz1 Ce13y . cezl)

le768
‘592
650
« 704"
«67%

« 204
«296
450

e R7T

1.722
1.08%

1.080 ‘

N lt-ol}a.
T1e01%

ctz2) C(23)

«13 7
e2b 5
w425
‘e 44 3
o 45 G

C(z2) ct23)
114

. «181
252
Y
Lg:

ctz2 1 €i23)

«25 6
$33 5
2505
+51%
«51%8

€321 C(23)
Jdug
$237 .

450
478
<459

943

.670.
.754

726!

»733

e5B Y
w733
«739
1286

+708

‘T34
« 762
« 767

« 836
«635°

<758
« 744
‘735

Ct22) (23}

Wb
«18 8
31T
Cel3 b
o406

« 65 &
‘738
s 745
11T

Cd3L) CU32)

11159 -}35‘4
1160 517
" 1.059 L.S522
1.071 .534
10.000

C(31) Ci32)

1.151 +333
11100 ..476.
1.063 518
1.051 .505
8000

€311 Cce32}
1.135 342
1.124 510
1.0467 518
1.051 523
&.000

CezLy  cr32)
1.236 348
1.178 -.489
1.106 .512
1.096 504
4.0h0

C(31) . C(32)
1.210; .346
1.169 .499
1116 540
eS11:

T1.087

CFS
C(33)

=807

«857

«531

‘w847

CFS
Ce33y

» 789

« 805

«818°

CFs
cCi33}

» 770

+815

.209
797

CF s
Ce33)

.798
86U

«823
«827.

CFS

ceyx

«811:

«348
«821
«813

CFS
ce33
.203
.853

‘e84 4
‘e 815

Cy1)

1.007
. 976

cly1)

«362°

«S05

» 918

Cey1y

.953
-« 928

‘.91&

ceu 1)

1.024"

«965

cig1n

1.639
« 9377

C(l{:’l)

1.080
1,040

1.011:

Cl42y Ceu3

+801 688
‘e 482 e 394 -
‘« 788 710

Clg2) CL43 )

«761 «667
‘- 732 » 65 1
+ 745 .664

Clg42) CL43)

« 759 668
761 .683
e 7849 LB7T
Cty2) Ce43 )
832 . L701
«800 .687

CL42). CLy3 )

.826 o703

.302 .636

w794 J6BT-
Ctua2) Ce43).
.835  .709

“829 .720

800 .631

ci51)

. T54
1.069

C(51)

1.016
1.02%

C(513

1.057
1.0464

l.018
1.023

cesl)

1.038
1.028

Ci51)

1.116
1.087

C(523 C(53)

- 548 « 394
- 364 . 710
c(52) Ct53)
L811  .669
.823 .82
ces2) €153
.833  .679
.827 567
CLS2) C(53)
.« 659 «686
L6632  .630
Cts2) Ci53)
.823  .322
<815 .313
Ces52) C(53)
.857  .678
.829  .650

(43



Table 3.

TABLE OF POWER-TRANSFER
NO OF
BRANCHS

.7

4
1

3

5

I'e

4

Kt{1y-

1.85%0

1.057

1-069

11100
1.110

Continued.

K21
'53‘4

«471
11T
»822
«822

COEFFICEINTS AND ENERGY-TR ANSFER COEFFICIENTYS FOR @z

Ke 3y
513

«592

"« 788

c{117
1.450
-3583

1.024

v 1,089

Cey2)
- 904
693

C

802

«857
- 857

(13})
332
« 339

»821
« 671

Z.000

€121y Ct221.°C1231  C(31) C(32)
1.4540 <154 0795

+980 »303 .635 1.2100 .318

12024 499 75T 14202 .588

: 1’-0‘%‘3 597 «81% 1.20 2 674

CLT 104 R w819 | 14202 674

«587

CFS
SCe3n
'.803

«886
« 830

#9320

C(y1)  Ctu2is

1024 .980
1=049 1,011
1L049 1,011

€433

=187
'8‘* s'
~845

€{s5it

1.202
1.202

cis)

7

372

ci53)

«726
» 726

£e



Table‘% Computed values of dimensionless power-transfer and energy-transfer coefficients from data in Table 2 for

test seriés 3 and 4,

TABLE OF POWER-TRANSFER

NO OF
BRANCHS

1646
C 1095

«385
«%39

AW W N

TABLE OF POWER-TRANSFER

TABLE OF POWER-TRANSFER

NO OF

BRANCHS Kt1):
v 14664
3 r.n20
g 74
5 806
5 $892 .

NO OF

BRANCHS K(1}-
2. 1+559
3 -958
-3 -G 6
5 »885
5" v859

L

TABLE OF POWER~TRANSFER

NO OF
BRANCHS
©1.061
1.033
-972
-966

CcWSANe NN

TABLE OF POWER~TRANSFER

TABLE OF POWER-TRANSFER

NO OF.

BRANCHS K13~
7 i 1e%82
3 w29
4 «380
5 <909

NO OF

BRANCHS Kt1):
2 1.528
ks 106
4 . 1.028
5 «956°
5 «352

K1Y

1015

K1)

K{2)

«419

<310
‘w854

«553.
« 507

K2y

«553
«376

«554
540

K{2)
«523
«232

«51 7

«566

«SHEO

K{2)!

1.159
«7580

«867

~859
<853

K(z}
1.202
<734
-828
794
« 809

Kt2y
1116
«751.

«87%.
«856

- =862

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FGR 0z .

2.chbo
K(31. 11 C(gz:.C(Léw €21} 221 c(23) ttgx) cigy
« 526 14471 4991 221 ~1.820 ~.153% 831 ‘ '
»41% #8348 L6822 L.275 1.118 L07% .%97 1.233 171
0534 .89‘3 070‘5 0389 . 1'13!42 ,237: 0538 1-131 -308
568 <820 o712 e&41. 1003 3100 L8655 1.080 371
522 «8%4  .666 385 «95 7 .264 609 1.034 L3258
COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FGR. 6= 4.000
K¢ 30 CILI)  Ct12)7 CLL3)  C(213- C(32) C(33) CI31) C(3)
493 1,406 918 177 14722 .158 .409
- 515 -8R0 .623 232 1086 o238 .55  1.133 o267
571 -872 .572 .370 " 1.001 .375 .5628 1.068 397
«566 806 o634 <374 «917 +378 .596 2974 397
551 «791 .B2O .359 L3027  .353 .582 <960 .%83
COEFFICEINTS AND ENERGY~-TRANSFER CQEFFICIENTS FOR 0= §'.0B0
K( 3} C(I1)  CEL230CHL3) €21 ct221: czgs: C131y  ce3)
515 1506 .893 <217 T1.711. L1353 L8200
wH33 «784 523 JIR3 <955 .133 485 1.127  .2200
550 «825 816 337 L850 L3113 .586 1.083 <380
- 564 w784  .B03F .363 «831 o333 .578 1006 <401
-538 «758 .578 337 #8865  W317 .552 . .9B0 375
COEFFICEINTS AND ENERGV—JRANSFER COEFFICIENTS FOR Q= 6.000
Kt 3y, CL[1)  CU12) CEL3) C(Zl) C(22) CL23) C(31) CL32)
.529 " 1.33%0 1.4%9 L1846 le 7u2 L8139 .87 3 T
« 550 «874 863 L3700 1W091 . .605 o633 1219 682
o657 L8904 o973 L.436 1.072 896 <718 1.171 .75&
B2 «851° .911; 449 «996 L6872 .E91 1.081 .723
«635 «845 4904 L4 «389 L5655 BB 1.078% L71T
COEFFICEINTS: AND ENERGY~TR ANSFER COEFFICIE&TS FOR 6= 8.380
K(3}) Ctyly  Ce12) C(13)  Cizl)  Cr32) €23 Ci31)  Ci3)
<556 1306 1.504 .189 ° 1.818 .980 .91 %
#5150 «856 .939 251 1.104 621 .628 14126 642
0601‘ -855 .931‘ -3‘38 1.059 068 q 0690 .' 10078 w701
«877 £789  .844 .386 L9504 .632 636° .969 o546
«592 80U L8B0 LH01T T 970 L6488 W65 «984 WBE2
COEFFICEINTS! AND ENERGY-TR ANSFER COEFFICIENTS FOR 6= -10.0DO
K{3)- CLLly  CUi2) CUL3y CA21) - C(22) Ct23) ~C(31) C(32)
L4904 ¢ 14371 Te876 o127 1685 757 .862
»530 "«Bl17 4967 L.256 . 1.077 .588 .683  1.151 .698
5651 951 <984 L4473 1079 L7011 783 1.136 .786
+635 »882 L9319 445 #9592 o665 L7033 1L.041 LTBQ
641 B8R L.925 WA451 9599 672 L7009 1.048  .746

CFS
€33
356

«459
« 501

<455

CFsS

ce33)

‘.7“ 6’

«768

«716.

.702
CFS
cL3n

«652

‘e 715

<689
.653

cFs
C§§3)
.7“7
-806
e767
750

CFs

C(;S)‘

«665°
» 719

«B662
-« BTT

CF S
€33

«691
780

« 735

- 748 1

Cl41)

«989
» 9357

Ciy1)

-« 956
«879

«864

Ctuy

«927.

=872
» 846

Ciy1)

«983

919
JETR§

Cly,1)

«920°

« 835

«3850

PR

L
- 876
»882

cey42)

»570
»587
«551:

ces2)

B65
-627
e 613

ctugy

«726.

700

C(%ﬁ)'

1.042

«970
« 354

ciyz )

«998
.9D2

«917

ceuzy.

l1.015:

ce43)

.650
» 666"

+620

ce43)

«517
. 500
« 48 &

ce43)

«562
«55 8
«532

cry3)

«627
«613
.6&6

ce43)

«537
« 55T
« 572

cey3)

-5638
'61 2-
«518’

Teesl

1.003
« 957

. 955
941

C(§1)

«872
« 848

Ces1)

1,01%

1.4007

c(sL)

»921
.936

cts1)

‘e 986
- 992

ctg2)

« 777
‘w731

Ces2)

o T34
.719

ce52)

. 757
« 731

Cts2)

1.021

1.015
ces2)

. 945
« 360

ci52)

1.017
1.023

ci53)

«578
«532

Ces3y

«Bll
«627

€53

«632
-606

cts3)

«630
+684

€53

«643
658

c(s3)

-680
.686

e
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Table 4, Continued,

"TABLE OF POWER-TRANSFER
NO OF :

BRANCHS K(1): Kt2)
4 1.610°  1.064
3 1.012 «735
e 1.017. «R75
5 -q34’ <840
57 +377. .883

TABLE OF POUWER~-TRANSFER
NO OF

BRANCHS X(11° K21
2 1.521 +573
3 10048 «435
% 1.0125 « 616
] « g4 2 0621
i .973%. - 652

TABLE OF POWER~-TRANSFER
NO OF

BRANCHS K{1): K2}
2 1-922 «443
3 T.053 «391
u 1.013. <601
S «249° «625
% .282 «E58

TABLE OF POWER-TRANSFER
NGO OF

BRANCHS K(1}- Ke2)
b 1.559 <455
3 1.-0686 «388
4 W46 «58 4
5 378 «R17
g <987 <626

TABLE OF POWER-TRANSFER
N0 OF

BRANCHS Kl1}): K{)
? 1436 <408
3 1.034 -398
y 1.0u8 «BiG
5 -353 818
57 «98 3 609

TABLE OF POWER-TRANSFER

NGO .OF :
BRANCHS K1y K(2)-
? 1.510° w437
2 1.noe .352
o  t.009 +564
5 «932 #589
5" «937 «5973

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR 0= 122000 CFS

Kt gy CeLL} C(12) C(13) C{21) Ce22% C(23)
500 © 14331 1.489 189 " 1.489 L8639 L8100
LG4 1 +893  .976 291 .976 .528 .e18:
662 «938 1.002 L4871 " 1.002 +655 .72%
626 857 913 456 2913 W61 4 LAT &
668 .S00 .955 .499 2955 W65 LTI

Ci31) -

1.167
1150

1.083

ll.081

ce32):

«700

789
#7129
LTT2

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR Gz '14.000

K( 3 Clid}  Ce12) Ce13)  C(21) C(22} Ce23)
«555 1.360 .808 .1i8% 1.681 +337 925
«580 w91 #8100 281 1070 <352 T.6T1
680 927 1oTUZ w8477 1058 o509 L7493 .
642 wB4T o653 LUWI4 . .9B0 w488 o694
#673 +«878 .684 465 «980 +725

+51 8

Ce31d

1173

1.059

1.138
1.029

ce32)

“e 8 8.
470
« 500

COEFFICEINTS: AND ENERGY-TRANSFER COEFFICIENTS FOR G= 12.000

K(3). CLLIY CE12). CEL3) - CE21)  CLZ22) €13
#5211 - - 1359 L828 L192 T 1.6856 L0358 LB
«56 6 »885 L605 L2770 1.057 .19 ,.616;
678 +326 WLT71I0 450 1.0B0 o395 .718
«B5 & eBRZ ..B75 G452 «977. #4805 683
«589 «895 L7086 L4885 1010 .838 716

L Ct3

1.217

l1.18%

1.083
lell®r

cr32)

528
«518
«551

COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENYS FOR 0z '10.000

Kt 31 CLLYIY  CO121 CLL3) CLZ1)  C(22) CU23)
«482 1.375 817 44 " 1.742 'L03% 819
. S% Y «898 L603 249 1-.091 4222 .635
« 659 «380 W712 'e 438 1.080C o417 71 %
641 w877 681 LG4 S 1.006 427 .682
»650 «887 o 45 4 1.00% 436 631

. 690

C(31)

1.2 0
1e18%
l1.0856
1.085

COEFFICEI“TS AND ENERGY-TRANSFER COEFFICIENTS FOR 0=

ClLI)  Ce12): C(13) CI(21) C(22) C(23)

K{3).

~H2 0 1354 836 L0668 1518 ~.020 772
«551 «905 W.632 <227 .991 .181 .598
«678 «957 L7440 L4227 1WD019 LW391 LTI &
+639 +865 o683 LH1F «922. 382 .6b0
« 530 855 L.BT3 LH0Y «913 L3722 LEEQN

cez)

"1.207

1.186
"1.0656
" 1.056

COEFFICEINTS AND ENERGY”IQANSFERVCOEFFICIENTS FOR Q=

KI 31 C(L13  €(12). C(13) €211 Ci22) C(23)
oHG G 1.31& .783 .{J98 " 1.704 081 .73l
w493 «853 L5722 L2117 1057 L2007 .S76
o622 ‘e 831 0673 « 393 L 148 o?gﬂ «6786
« 605 823 .635 .39% «960 4393 .639
+60Y . «B28 JB40 L4000 «SE4 .64 3

397

CU3Ly .

T 1.108
1.088
«934

«998.

ct32).

.337
=506
#5004
»51 3

g.nln
coezer
«382
547
506
&.00D
Ce32):
«277
w445
LGN O
Ui 4

cezn

715"

« 800

«739

«781

CFs

cez3.

‘e 788
.8"‘0
772

CFsS

ct33)

«869

«813:
« 846

CFsS

C133)

«778.

‘848
-« 798

« 807

CFS

c(33)

«828]

«882
«813
‘808

CFsS

33y

«632
‘e 766

‘e 716

#7720

«811:

ciy1)

«977
«892
- 934

Cey,11

«978°

- 891

#9922/

«B82

‘v 823

‘- 856

Ctul

-« 902

«911°

Ci{4,1)

1Lo019

.922

«913:

Ctyrd

1.008

Ce421 €431

1.05¢
L9600

l.002

ctuz)

cTEW

=707
738

ceuz)

. 7TL

"761.

.« 700.
« 6700

680

Ctuzy.

w179

« 7160

« 707

C!%Z)

‘e 700"
-« 704’

e85 %

L CLy3 )

‘wBB 2
063 7'
‘.66 7

SCeu3)

<67 4
o BY &
o677

a4

Clu2): Cru3):

.636
L6165
625,

«B81
.631
.622

EXR

653
‘w82 3.

« 610

cry3y

(51

«368
1.011

C(51)

» 985"
1.015

ces

1.002
1.035

Ci511

« 960
364

ces2)

1.028

cts2)

. 787
.818

ct32)

-« 797
« 830

cts2)

- 804
. 813

S cts2)

735
. 786

cts2)

+ 777
« 781

Ces3)

650

cts53)

673
«703

c(531

«687
«720

ci53)

»5663
572

Ct53)

673
+670

Cf?})

-654
«658
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Table 4., Continued,

TABLE OF POWER-TRANSFER COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR @G= 4.000 CFS

NO OF . .

BRANCHS K(1)- K2} K(-3) C(L1y Cet123  CtL3} Ci21)  C(22) €€23) CHU313 CT32) Cr33) Cly1) Ctu2y Ceu3) 7C(§1) €e52) Ct53)
2 1.55%9 LI « 486 "1.340 o822 L1770 T 14777 <109 .785 '
3 1.018 352 «512 +865 2592 4252 1095 217 578 1.095 <245 707

& 1.n24 «589 6438 «913 701 .438 1er91 810 .63 12091 .432 .780 1.002 .813 .675
s « 967 + 635 - 648 ‘wBET7 4685 458 T 1.020 <434 675 . 1.020 L454 .761 «34% o781 o663 -»382 .81% .685
57 «938- «606 « 620 «83R 656 429 »8992 406 546! »992 o425 ..732: 2918 752 634 «353 .790 +656
TABLE OF POWER-TRANSFER COEFFICEINTS AND ENERGY-TRANSFER COEFFICIENTS FOR Q= 2.000 CFS

NO OF )

BRANCHS K(1): K{2): K{ 3) C(1,1) Ct12r: Ccr13)  €(213 Cl22) €23 C(31)r CU32) C(33) C{41r Ct423°Ce43) C(51) . C(52! C(%3)
2 1231 «425 «368 - 1.231° o908 O3 1.231 ~Los5w .722
3 12019 .41y «554 ‘«865 693 2724 -855 .188 .557 1.325 .30 <841 ° .
y «335 «538 <576 802" 668 304 «802 2277 594 1.158 .40 ..782 «980 '.802 .623
S : «3B0 «669 «678. 857 oT42I o429 "«857 <406 <578 1.164 521 .841° 1.011 .857 o704 1,011 .819% L7739
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SUGGESTIONS FOR EVALUATING THE
PERFORMANCE OF THE MANIFOLD

In examining the performance of the mani,fold’ from the inlet of
each branch to the down_stream section, the last line of energy-transfer
coefficients with a second subscript (or second number in the parenthesis)
equal to 1 are of prime importance. With these values equal to each
other the head losses between eéch inlet and the downstream secti{}n
would be equal. Greater head losses would be evidenced by a larger
such coefficient, and smaller head losses by a smaller coefficient,
Fur?herniore at the same Reynolds ﬁumber these coefficients should
havg the same magnitude in the prototype as in the model.

and ¢

These energy-transfer coefficients Cll’ 021, c31, 41 51

(from the last lines in Table 4) from the different flow rates have been
plotted on Fig. 5 against the i{eynolds number corresponding to the
diffefent flow rates used in the tests. This plotted data indicates that
these energy-transfer coefficients for all brénche’s of the manifold vary
a relatively small amount with Reynolds number. thile for rough
calculations the prototype's performance may be predicted by taking the
~average value of the energy-transfer coefficient for each branch éven
thbugh the Reynolds number from the model tests is different than the
Reynbolds number from the prototype's design operation, better esﬁmafes
of these energy-transfer coefficients for the prototype might be obtained
by extrapolation. It is generally not advisable to extrapolate data very

far beyond the lower or upper values. When it is physically impossible
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Energy-transfer coeffic

Branc‘:h #1 77
Branch'# 2 i
Branch # 3
Branch # 4
Brangh #5

i

4x10° 6x10°

1x100 2x100

- 2x105
Reynolds number at downstream section

Fig. 5, Variation of energy-transfer coefficients between
branch inlets and downstream section with Reynolds
number.
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to test the model at the appropriate Reynolds numbers, such extrapolation
is necessary if the prototype performance is to be predicted erm tests
on a single model. Tests on a sec;)nd model using a different geometric
scale would aid considerably in evaluating such scale effects. Since
Reynolds number for prototype operation at its design conditions equals
1.4 x% 107, (assuming a flow rate of 2,200 cfs and kinematic viscosity of
1.45 x 10—5 ftZ/seC), over 10 times as large as the largest Reynolds for
which data were obtained from the model, such extrapolation is associated
with considerable risks, particularly since the separate curves on Fig. 5

{

"are not W’ell defined by the data.

’ This Q’x‘crapolation might be aided by plotting head differences
between eaci'l inlet énd the downstream section against the Reynolds
nur;lberé as has been done in Fig. 6. The curves on ’;he left portion of
Fig. 6 were obtained using thé data from test series 1 and 2 and those
on the right portién from test series 3 anci 4, Since the actﬁal data points
(not shown) from which the curves were drawn exhibit slightly less scatter
for the right portion of 'the figure, it appears that photographing the
piezometer board has provided better teét data. Therefore the data
from test series 3 and 4 should be given priority over those from test
series 1 and 2.

From the slope of the lines on Fig. 6, particularly the upper

por-tions, the following five equations have been obtained to predict the

head loss between the inlet of each branch and the downstream section.
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Fig. 6. Head loss between iri‘).lyet of each branch of manifold model and a
section 4 feet downstream from the end of the manifold.
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Branch 1
‘ 2. 05
-5 2.05 : A 2
AHF = , 236 (Rgx10 ) 0 = 9,465 P = , 1470V 05
- - - » i - - - - » . . (4)
Branch 2
2. 005
-5.2,005 v : .
AH = ,300 (Rex 10 ) = 11.547———2—~g—— = .1?93V2 005
- * - - - » - - - - (5)
Branch 3
o 2.02
-5 2. .
AH = ,300 (RexlO )2 02 = 11,447 2g = .1778\;’2 02
.«/} ) R - . - - L] - - [ - - (6)
Branch 4 ;
‘ 2.005 '
A = 275 R_x107)7 0072 9,362 V—2~g--5- = 1454 2 002
. S 8
Branch 5
1.992
-5 1, v .
AH = .310 (Rexl(} ) 992: 8.820-2—g——— = , 1370 Vl 992

.- . . e . (8)
in which the AH's are in inches and the velocities in feet per éecond.
Table 5 shows a comparison of the head losses computed ffom Egs. 3
through 7 compared with the recorded values.

From Egs. 3 thréugh b? the head loss can be predi’cted between the
inlet of each branch and the section 4 feet downstream from the manifold.

Thereafter, from considerations of dynamic similitude based on Reynolds



Table 5.  Comparison of head losses (in inches) measured in manifold model and those prediéted from Egs. 3 through 7.

Branch No,
1 P 3 4 5
o f?riez Av |Comp. | Dif. seriez Av |Comp. | Dit. sseriez Av |Comp. | Dif. ieriez Av | Comp. | Dif. ferief Av |Comp.| Dif.
2l 70 .7y .7 | .sa6-.15| .8 .7| .75 .681-.07| .8| .8 .8 | .685(-.12] .8| .7| .75| .624|-.13| .8 .8 .8 | .700/-.1
4] 2.3 2.3 2.3 | 2,26 |-.04] 2.8] 2.6 2,7 | 2.73 14,03 2.8| 2.8 2.8 | 2.78 |-.02| 2.6 | 2.6] 2.6 | 2.51 |-.09] 2.7  2.8] 2.75] 2.78 |+.03
61 5.0]5.3] 5,15 5.19 (4.04| 6.0] 6.0] 6.0 | 6.16 |+.16] 6.2] 6.4| 6.3 | 6,30 | .0 | 5.2 5.7| 5.45| 5.65 [+.20] 5.9| 6.0] 5.95] 6.25 |+.30
81 9.0]9.5]9.25] 9.36 |+.11[10.3]11.2{11.25]10.98 | -.27]10.8]11.0]10.9 |11.27 |+.37] 9.8 |10.1| 9.95[10.06 |+.11}10.4 |10.7|10.55 11,08 |+.53
10 |14.3 [14.2 14,25 114,79 |+.54116.5116.7[16.6 [17.17 [+.57]16.5117.1]16.8 |17.69 | +.89|14.5 14, 9]14.7 |15.74 |+1.04]16.3|17.016.65[17.28 | +.63
12 21,021, 0 (21,0 [21.49 |4,49(23,9(24.2(24,05(24,74 |+.09|25.7(25.2|25,45 25,57 |+.12|21,8 [21,6(21.7 |22.68 |+ .98|24.1 |24.2|24.15 24,85 | +.70
4] 29.7 (297 [29.48 |-.22} 33.7 1337 {3370 | o | 355 [35.5 [34.91 |-.59| 312 [3L.2 |30.89 |-.31] 342 (342 [33.78|-.42

A4
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number modeling with the same fluid, the following equation can be used

to predict head losses in the prototype.

| Y !
m p

Following the procedure outlined above, gives the values of head
losses shown in Table 6.
Table 6. Extrapolated wvalues of head loss in prototype manifold between

branch inlet and downstream of manifold at a Reynolds number
equal to 1.4 x 10",

Branch No. 1 2 3 4 >
Head loss 41.8 42.5 45.8 39.0 | 41.2
{inches) ‘

Head loss 3.48 3. 54 3.82 3.25 3.43
(feet) _

Energy-transfer 1.05 | 1.07 1.15 .98 1.04
coefficient ‘

Note that the energy~tra—r;sfer coefficients obtained from this procedure
(which equal the head loss di&ided by the velocity head at the downstream
section) represent a reasonable extrapolation from Fig. 5 under the
assumption that the curves are very nearly horizontal at the larger
Reynolds numbers. If the exponents in Egs. 3 through 7 had all been 2,0,
then the extrapolation would have assumed that the curves were horizontal,‘
i._e. the energy-transfer coefficients were constant.

In interpreting the predicted head losses gi;ven in Table 6 it should
be regognized that all of the head loss which rnéy be attributed to the

manifold are not included. The manifold, much as an elbow, valve, or
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other local change in a pipe, creates secondary flows which persist for
20 or more diameters downstream. An indication that considerable
secondary flows exist at the section 4 feet downstream from the manifold
is provided by the fact that the four pr'essure taps at this section give
different piezometric heads. These secondary flows cause greater than
the normal head loss in the pipe downstream from the Adisturbance.‘; These
additional losses are referred to as minor losses in pipe network analyses.
A ‘rough but reasonable estimate of these additional losses may assume
that this secondary mofion causes similar losses>to those in a smooth
900 elbow with a radius to diameter ratio equal to ﬁnity. .On this basis

2

these additional losses could be roughly approximated by .2 T’z_@{ = .7 ft.

in the prototype.
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