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PURPOSE

These mocel studies were made to compare the
hydraulic losses through the full open valve for
three butterfly installations, and to determine the
discharge and torque characteristics for a full range
of valve openings for the most economtcal of ‘the
three installations.

RESULTS

1. The butterfly valve with the expanding-con-
tracting body was the most economicai of the three -

installations studied (Figure 1). The initiai cost of
this vaive would be greater than either of the other
two; however, the smaller head loss across the 890°
open lear would result in increased power revenue
to offset the higher initial cost.

A.. EXPANDING-CONTRACTING VALYE BoOY
) 150" | 3y
L]

15' DIAMETER STRAIGHT THROUGH YALVE BOOY
latu 134"

-
/

Ll

C. 134" DIAMETER STRAIGHT THROUGH VALVE BODY

Valve

Figure 1. WVarious butterfly valve proportions. The
butterfly leaves are geometrically similar,

2. The expanding-contracting design produced a
high ceefficient of discharge at the full open posi-
tion. The total head loss across the butterfly vaive
would be 1:370 feet with the turbine passing
5,000 cfs. '

3. The maximum possible torque forcing the leaf
to close would occur with the leaf 70° open. The
torque would be 1.2 x 107 foot-pounds with maxi-
mum reservoir and a fully open penstock down-
stream from the valve. -

APPLICATION

The results of this study may be used in the evalu-
ation of butterfly valves which are geometrically
similar to the ones tested.

INTRODUCTION

el

“The power penstocl-cé at Auburn Dam will be 15

feet in diameter through the dam, and will reduce
to 13 feet 4 inches just upstream from the turbines.
A new cast-and-welded design’ was proposed for

_ butterfly guard valves to be used upstream from the

turbines. Three possible valve proportions and leaf
diameters were proposed for the guard valves (Fig-
ure 1):

. a. An expanding-contracting valve body with a
165-foot-diameter valve gntrance, a 16-foot
B-inch diameter butterfly leaf, and a 13-foot
4-inch diameter valve exit.

b. A 15-foot-diameter, straight-through valve .
body and butterfly leaf in the 15-foot-diameter
penstocks.

¢. A 13-foot 4-inch diameter, straighi-through
vaive body and butterfly leaf in the 13-foot
4-inch diameter portion of the penstock.

The butterfly leaves were geometncally similar in
each of the locations.

This model study was made to measure the head
losses through the fully open butterfly valves for
each of the proposed installations, and to determine
the discharge and torque characteristics for a full
range of leaf settings for the most economical of the |

-three.




The equivalent metric values for relevant British
values in this report are:

TFunni an
. . Cunicul- Surfoce
British value Metric value Bos5-, Cona X5 -
. Redge —-F
Leaf diameter |13 feet 4 inches | 4,064mm Ny ‘ ‘ SECT,C‘,N b4
Leaf diameter 16 feet @ inch 4,572mm -
Leaf diameter 16 feet 6 inches | 5,029mm
Maximum head . |585 feet : 178.3 meters
Design discharge |5,000 cfs 141.6 m? /sec

Maximum torquej?.2x107 ft-ib 1.66x10° cm kg

T" diamater
Butterfiy leaf

These mode? studies were made using air as a test |
fluid. For -simplicity of model construction, and

since the model would not be subjected to liquid = FACE VIEN EOGE VIEW -
fiow, a butterfly leaf was fabricated of wood. The ' _ ;

leaf was 7.000 irEches. in diameter, and fabrication Figure 2. Model butterfly leaf—Wood.

was meticulous with dimensions being held to very _

close tolerances (Figure 2). Although the leaves in

the three proposed installations were of different

diameters, they were geometrically similar, thus the

same feaf was used for all three tests with the

fodel scale being changed to reflect the various

valve sizes. '

'THE MODEL - i
i
I

A modei valve body 6.911 inches long, with a O aum —_—
6.364-inch-diameter inlet, 7.000 inches in diam- ' . .

eter at the leaf trunnion centerline, and a 5.656-
inch-diameter exit was fabricated of wood to repre- Parting Line )‘ -48" hoie. for

. body in tw l.eaf Trunnions
sent the 16-foot 6-inch butterfly valve at a model o g2 '

scale of 1:28.29 (Figure 3).

One straight-through valve body with a. 7.000-
inch inside diameter and 7.000 inches long was
fabricated of wood to represent the 15-foot-diame-
ter butterfly valve at.a scale of 1:25.71, and the
13-foot 4-inch diameter butterfly valve at a scale
of 1:22.86.

Figure 4 shows the model butterfly leaf used in all
three tests and the leaf installed in the expanding-
contracting valve body.

. . . EXPANO ING-REDUCING VALVE BOOY
The butterfly valve to be studied was installed in ]
Note - The straight through body wos

the laboratory air test facility (Figure 5). In Figure 7.00 inches inside diameter and 7.00
5A the blower and air intake are enclosed behind inches long. The same butterfly leaf
the model. The blower is capable of a maximum wos used for oll tests. '
discharge of 1,800 cfm of free air, and a maximum A o
pressure of 9.9 inches of water. A 6.045-inch- Figure 3. Expanding-contracting modsel butterfly valve
diameter sharp:-edge orifice is between two flanges bidy—Wood.




Edge view, Face view.

Leat

Leaf mounted in the expanding-contracting body.

Figure 4. Model leaf and body. Photos PE01-D-73229, P801-D-73230, and P801-D-73223

on the far left of the photograph. Flow straightening
vanes upstream and downstream from the orifice
assured uniform flow into the orifice and into the
test valve. A manometer capable of displaying
pressures, either differential or direct, to 1/1,000
inch of water, is in the center foreground. The
wooden test valve representing the 13-foot 4-inch
diameter valve is to the right of the manometer.

Figure 5B shows the installation for the model valve
representing the 15-toot-diameter valve, and Fig-
uré 5C shows the installation representing the 16-
foot 6-inch diameter valve. Tests were made with
the butterfly leaf fixed in the 907 open position for
all three installations.

A plot of the wvariation in flow passage areas
through the fully open valves is shown in Figure 6.
The flow passage area in the straight-through valve
contracts 33 percent between the valve inlet and

the leaf trunnion centerline, and expands to the full
pipe area at the exit. In the expanding-contracting
body valve, the flow passage area gradually con-
tracts 23 percent between the 15-foot-Jdiameter
valve inlet and a station 81 percent through the
valve, and expands 3 percent to the 13-foot
4-inch diameter valve exit. Since the butterfly
leaves in the three valves are geometrically similar,
the head loss differences in the three installations
would be due mainly to the contraction-expansion
losses, and would be expected to be a minimum in
the expanding-contracting body valve.
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A. 13-foot 4-inch diameter straight-through body
Photo P801-D-73231
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Figure 6. Flow passage areas.
VALVE COMPARISON STUDY

A series of test runs was made to evzluate the
losses due to flow through the model conduits, and
through the cones in the case of the straight-
through wvalve bodies. For the tests with the ex-

) ) . panding-contracting valve body, the valve was
B. 15-foot 0-inch gggﬁg;‘ggg"'hm"gh SR P removed and replaced with a cone to permit the
isolation and evaluation of the losses due solely to
the butterfly valve body and leaf.

The prototype dimerisions and scaled model di-
mensions for the three installations are shown in
Figure 7. Computations were made 1o evaluate the
Fead losses due only 1o the valve bedy and leaf. A
ceafficient of loss K’ was determined for each
instaltation where:

AH = K V1% /2g

AH is the head loss across the butterfly
valve (ft)
K is the loss coefficient

C. Expanding-comracting body. Photo PBOY-D-73233 Vy is the velocity in the 15-foat-diameter
upstream pipe (fps).

Figure 5. Laboratory installations.




The values are:

Valve head loss
for Q =5,000 ¢fs
(Auburn Dam turbine
discharge}

Valve leaf
diameter

1.370'
4.724"
8318

16-foot B-inch
18-foot
13-foot 4-inch

0.110
0.380
D.669

{See Figure 7)

For the 13-foot 4-inch diameter valve, -when the
loss coefficient is based on the velocity in the 13-
foot 4-inch conduit, the coefficient 'K'" is 0.418.
Since the same model butterfly valve body and leaf
were used for both straight-through valve tests, it
appears that the loss coefficient for the two valves
should be identical when based on the velocity in
the section of penstock in which the valve is in-

stalled. However, it is felt that the location of the

13-foot 4-inch diameter valve body one-half pipe

diameter downstream from a reducing cone created .

a small additional loss through the 30% open valve.
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90° popen leof E valve ‘ in{ 2 i
body
¥| = Velocity in the upstream
conduit.

Figure 7. Head loss comparison ‘or three installations,
The same model valve leaf was used in all tests..

Des:gn engineers computed the projected power
fevenue loss over the life of the project due to the
head loss across each of thé three wvalves, and
considering the initial installation costs, it was de-
termined that- the -expanding-contracting valve
body was the most economical design.

The- necessary- mode!l modifications were made to

.continue the study on the chosen valve to deter-

mine the discharge and torque characteristics for
the full range of valve openings.

TORQUE AND DISCHARGE STUDY

1.0

“ The torque on the model buttertly leaf as initially

constructed, operating with air as a test fluid, was
not great enough 1o overcome the friction between
the wooden trunnions on the leaf rotating in the
fixed wooden bearing surfaces in the vaive body. To
reduce this source of error for the torque measure-

ments, the mode! was modified by counterboring .

the valve body bearing holes and machining. the
leaf trunnions to receive two free rotating metal
bearings. The insertion of the bearings, with s‘,me,
slight additional dressing down of the Ieaf ‘:;nd
body, allowed the leaf to rotate practically friction-
free. The valve was reinstalled in the model pen-
stock as shown in Figure 7A, but with the trun-
nions mounted horizontal. A centered and balanced
leaf position indicator, with readings as small as 30
seconds of arc, was mounted on the cnd of one
trunmion. An arm 12 inches long was clamped o
the other trunnion. A platform scsle, ""dulﬂg to
0.01 pound, was placed beneath the valve in such
a position and elevation that one end of a vertical
rod could be placed in the center of the platform,
and the other end would support the 12-inch rod
exactly horizontal. The top of the vertical rod was
shaped to a knife edge {Figure 8}

With this arrangement, the lever "arm through
which the turning force of the leaf was applied to
the platform was the horizontal distance between
the centeriines of the trunnions and the vertical rod.
A1l torque and discharge measurements were made

__.mth a iength of conduit downstream from the
butten‘ly valve. Care was taken to prevent stray air

currents from b1owmg on the platform of the scale.

For each valve leaf position tested, the leaf was
positioned by clamping the horizontal rod to the
trunsiion at the desired rotation of the leaf. A check




was made to be certain that the two rods were
horizontal and vertical, respectively. The lever arm
was measured and the platform scale was balanced
to ascertain the tare caused by the rods.

Three test runs were made for each leaf position
tested: the maximum discharge possible with the
laboratory blower, and about two-thirds and one-
third the maximum discharge controlled by restrict-
ing the exit end of the downstream conduit. For
each iest run, the air pressure was measured up-
stream and downstream from the orifice for dis-
charge determinations. The pressure was measured
at selecterd locations upstream and downstream
from the butterfly valve. The teaf position was
determined during each test run, and the platform
scale was balanced and read. The local barometer

Butterfly valve with an expanding-contracting body. Photo .
PX-D-72575 was recorded every haif hour, and the air tempera-

ture was read at the mode! for each test run. The

tare was read after turning off the airflow and

measurements. checked against the beginning tare as assurance
that nothing had changed during the test run.

Figure 8. Laboratory installation lor torque




Typical Computation

The computatidns required to determine the coefficient of discharge, torgue, and. torgue coefiicient for one typical

test run with the expanding-contracting body butterfly velve are as follows:

Test conditions:

Valve leaf setting 700
Barometer 24.58" Hg
Temperature . : 75.29 F

© Lever arm 3 inches

Test readings {pressures in inches of H, O}

Tare (pounds} Orifice pressure Valve pressure

Before After Us DS ~Us [ _ DS

“Scale
{pounds)

0.20 0.20 9.171 6073 | 5880 | 3632,

© 1.54

Computations

Ambient air pressure corrections (barometer plus fine pressure)

Orifice : 24, '58+9 171

= 0",
7357 = 25:26" Hy abs.
| 5.880 _ ”
| Valve, US : 24 58 + 1357 25.01‘ Hg abs.
3.632

Valve, DS 21 bg + 13.57

=24.88" Hg abs. -
Bischarge corrected for ambient pressure:;

Orifice 18.401 cis air
Valve US - 18.5655 cfs air
Valve DS 18.690 cfs air

V,2/2q =.(18.565/.219)2 /2¢ = 111.47" air

o Vo?/2g = (18.690/.173)% /29 = 181.23" air

i

Ratio, ft of air/ft of H, O

US from valve 1,000.0
DS fram valve 1,016.0




Coefficient of discharge
Head Ioés across the valve:
- Total head at US piezometer,

Hy {press.ure head) (ratib) +V,%/2g

Hr = (E'%BQ) {1.009.0) + 111.47 = 605.88 ft air N

Head loss—piezometer to valve (see Figure 7A}

Ho = L/DOf V2 /29
L/D = |ength to diameter ratio of pIpE
o f = friction factor, determined from previous study
V,%/2g = pipe velocity head, fps

Hy = (lg‘—;—g‘) (011){11147] 24Gﬁair '

Total head US = 605.88 — 2.46 = 603.42 ft air

Total _he\ad at DS }ﬁeizometer:

3.632

Hr =\ 12

{1,016.5) + 181,23 = 488,89 ftair

Head loss—valve to piezometer: -

: 19.88 ' .
o - (?.BE) (.011) {181.23) = 7.00 ft air

Total head DS = 488.89 + 7.00 = 495.87 ft. air

4H = 603.42 — 495.89 = 107.53 ft air

Coefﬂ(:lent cumputatmn

Q CaAV23+/BH

Q= 18.5856 cfs air
A=0.219sq ft _
AH = 10763 ftarr s
Cd = 18.555/[{0.219} (8.02) ~/107.53]
= 1.018 ‘ ' o

The coefficient of dtscharge {Cq) values were computed and aueraged {or each of the severa! test runs for each Feaf
position. The averaged C,4 values were plotted against the leaf position and a best fit curve determined. The result is
the coefficient of discharge curve, Figure 9.

Y
CRRh

Coefficient of torque (for the example above}: o

Measured torque'3= 11.54--0.20) = 0.335_ ft-lb

3
12




Q = C4A V2o VAH :
A = Area of upstream conduit
" AH = Toto!l heod drop across 7
©  the butterfly volve,
ft. of fluid

latet diam

Leof diom

Leaf thickness
— Body Length

Suilet.diom

oW

70 60 50. Lo 30 20
BUTTERFLY LEAF POSITION - DEGREES (90° {5 FULL OPENJ

Figure 9. Discharge coefficient—Butterfly leat position— Degrees {90° is full open) RO

V,%2g {corrected to feei of water)
{111 A7)/(1,008. 0’ 0 $10 ft

. An average.curve, V1‘/2g vs torque, was drawn for each leaf pOSItIDn tested (Figure ‘IO) A coefﬁc;ent of torque
“'for each leaf position was detﬂrmlned where:

E T=C-1-Dz AP

T = torque, ft-lb
Cr = coefficient of torque
D diameter of the upstream pipe, ft
AP = pressure drop across the leaf, lo/sq f1
AP = {V,/20) (1/C4%) (W) :
W sp. ‘weight of test fluid

. The computed values’ for Cr vs Ieaf position were plotted and a best fit curve deterrnmed The rﬂ;ul‘t is the
coefficient of torque curve, Figure 11 ' : b




= VELQC|TY IN UPSTREAM CONDU|T

)i Yy

(v,ZJ(FT Hp0
209 FT AIR

.0 .
.03 .04 .05.06°.07.08.09 .|

TORQUE-FT-LBS

_Figure 10. Model valve,torque vs vy % /2.

The prototype vaiues for torgue and v, % /29 may be computed from the values in the above example:

vl’/29U,, = {N} -(Vx’r’ZQ{M)) '

where (P} denotes prototype
‘(M) denotes model
{N) is the scale ratio, 1:28.28

Eat

So V,%/2q(py = (28.29) {0.110)= 3.112 ft

Torquepy = N* torqueqy)
Torquep) = 128.29)° (0:335)
-=214,574 frlb

A family of curves showing Auburn Dam prototype values of tbrque Vs V,2!2§: was drawn, Figure'12. {Note: The
1orque shown on the chart; Figure 12, for V;%/2g = 3.112 is slightly higher than that shown in the example due to
the averaging of all data to produce the chart,) : ;




Cr DS &P
= Torque, Ft. Lbs .
T = Torgue coefficient

= Upstream conduit diameter
P = Head drop across the leof,

. lbs/sq.ft.
AP = (V,2/2g)(1/C42) (W)
l =

Velocity in upstrecm canduit
Caefficient of discharge

v
Cq
W Specific weight of fluid

\-———_—

80 70 60 - 50 40 30
LEAF POSITION, OEGREES: §0° 1S FULL OPEN

Figure 11. Torgue ccefﬁcian:t—Leaf position, degrees, - a0? is full apén.




Viz . . . . S
—t = Velacity head in tne [5' diam
9 upstream conduit

7
ug \“Totul head upstream from
the valve = S85' (Maximum)

Downstream conduit flowing
full. - —

/4

165 08
TGRQUE. - FT. LBS.

Figure 12. Prototype valve, torque vs Vy 2.{29. 15-fopt-diameter upsiream aeﬂstock-—-TS-faét 4-inch
diameter downstream penstock—16-foot B-inch diameter leaf.

Using the C1 curve, a family of curves was drawn plotting tarque vs AH where:
T = (Cy) (D®) {AH) (W}
tarque, ft-lb
coefficient of torque .
upstream pipe diameter (15 feet)

total head drop across the valve
sp. weight of water—62.4 Ibfcu ft

The resuits ot the computation are shown on Figure 13. '

The maxirmum torgue which could be expected at Auburn Dam was computed using the maximum reservoir head,
585 feet above the vaive centerline, and the penstock downstream from the valve fiowing full. The computed
values are shown as the limiting curve {dotted line} on Figu:i#s 12 and 13.

12




A T O I
fleaf position, degrees
(90° is full npen)

&

ki i |
od drop across 1 :
y valve, Fi HEU

S
X

V&

<

[
N
);

A

Tatal head upstream
from the volve = 585'
(moximum) Downstrecm
conduit fliowing full

_ 106
TORQUE-FT. LBS.

Figure 13. Prototype valve, torgue vs &H. 15-foo

t-diameter upstream penstock—13-foot 4+inch diameter
downstream penstock—16-foot B-inch diameter leaf.
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Bureou of Raclomation

CONVERSION FACTORS~BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adepied by the Bureau of Reclamatian are those published by the American
Seciety for Testing and Materials {ASTM Metric Practice Guide, E 380-63} except that additional factars ("}
commaonly used in the Bureau have been added. Further discussion of definitions of quantities and units is given in
the ASTM Metric Prectice Suide,

The metric units und conve:sion factors adopled by the ASTM are based on the “International System of Units™
{designated 51 for Systeme International d'Unites}, fixed by the International Committee for Weights and
Measures! this system is also known as the Giorgi or MKSA {meter-kifogram [massl-second-ampere} system, This
systern has been adopted by the International Organization for Standardization in 150 Recommendation R-31.

The metric technical unit of force is the kilogram-foree; this is the force which, when applied to a body having a
mass of 1 kg, gives it an scceleration of 9.BDBE5 m/sec/sec, the standard acceleration of free fall toward the earth's
center for sea level at 45 deq latitude. The metric unit of force in 81 units is the newton (N}, which is defined as
that force which, when applied to a body having 8 mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units
must be distinguished from the {inconstant) local weight of a body having a mass of 1 kg, that is, the weight of a
body is that force with which a body is attracted to the earth and is equal to the mass of a body multiptied by the
acceleration due to gravity, However, because it is general practice to use “pound™ rather tham the technically
coreect term “pound-force,” the term “kilogram® (or derived mass unit} has been used in this guide instead of
“kilogram-forge” in expressing the conversion factors for forces. The newton unit of force wil! find increasing use,
andl is essential in SI units.

Where approximate or nominal English units are used to express a value or range of values, the converted metric
units in parentheses are also approximaie or nominal. Where precise English units are used, the converted metric
units are exgressed as equally significant values.

Tabte |

CQUANTITIES AND UNITS OF SPACE

Multiply By

LENGTH

25.4 (exactly} Micron
25.4 {exoctly} Millimeters
2.54 (exoctiv)® Centimeters
30.48 (exactly) Centimeters
2.3048 lexactly} ™ Ieters
<+ 0.0002048 {exactiy}*
0.9144 {exactly)
1,609,344 {exactly}’
1.609344 {exactly}

L. AREA

Square centimeters
Sguare centimeters
Square meters
Square meters

v v v as oy Hectares
Square meters
Square kilometers
Square kilometers

Square inches 6.4516 {exactlyl
Square feet “929.03

Square feet : 0.092903
Square yards 0.836127

VOLUME

Cubic centimeters
Cubic meters
Cubic meters

Cubic inches 16.3871
Cubic feet : 0.0283163
Cubic yards 0.764555

CAPACITY

Fluid ounces (U.5.)

Fiuid ounces (U.5.)

Liquid pints {U.S.)

Liguid pints (US.)

Qaarts (US.)

Quarts (US.}

Gallens{USs) .......-. .-
Gallens{US) ...........
SQallans (US) ... ..., ...,
Gallons (LS}

Gaflons (U.K.)

Galions (UK.}

Cubic feet

Cubic yards

Acre-fest

Acre-feet

29,5737

0.473179
0.473166
"946.358
*0.946331
"3,785.43

Cubic centimeters
Milsiliters

Cubic decimeters
Liters

Cubic centimeters
Liters

Cubic centimeters
Cubic decimeters
Liters

Cubie meters
Cubic decimeters
Liters

Liters

Liters

Cubie meters
Liters
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