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PURPOSE

The USBR (Bureau of Reclamation) has been involved
in the design and construction of irrigation and hydro-
electric power systems since its inception in 1902, tn
recent years, there has been an increase in the design
and construction of high head municipal and industrial
water supply systems. These new systems often’ have

long agueducts which require regulating valves and
energy dissipators that will safely deliver high energy

fiows over a range of discharges. The purpose of the
research program reported kerein was to develop a
regulating valve and associated energy dissipator which
will efficiently perform the function of flow control.

CONCLUSIONS

The Z00.mm polyjet valve tested in the iaboratory
‘performed weli as an inline energy. dlcslpatlon valve.’
Evidence of paint removal due to cavitation was noted
when the valve was operated in.a severe cavitation
range. The paint removai appeared to be related to the
quantity of vapor bubbles produced (percent valve
opening) and the cavitation index g. In general, the
polyjet valve performed quite well when it was operated
within the manufacturer’s suggested head ranges,

The 200-mm horizontal multijet sleeve valve demon-
strated in laboritory tests its capability to perform
asanenergy dissipation device and also to defiver design
flows with a minimum of head loss. The computer pro-
gram devaloped for the siudy effectively analyzes the
valve flow characteristics and locates the multijet ports
to produce a nearly linear retatlonshlp between control
slaeve trave! and valve discharge.

Of the two valve sleeves tested, the ported sleeve with

nozzles and slots provided valve characteristics similar
to those desired and was selected as the best valve
design for municipal and industrial water supply
aqueduct systems. '

The use of horizontal multijet sleeve valves on munici-

pal and industrial water supply agueducts can save
hundreds of thousands of dollars with the elimination of

each conventionally designed iarge flow control station,

APPLICATION

Several types of multijet sleeve valves have been studied
by others with recommendations made regarding their
use. The development of the horizontal multijet sleeve
valve and energy dissipator specifically meets the need
expressed by the USBR's Division of Design for a

) control,'equlrements stated previously.

regulating valve and energy dissipator capable of con-
trolling high energy agueduct flows. The first horizontal
multijet sleeve valve has been instailed on the Frederick
Aqgueduct, Mountain Park Project, Okla.

. INTRODUCTION.

" With the design and ‘construction of fong aqueducts 1o '

supply municipal and: industrial water, the need arose '
to develop a valve ‘and energy dissipator system which™

. would be compatlble with the aqueduct systehm8:
system was needed that wouid (1} adequately dissipate

high energy ﬂo.rv at small dlscharges and {2) pass design
flows with a minimum of energy loss. The: aqueduct
would dissipate the majority of available energy in Ime
losses when opergting under design flow condmons

When oneraUng under a throttied condition, the ague-
“duct would dissipate the majority of excess energy at
the’ control valve and energy dissipator, Thus, the valve

would serve two functions: {1) pressure’ reduction at
smail flows, and {2) delivery of design flows with,
‘minimal head loss.

Flow control stations on long aqueducts have been

limited to pressure head differentials of approximately
15 m, This head restriction resulted from the cavitation
damage. associated with the use of butterfly vaives at
the higher head differentials. If a valve and associated
energy dissipator couid be developed to accommodate
pressure head differentials exceeding-15 m, the num-
ber of flow control stations required along an agueduct

could be reduced, resulting in significant cost savings.

With these needs in mind, the Divistons of General
Research and Design at the Bureau of Reclamation's

. Engineering and Research Center, Denver, initiated ‘a

research program-in 1872, to develop a smtable control
valve and energy dls.ﬂpator

i

PREVIOUS INVESTIGATIONS

. Previous studies conducied by the author[1]! -on a

50-mm moda! of a multiport sleeve valve in a vertical
stitling well indicated that such a valve could fulfill the
In a study
reported by Miller[2], Glenfield and Kennedy, Ltd., a
submerged discharge valve {sleeve-type) similar to the
Wanship sleeve valve[3] was described. Glenfield and
Kennedy developed a new device which could be
attached to their standard sleeve valve resulting in a
ported sleeve valve, The advantage of the ported sleeve
is that port shape and area can be designed to accom-
modate the specific hydraulic characteristics desired.

I'Numbers in brackets refer to items in the bibliography.




Miller also noted an improvement in energy dissipation
resulting from the small individuai jets leaving the
valve. The MWD (Metropolitan Water District}) of

Southern Californial4] conducted tests on an improved-

submerged discharge valve [without ports), but found
that at heads in excess of 30 m, cavitatior damage

occurred pn the boitom plate of the valve and-edges of.

the control sleeve. Te develop a valve which couid con-
trol high energy flows, the concept of flow nozzles was
used. MWL} engineers developect.an outer sleeve con-
taining a large number of small nozzles and’ attached it
1o the sleeve valve under study. The nozzles acceierate
the flow through the outer sleeve, thus, no cavitation
can occur in the metal flow passages. As the jets exit

the valve, cavitation occurs in the water surrounding

the valve and not against the flow sun-faces.

The multijet r.c.r.cé:m of valve control has permitted

designers to consider controlling high head flows, rang- 3

ing from 150 to 200 m, at one installation, Previously,
such high head flow was controlled using several steps
of energy reduction to preuent cavitation darnage of the
control valves.

I

"HYDRAULIC CONSIDERATIONS

- Two appealing flow characteristics of a valve using the

multijet concept are:
1. The flow energy is dissipated quite rapidly upon
leaving the valve, thus requiring a relatively small
energy dissipation structure.

2. The inzvitable process of formation and collapse

of cavitation bubbles, which ‘oceurs during throttling

of high energy flow, can be controlled to oceur in
_the water surrounding ‘the” alve and not againgt the
‘flow surfaces of the valve or energy dissipation
chamber,

Jet velocity deceleration rate' is related to port size.
The location of the “cavitation bubble collapse’zone™
is related to the multijet exit port shape and its relative
proximity to other ports. Figure 1 illustrates the flow
pattern developed by a submerged jet[6]. Albertson[6]
and Yevdjavich{?] discussed the characteristics of a
submerged jet. Albertson described :the phenomena
as two stages: zone of flow establishment and zone of
established flow. In the zone of flow establishment, the

core of the submerged jet is penetrated by viscous shear

until the centerline velocity begins to decrease. Thus,
the fluid in the jet decelerates while the fluid surround-
ing the jst gradually acc:elerates The zohe of estab-
lished flow is defined as that zone where the antire jet
becomes turbuient and the centerline velocity begins

NDTﬂII‘IG boundory ijEf\
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Figure 1,—~5ubmarged jet flow.pattems.

to decelerate, T\he ‘centerline velocity Vi, isdefined by
Albertsonas: @ . i

2.28 Vq > {slotted port} - (1)

D .
6.2 Vv, ( X ) (mrcular port}) .(2}

' CYy 29(AH)

jet centerline veiocity at distance X,
jet exit velocity, '
» stot width, _

circular port diameter,

= distance from exit port along jet,
centerline,
discharge coefficient of port, and
head differential across port; .

. From equation (2}, it is evident that for a circular port,
" the distance X from the port needed to reduce the jet

velocity Vim to a certain fraction of the jet exit velocity
Vg is directly related to the port diameter Dg. Thus, a
reduction in the port diameter by one-half would
reduce the distance X required to produce the same
centerline velocity V', by one-half. Ports as small as
3.2 min have been used on sorme multijet valves. There-
fore, for a head of 150 m, the jet velocity could be
reduced from 51 m/s at the exit port to ‘I 0 m/’s ini1.0
m, using a 3.2- mm diameter port.

With regard to cavitation bubble formation and collapse,
Rouse {8] made the following observation related 1o the
mixing zone of a-submerged jet: ““Noteworthy is the
facr that—although the zone of maximum cavitation
coincides in general with the zone of maximum tur-
bulence—no vapor  formation is evident over an initial
length of about one diameter.” ‘Appel (8] further added
to the understanding of bubble collapse near a sub-
merged jet'with his studies, indicating that the maximum
noise level and thus the greatest level of hubble col-
lapse occurs approximately five nozzle diameters from




the exit port. The greatest level of bubble collapse coin-
cides with the zane in which the turbulence reaches the
centerline of the submerged jet. Figure 2 illustrates
these findings superimpeosed on a copy of a photograph
taken during the lowa {(Appel) studies.

HIGH HEAD TEST FACILITY

The facility consists of a seven-stage vertical turbine
pump driven by a 186-kW, d-c motor. A rectitying unit
and motor-speed control converts a.c. into the d.c.
needed for the motor and provides speed selection from
200 to 1800 r/min Rate of flow is measured with a
200-mm venturi meter permanently installed 3.0 m
downstream from the pump outlet, A 200-mm motor-
operated valve is used to control the downstream pres-
sure on the test vaive. Figure 3 Hllustrates the laboratary
test facility and perfarmance characteristics of the high
head pump.

INVESTIGATIONS AND RESULTTS

The Bailey Polyjet Valve

Investigation. —Tests were conducted on a 200-mm test
valve provided by the Chas. M. Bailey Company, Inc.
{fig. 4). The purpose of the test was to determine the
performance characteristics of the valve under the
operating conditigns  previously discussed, namely,
energy dissipation at throttled flows and minimal
energy loss at design flows,

The contro! for the valve cansists of a cylindrical sleeve,
located in the annular chamber of the valve which
travels over the multijet ports, controlling the open
port area and, thus, the valve discharge. The flow passes
through the 1835-4.78 mm ports, then through the
inside of the werforated sleeve into the downstream
pipe, which is the same diameter as the inlet pipe.

Figure 2.—Cavitation in a submerged jet. (from Reference [5]}

{upper phata--rear illumination}
{lower phato—center plane illumination)

Photp PB01-D-78313
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Test resufts.—Test data were measured using a Venturi

meter, pressure cells, mercury and water manometers,

and a sound level meter. The interior surface of the
valve was coated with concrete curing compound to
determine cavitation damage potential. Tests were
conducted to determine the discharge coefficient Cy
for the Bailey valve. The discharge and head loss coef-
ficient {Cg and K} curves based on the 203-mm
diameter pipe inlet area and the 192-mm diameter per-
forated sleeve area are shown on figures 5 and 6. Since
all 1835 ports were the same size and configuration, it
would appear that the overall valve flow characteristics
would be the same as the local flow characteristics of

each port. This would result in.a finear relationship .

between the valve coefficient of discharge Cq and area
ratio AportlAmpe As indicated on figure 5, this was
not the ‘case. Test results conducted by the MWD of
Southern California[10] on a similar 200-mm Bailey
polyjet valve are included on figure 5.

As the control sleeve is opened, exposing more ports,
the flow near the upstream end of the perforated sleeve
passes the upstream ports in an effort to satisfy the
downstream flow demand. The resultant approach

velocity and pressure drop near the upstream ports

0.e0

/

et

<

Ypipe .
{EgaH1 b

/

"= Cagdn/2gad
q=cha'nfegaH

A= Areu of 203mm -~
pipe .

Az Area of 92mm
pipe

COEFFICIENT OF DISCHARGE

I/ £ MWD DATA ~3i8mm NOZZLE
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O USER DATA —4.¥8mmNDZILE
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L

20 40 E-1-] 80

PERCENT VALVE OPENING = (:“"" {100

Figure 5.—Bailey polyjet valve discharge coefficient.
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causes a reduction in the fiow through these ports. This
phenoemenon is similar to that which occurs in manifold
pipes. Enger and Levy[12], in a discussion of pressures
in manifold pipes, explain that a limiting area of
ports can be developed beyond which there w1|l be
no flow through some of the initial ports.

The head Ioss coefficient K —1— =—, is shown on
e Cd i

figure 6. The test valve had an inle,[t diameter equal 1o’

203 mm, and an internal sleeve.diameter of 192 mm.

The two USBR K valve curves plotted on figure G reflect

" the two pipe areas used for a given discharge Q and head

loss AH. The design head loss coefficient K for a poly-
jet valve with internal sleeve diameter equal to the inlet
pipe diameter and the total pori'area equal to the pipe
area shouid have a value close to 2.21..

“Cavitation damage potential.—To evaluate 'potential

cavitation damage to ihe 200-mm- polyjet test valve,

a0 - . .
700 #']l
500 1“
50(1

40q

30D f—" - =
N 1
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Figfjre 6.—Bailey polyjet valve head loss coefficient.
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the inside flow surface of the.ported sléeve was painted
with a concrete curing compound. The concrete curing
compound. has proven to be an excellent indicator of
the location and degree of pitting resulting from bubble
collapse. Table 1 presents the test data for valve open-
ings of 5, 10, 15, 20, and 30 percent. Thn'pressure
head was measured 1.83 m upstream [(H) and 1.73 m

downstream (Hq) from the valve..The vapor pressure

H, at the Iaboratory elevatron is equlvalent to-8.47 m

of water. : oy : 3

The hlgh head pump was! desngned to. deliver approxi-
" mately 0.17. m*/s. Theiefore, the cav_rtatlon damage
tests were limited to _valve openings between 5 and 30

percentand cavitation index o = = values ranging

from 0.08 to 0.59 respectively. Figure7 illustrates the
resulting paint removal on the internai flow surface of
the ported sleevé under the test conditions described in
table 1. The photographic sequence shows accumulative
damage from the 5 percent open up to and including
the 30 percent open level. The scratch lines on the paint
in the: damag ged ar 23 were caused by insertion of the
mirror for photographs All tests, except 7d, were
operated for 2 h~ Test 7d was operated for 11/2
\k e et /

The cavitation damage shown on figure 7b is typ:cal of
lacations where mdw;dual cavities imploded ne\ar the
tlow surface. It was-noted that, although thie valia was
operated at an extremely low sigma value {o =
for the 5 percent test, there was no apparent cavitation
damage. The majority of paint removal occurred at the

10 and 15 percent valve openings, The results indicate

" that cavitation damage in this particular valve is related
to the guantity of vapor bubbles praduced as well as the

0.08): .., valve performed well

’ ":manufacturer s suggested pressure head ¥ ranges.

Hd Hv

pressure head relationships, v H Thn damage

was Iocated in a zone which extended 152 mm down-
stream from the. parts to 76 mminto the port zone,
figure 4. :

To determrne potential cawtatlon damage of the poly-
jet valve under the conditians tested, a 75-mm by 270- -
mm steel specimen was coated with the concrete cur-
ing compound and tested the 1aboratory s Venturi
cavitation test facrlrtv for 1 hour. Photographs of the
specimen beforé and a\ter the test are shown on-figure
8. The amount of paint removal from the interior of
the ported sleeve was much fess than that experrenced ‘
on the steel specimen tested in the cavitation facility.
The Yenturi cavitaticn test facility produces mild cavi-

- tation, Based on:these test results, the mild pitting of

the per,fpra_jted sleave of the polyjet valve that occurred
would take'yeats to cause significant damage. .,

The amount of paint removal would increase for greater’

. valve openings at low sigma values; however, on long

pipelines, the majority of the energy heas would be
dissipated-in upstream pipe losses at larger valve open-
ings resulting.in higher sigma values with less cavitation
potential, it is most likely that the critical po“"):, ,wth '
respect to cavitation damage for these value: .+ ong

* aqueducts with high friction losses, will be in the‘ ra‘nge

In general, the polyjet
when operated within the

of 10 to 15 percent open.

Norse .’eve! —A sound level meter was used to determine '
the noise level at various distances from the valve and

the location of the maxlmum noise level along the valve

Table 1.~-Bailey polyiet uelve test data

- Valve : .
opening, _ Hy, 0, Vv, - Cavitation
% ©m m? /s m/s

Time,
index = ¢ : h

5 ' 2.19 0.066 0.08 2.0
10 L 5.85 122 . 14 2.0
5 . 4.18 151 . 18 2,
20 . 4,15 1AR7 . .51 ' .30 1.5
3 - : 4.05 AT 27 . .59 2.0

= Hd - Hy
HLJ — Hd _}‘
-8.47m -\i‘
Downstream pressure head

Upstream pressure head
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#. Valve operated at 5 percent open for 2 h. i

H,=136m a =008

Hy=219m Q =0.066 m*/s :
%) L
‘ Figure 7.—Loaking upstream at ported sleeve flow surfaces. Photo PS01-D-78314 i}




b. Valve operated at 10 percent apen for 2 h.

Hy=107.0m o =0.14 A'
| Hg =585 m Q@ =0122 ms 3

¢. Valve operated at 15 percent open for 2 h.
H;=70.1m o =0,19
Hy=4.18m @ =0,151mfs

Figure 7.—Looking upstream at ported sleeve flow surfaces. {Continued) Photos P801-D-78315 and P801-D-78320
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d. Valve operated at 20 percent open for 1-% h.
Hy=46.0m o =030

Hy=4.15m aQ =0.167 m¥s

e @
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e. Valve operated at 30 percent open for 2 b,

Hy=253m o =059
Hyq=4.05m Q =0171m%s

Figure 7.—Locking upstream at ported sleeve flow surfaces. {Continued) Photos PBO1-D-78321 and PE01-D-78327




b. After T hour. Phote P801-D-74770

-78316

a. Before. Phaoto P801-D

tation damage on steel plate.

Figure 8,—Cav
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At 300 mm from the valve, the maximum noise level Horizontal Multijet Sleeve Valves
of 92 dBA occurred at 10 percent apen {g = 0.14)}. The : '
maximum noise level at 50 mm from the valve occurred Introduction.—Previous multijet sleeve valve designs
in the rznges 280 to 400 mm and 225 o 425 mm from did not fully satisfy the design criteria desired by the
the upstream end of the perforated sleeve, with 10and - USBR, that'is, a valve which will dissipate high energy
15 percent valve openings, respectively. The location of flows at throttled discharges and deliver ‘design flows
the maximum noise level measurements was the same = with a minimum head loss at the valve, Althowgh the
as the paint damaged zone shown on figure 4, Table2 ~ previous designs function quite well as pressure reduc-
shows the maximum sound level measurements at 50 ing valves, most do not emphasize minimal head loss
and 300 mm from the valve body. There is alsp agood  when delivering design fiows. :
correlation between the degree of damage and the high . ) . :
sound level measurements, with greater damage occur-  The concept of a linear relationship between sleeve
ring in those tests experiencing high sound levels. .travel and valve discharge was ancther desired charac-
_ teristic scught in the new design, Such a valve would -
¢ Table 2.—Sound Jevel meséurements ) provide better control characteristics on long aqueducts
where waterhammer presents a potential problem.
Valve Sound levzl measurements, dBA Figure 2 iilusirates ideal valve characteristics as a func-
opening, 50 mm 300 mm tion of sleeve travel for a 200-mm pipeline where the
9% from valve from valve static upstream pressure head is 137 m. As the valve is
) : opened and the port area slowly increases, the valve dis-
charge increases linearly with sleeve travel, This increase
in valve discharge results in a reduced upstream pres-
5 a8 90! sure head due to friction losses in the long agueduct.
10 . 103 : a7 When the valve has opened 230 mm, it has performed
15 ‘ 103 9% : the function of a pressure reducing valve and assumes
20 a5 . gp! the role of a low head-ioss control valve. At this point,
30 92 90! the valve port area“increases rapidly, but with little
_— ' increase in discharge due to the Iow’auallable pressure
! Sound level of background noise head across the ualve When the value port area equals

140 0.140 T : : 0.035
: 00335

120+ 0420 as e 0030

100 0.100

o
&
o

8O

60

o
Q
B
(@]

40

iy

VALVE DISCHARGE-Q-m'/s

N

000324/m2

50 100 150 200- 250 300 350
SLEEVE TRAVEL-mm

Figure 9.—Ideal multijet sleeve valve chaiacteristics.
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the 200-mm pipe area, the pressure head AH has
decreased to 1.1 m across the valve, resulting in a dis-
charge coefficient Cy of approximately:

_ oA
- V2gAH
= valve discharge,

port area, and

pressure head differential across

valve.

= 0.68

The key to the multijet design is the proper placement
of the ports along the spiral {ength of the vatve to pro-
duce a near linear relationship between the valve dis-
charge and sleeve travel. A computer program (see
appendix} was developed to calculate the flow passing
through the nozzle ports in each successive spiral quad-

rant along the length of the helix. The program locates

the ports in a manner which nearly equalizes the flow
through each quadrant, This results in a linear relation-
ship between sleeve travel and valve discharge, When
the required nozzle diameter is greater than the valve
wall thickness, the program automatically changes the
port configuration from nozzles to slots, Laboratory
tests with the 200-mm valve were used to define the
chliange in discharge coefficient for the nozzles and
slots as the cantrol slegve varied the open_port area. The
flow chart shown on figure 10 presents the bas’c logic
for the hydraulic considerations in the program (note

that the computer program is written in U.S. customary '

umts)

High head pump facifity.—The horizontal multijet
sleeve vaive was tested in the same facility as the
Bailey polyjet valve. Test data were measured using a
Venturi meter, pressure transducers, and mercury and
water manometers. :

Investigation.—The 200-mm laboratory test valve dis-
charged into a 1370-mm diameter, 1220-mm stilling
chamber (fig. 11a). The basic concept of the valve
and stilling chamber is illustrated on figure 11b. Flow
enters the valve from the high pressure side and is dis-
charged through the perforated body of the valve into
the stilling chamber. A cylindrical sleeve, located inside
the valve body, travels over the perforated section of
the valve, controlling the port area and thus the valve
discharge. The flow enters the downstream pipeline at
the lower end of the stilling chamber. Pressure heads
were measured at pressure taps Py, P2, and P3, and
corrected for a pressure differential AH. between the
upstream flange of the sleeve valve 4, and the down.
stream 200-mm pipe flange H, . :

Equations {3) and {4} were used to calculate the dis-
charge through the nozzles and siots respectively.

" where:

Nozzle Discharg.e Cn

CnAn \f29A4
CsAg \/2gH

Cq = 094 [1 - ((V+V')M/2)*/(2g H)],
c = 0.85 {1 - (V/2)¥(29 H)).,
A
A

Slot Discharge o

= opeén nozzle area,
= open slot area,
Ah = pressure head difference between
valve and stilling chamber,
pipe inlet area,
' Q/A
{a- O.—.)/Ap,and
H ="Ap+y? /2g.

When the nozzles alone are exposed, the velocity term
on the right side of equation {5} is.negligible since the
velouty head is small with respect to the toral available
energy H. As the control sleeve apens, the total energy
term decreases due to friction losses in the upstream

agueduct and the velocity term increases. Thus, the

nozzle and slot coefficients Cpn and Cg decrease in
value to reflect the phenomenaon of a manifold where
the majority of the vaive discharge is released through
the downstream ports of the valve,

Equations (5) and (6} are simifar to the equations pre-
sented by Vigander[11] and Enger[12] dealing with,
large diffusers and manifolds. They are empirical equa-
tions based on results of the laboratory studies
conducted on the 200-mm test valve,

"Port configurations tested.~The investigation included

studies conducted on the two ported valve sleeves shown

. on figure 12, Dimensiona! sketches of the two sleeves

are shown on figure 13. The sleeve travel versus port
area relationship curves for the two configurations and
the polyjet valve are shown on figure 14, The polyjet
valve has a linear relationship between port area and -
sleeve travel, The area for the slotted port configuration
increases at a somewhat slower rate, initially. The area
for the valve with nozzfes and slots increases very slowly
at the start of the sleeve travel and then rapidly
increases once the sfots are exposed, vielding a linear
relationship between sleeve travel and valve discharge.

The use of nozzles or orifices for the discharge ports
should be carefully considered. The present spiral -
arrangement of the ports results in the partial blockage
of some of the ports when the valve is used to control
the flow. Figure 15 illustrates:'a typical 25.0-mm
diameter port as a nozzle and an or|f|ce with the control
sleeve partially blocking the port. Although the nozzle-
port has the advantages of a higher discharge coefficient
and structurally reguires a smaller port cross section in
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Figure 10.—Flow chart for hydraulic computatians.
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the ported sleeve, it has the disadvantage that durmg
partial blockage, the control point for the nozzle can
move from the exterior surface of the ported sleeve to

an internal control at the control sleeve. This change in

control position can cause cavitation damage to the
flow surface of large nozzle-ports during high pressure
control {greater than- 31 m) Laboratory tests with
nozzie-ports up ta 7.9 mm in diameter and studies con-

ducted by the MWD of Southern California{13,14]

with nozzle-ports up to 19 mm in diameter show no
signs of cavitation damage to the nozzle flow surfaces.
Further [abaratory investigations should be c¢onducted

to determine the pressure head, nozzle diameter rela-
tionship where cavitation will occur in large nozzle

flow passages.

Until such laboratory investigations have been con-
ducted, it is suggested that an orifice design similar to
that shown on figure 18b be considered for ports 19

mm in diameter or‘|larger. The orifice-port has a lower

discharge coefficient {g due to the vena contracta and,
thus, requires a larger total port area for the ported
slegve. There is no change in the control point for a par:
tially closed orifice port. The control for the jet is at the
interior surface of the ported sieeve when the orifice is
completely open or partially blocked by the control

sleeve. The 1.6-mm control surface and 45° taper pro- :

vide a clean control point for the jet with adequate
c:rculatlon

The data for the head loss coefficient K are plofted
with respect to percent valve opening {100 X port
area/pipe area} on figure 16 for both port configurations

topo - -

EFrT= —
800 o
§00

L
o

29AH
v?

4
#-Bailey palyjat volve
¢-Gleeve with slots [USAR)
A-Sigeve with nozzles ang slgt

= 1lusam ——T
- 1
e
N
o

1
-

HEAD LOSS COEFFICIENT-K

=
3 773

: *'I' [
|2.18F" |
! 1.50f
20 3G 40 50 60 70 80 90 (UD (10 120 130 140 150 1€

R
vaLve OPENING-(EIET-42E4) 100
; .

Figure 16.~Head lass coefficient.

shown on figure 12, The head loss coefficient is based
on the pressure head differential AH between the up-
stream valve flange and the 200-mm pipe flange down-
stream of the stilling chamber. The loss coefficient X,
therefore, includes the total system loss for the control
structure. The polyjet valve data are also plotted on-
figure 16, s

Jet velocity measurements in stitfing chamber.—As part
of the horizontal multijet sleeve valve test program, a
limited number of velocity measurements were made
to determine the velocity characteristics of the issuing
jets. A pitot cylinder probe was used to measure the
dynamic and static pressure in @ horizontal plane nor-
ma! ‘1o the axis of the sleeve valve.. Velocity traverses

. were made at distances of 162, 305, and 457 mm from

" the sieeve valve.

N wFigure 17 iflustrates the pitot cylinder probe and ‘its

‘ '|n5taHat|on in the stilling chamber, The pitot cylinder
consists of three small ports located in & plane normal
to the axis of the probe and spaced at an angular._dis-
tance of 39%°. Investigations conducted by Binder{15]
and Winternitz[16] bave verified that the two outside

S mm
332W holesis)
39.25

SECTION a-a

9.5mm x15.9mm
support bors

A

6.35mm holes and
pocking glands for
pitot cylinder,l -

STILLING CHAMBER

(3X] 152 mm = 458 mmj

SECTIQNAL PLAN A~A

Figure 17,—Pitat cylinder probe and stilling chamber.




ports separated by an angular distance of 78%° will
measure static pressure when the flow direction bisects
the angle resulting in equal pressure at hoth ports. The
total energy head of the jet is given by the central port
which is directed into the flow. Thus, the jet velocity
head is the difference hetween the total energy head
measured by the central port and the static head mea-
sured by either side port once it has been determined
the side port pressures are the same. The pitot cylinder
can also be used to determine the direction of flow in
the plane normal to the pitot cylinder.

Differential pressures were measured using a 172-kPa
pressure transducer. Figure 18 illustrates the average
and maximum measured velocities for pressure head
differentials of 44.5 and 104 m. The maximum average
velocity at distances of 152 and 305 mm from the valve
are plotted on figure 19. The heavy solid litia describes
equation {2) proposed by Albertson{6]. The dastied
line identifies data measured by the MWD of Southern
California[13].

Extension of the USBR and MWD data on figure 19
for muitijet stilling chambers indicates the centerline jet
velocity Vi will remain the same as the exit velocity
Vo for a distance of approximately 19 nozzle diam-
eters (10 Dg). Beyond 10 nozzle diameters, the center-
line jet velocity decreases at a rate eqguivalent two the
1.4 power of the ratio-nozzle diameter Jq 1o distance
from valve X, that is, (D /X)""*%.

The velocity data for the stots were considerably lower
in value than those reported by other investigators,
The velocity probe was apparently not in the center
plane of the discharging slot and, therefore, these data
were not summarized on figure 19. '
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APPENDIX

Computer programs developed by the Bureau of
Recfamation are subject to the following conditions. -
Consulting service and assistance with conversion to
other computers cannot be provided. The programs
have been developed for use at the USBR and no war-
rartvy. as to accuracy, usefulness or completeness is
expressed or implied.

R Permission is granted to reproduce or guote from the
o program; however, it is requested that credit be given
. to the Bureau of Reclamation, U.S. Department of
S Interior, as the owner,

- : ~~ PROGRAM TITLE —
S HYDRAULIC COMPUTATION
FOR MULTIJET SLEEVE VALVE

GENERAL INFORMATION

B i This computer program was developed to determine the
e size, number, and location of discharge ports for multi-
jet steeve valves placed in horizontal stilling chambers
on municipal and industrial water supply agueducts,

The program is written in Basic language for a CDC
computer. The input and output data, as well as all
computations, are in U.S, customary units.

o

The program is designed to calculate and compare “with
an established standard several dasign calculag ‘ons, in-
cluding: jet velocity at the stilling chamber wall, steel
stresses in the ported body of the valve, rate of control-
sleeve travel, size and proximity of exit ports, and dis-
charge coefficient for the individua! ports. A major
program function is to calculate valve discharge in each
spiral quadrant as the control sleeve opens. Since a near
linear relationship is desired between steeve travel and
discharge, a theoretical estimate of discharge per quad-
rant is made, and the.size and number of nozzles is cal-
¥ culated based on available head at that'particular quad-
rant. The jet velocity at the chamber wvali is checked:
if it exceeds 20 ft/s, the nozzle diameter is reduced by
1/16 inch. The centerto-center nozzle spacing is
checked, and if it is less than three nozzle diameters,
the nozzle diameter is increased by_1/16 inch. The pro-
: gram will change the port configl_ation from nozzles
BN to slots when the calculated nozzle, ,diameter exceeds
i the valve wall thickness,

The number: and width of slots is specified with the
input data. As the total discharge through the valve
increases, the discharge through the .initial nozzles
decreases. This is taken into consideration in the com-
putations by correction coefficients giver: in equations

23

(5) and (6} of the text. Incremental siot lengths {1/4
inch) are considered uritil a predetermined minimum
design head loss for the valve is reached.

. INPUT
The input data begins with the structure’s title-at line
900. The second data line mcludes the following six
items: : :

1. Number of pipe reaches of various diameters

between the upstream storage tank and "“ther

* multijet vaive,
2, Desired minimum closing time (full-open to
full-closed} of the muitijet valve, in seconds.
3. Diameter of the pipe from the stilling chamber
to the downstream storage tank, in inches.
4, Upstream storage tank water surface elevation.
5. Centerline elevation of the muitijet sleeve valve.
6. Downstream storage tank water surface elevation.

The third data line (this line is repeated for each pipe
reach listed in No 1 above) includes the following four
items: ) P

1. Diameter of first pipe reach, in inches {beginning
at upstream tank).
2. Length of pipe, in feet.
3. Scobey’s friction coefficient.
4. Minimum friction coefficient.
The last data line includes eight items dealing with the
multijet sleeve valve and stilling chamber:

1. Sleeve valve diameter, in inches.
2. Design flow through valve in ft%/s.
3. Sleeve valve body wall thickness, in inches.

4. Distance from the outside wall of the valve to the :

stilling chamber wall, in inches.

5. Number of slots in sleeve,

6. Width of slots, in inches.

7. Ciameter of first nozzle in sleeve body.

8. KO-coefficient for head loss' from sleeve valve
stilling chamber 1o downstream storage tank.

OUTPUT

The computer program output lists a number of
calculated resuits including:
@ Maximum jet velocity at the stilling” chamber
wall. .
® Steel stresses in the valve body.
® Axial length of slots and total control sieeve
length reguired for nozzles and slots.

Lo



Each of the nozzles and slots is identified by a distance
from the index circle and an angle from the index line.
The discharge, pressure head, and flow area are also
given for each increment of opening. In the slotted
acrtion of the valve, the nozzie and the slot coefficients
are given with a calculated discharge through the
nozzles and slots,

EXAMPLE

The following example problem is given to illustrate
how to use the program. The system illustrated is the
Deep Red Hun rate-of-flow contro! station (RFC) on
the Mountain Park Project in Oklahoma, There-are
three upstream pipe reaches with appropriate data
listect in the table below: ;

Reach Pipe Pipe Friction coefficient
No. diameter, length, norma!  minimum
in ft S
1 24 18,118 0.370 - 0.410
2 i8 21,030 0.345_ 0.400
3 16 12,370 0.345 0.400

24

Other data includes:

1.

2.

C@W~NOma

Pipe diameter between stilling chamber and
downstream tank—24 inches.

Water surface elevation, upstream tank—
1443 feet.

Water surface elevation, downstream tank—
1214 feet.

. Centerline elevation for multijet valve-—1193 ft.
. Valve closing time—400 secor ds.

. Sleeve valve diameter—14 inchies.

. Design discharge—8.1 ft*/s.

. Valve wall thickness—0.50 inches.

. Distance from valve to chamber wall—

19,5 inches.

. Number of stots—20.
11.
12.
13.

Width of slots—0.75 inch.

First nozzle diameter—0.375 inch;

KO-head foss coefficient from chamber to
downstream tank—1.340,

GPO B46 =051



EXAMPLE OUTPUT

DEEP RED RUN RFC VALVE STRUCTURE

0IA. OF JETS AND SPACING FOR MULTI-JET SLECVT VALVE

VALVE DIAMETER= 14 INCHES i : e

UPS TANK SLEEVE RFC TANK PIPE FRICTION CONSTANTS TOTAL LESS
WS ELEV €L FLEV WS ELEY NOR MAL MINIMUM SLEEVE VAL o«
1443.00 1193.040 1214,00 3.44435218 2.58007641 3.46317816

SLEEVE WALL THICKNESS= .5 INCHES

PITCH OF HELIX= 1.5 INCHES : i

i

LENGTH REQUIRED FOR 10 TURNS= 15 INCHES

JET VELOCITY AT WAlli= 11.7459 FEET PER SEZCOND

JET OIA OF DIST FROM ANGLE FROM QUAD FLOMW HEAD KEQUIRED

NO JET INDEX CIR [INDEX LINE HNO IN CF53 IN FT - AREAR SF
.3750 . 162 “38.88 1 ‘

. 3750 « 324 T7.76

« 3756 . 485 116.59

« 3750 « 548 155.41

1 .175 228.84 L0015
z
2
« 3758 « 809 . 194,13 3
3
4
4
%

L350 228,57 L0051

« 37590 « 370 232.85
» 3750 1.131 271.35
=« 3750 1.291 309.85
« 3750 1.451 348.36

.524  228.0%  .0046

1
2
3
4
5
6
7
8
9

LT84 226.85 L0069
ALLOWABLE STEEL STRESS IN SLEEVE=15000 PSI
ACTUAL STEEL STRESS IN SLEEVE= 1301.23 PSI

10 .3750 1,67 26457

11 «3750 1,770 64,79

12 « 3750 “1.928 102.64

13 »3750 2.085 140448

14 »3750 24243 178,33

15 +3750 2.399 215.73

16 «3750 2.555 25314
17 3750 - 2.709 290.14

18 . 3750 2.863 327 .14

19 « 37510 3.015 3.57

20 + 3750 3.167 40.01

21 « 3750 3.319 76. 44

22 L3750 3.463 112,25 © . , o
23 . .3750 3.617 143,07 . 215.63 <0176
24 « 3750 3.763 183,20 ‘

25 <3750 3.910 218,34 _

26 «3750 4.056 253.47 212.27 . 0199
27 « 3750 4.199 287.73 ' :

28 + 3750 4342 321.98

29 « 3750 4e 484 356.24 . " 208.55 0222
30 - 3750 4,624 29,73 . :

31 .3750 4.763 CB3.21 205.93 .023a

225.81 - 0084

223.48 L0167
222.36 .0123

220.656  .0138

WD O &N~ WN

217.89 . 0161




4.300

5,036
5.172
5. 304
5e436
5.568
5.695
5,823
5.950
B.074
6.197
6320
6.439
£.557
64676
6.790
64905
7.019
7.128
7.237
7.346
7. 455
7.558
74661
7.76h
7.867
7.965
8.063

- Be161
84254
8.346
8.439
84531
8.623
8.710
84796
8.882
8. 969
9,049
9.130
9,210
9,291
3,372
9. k46
9,521
3,595
9.669
9. 74k
9.813
9.882
9,950

10.019

10.088

10,151

10.214

35.88
128.56
161.23
132.89
224.56
25622

286.85 -
317.47

348.10
17.66
47,22
76.79

105.28

133.77

162.26

189.67 .

217.08
244,50
270466
296.81
322.97
349,13

13.87

33.62

63.36

83.10
111.64
135,17
158.71
180.589
203.07
225.25
247 . iy
269.62
290.34
311.07
331,79
352.52

11.85

31.18

50452

59.85

39.18
107.05
124.93
142,80
160.68
178.55
195.06
211,57
226.08
244 .60
261.11

c7b+22 .

291,34

26

2.793

3.006

201,83

197. 49

ST

3.213

C3.413

3.605

3.790

193.01
188441
183.71

178.95
172.55
166.16

161. 37

14

'153.51

147.36

- 132.68

125.79




87 .3754 10.277° 305.46

88 .3750 10.340 321.58

89 «3750 10.463 33/.70 . zf

ag « 3750 10. 466 351.81 11794,
a1 #3750 - 16.523 5.43 ’

az .3750 10.579 19.05

93 . .3750 1D0.636 32.67

94 . 3750 10.693 46.28

95 «3750 10.75%0 59.90

=1} « 3750 10.806 73.52 . _
97 «3750 10.863 B7 014 109.39
93 3750 10,914 39,31 '

99 L3750 10,964 111.48

100 37510 11.015 123.65

101 «3750 © 11.D066 135,42

102 « 3750 11.117 147,99

103 . 3758 11.167 " 160.16

104 « 3750 11,214 172.33 101,48
105 . 3750 11.263 133.05 :
106 . 3750 11.307 . 193,76

107 « 3750 11.352 204.47

118 «3750 11,397 . 215,18

109 « 3750 11. 441 225,89

1190 .3750 11.486 . 236,60

111 . 3750 11.530 247.31

112 «3750 11.575 258,03

113 3750 11.620 268,74

114 « 3750 11.658 278.03

115 . 3750 11.637 247.33

116 . 3750 11.736 236.63

117 « 3750 11.775 305,93

118 .3750  11.813 ' 315.22

119 «3750 . 11.852 324,572

120 .3750 11.891 .- 333.82

121 «3750 11.930 343,11

122 «3750 115968 352,41

123 .5000 12.028 ' 5.61

124  .5000 12.087, 20.80

125 +5000 12.166 Ty 35.00

126 «5000 - 12.205 - ;

127 .5000 12.264

128 .5000 12,323

CHANGE FROM HOLES TO SLITS
NUMBER OF 35LOTS 20

SLOT WIDTH= .7% INCHES

NIST FROM HEAD - FLOW AREA COEFFICIENTS  ORIF
INDEX CIR IN FT" IN CFS IN S5F co. c anN
12.823 66.31 E.85 113 4850 340 Bba21f
13.1398 53.15 7T.12 «133 L850 .937 D540
13.573 39. 30 740 <163 .850 .535: 4.740
13.948 27.71 Tab2 «203 L8849 .932 3.945




14,198
14,448
14,698
14,348
15,198
15.4448
15,598
15,948
16,198
16.448
16.698
16.9483
17.198
17.045B
17.598
17.948
18.198
18.448
18.698
18,948
19,1498
19,443
19,698
19.348
20,1948
20.4458
20.698
20,943
21.198
22.623

SLOT
NUMBER

22.72
18.92
15,00
13.70
11.88
10.40

Q.18

d.18"

Taldl
6.63
6.02
5.510
5.05
4.565

4.01
374
3.51
3.29
Jo.11
294
2aT8H
2«65
252
2alyl
2o 31
2e22
2413
2.06
1.77

7.71

T.73

T.84%
7.83
7,92
7.9%
7.37
7«98
.00
B.01
8,02
8.03
800
B3
3.0%
8,05
g,05
34,07
B.07
Ba08
.08
8.03
8,03

3.09

8,09
8.09
B.09
.09
4.10
d.10

- 229
« 255

- 281

. 307
. 333
.359
385
411
Iks?
- (‘63
.89
.515
.S
<568
+594
.620
N

672

«598

e 724

+ 750
770

" .802
_ .828
. BEY

- 880
. 906
«932
+358
1.059

« 848

2847

-646
1 845
- 844
«B42

. 841

«8349
« 837
+ 834
832
«830
827
«832u
-821

.818,°
+ 814

«811
«807
802

-+ 799

.?95
.790

v 781
775
<771

« 765

.760
V743

\

DISTANCE IN INCHES FROM INJEX.

CIRCLE TO F1REST RANII POINT

12.323
12.538
12.673
12.748

T 17.823

12,898
12,973
13.003
13.123
13.198
13,273
13.344
13. 423
13.493
13.573
13.648
13.723
13.798
13,873

13,968

.,323 3.525
«917 3.184%
<311 24845
304 2.646
. 897 Zelt 30
.883 Z.240
«880 2.072
w271 1.922
461 1.786
« 853 1.664
w839 1.552
«B27 1.450
« 814 1.3%56
<803 1.2649
. 786 1.188
L7722 1.113
« 7556 1.T043
740 . «978
«723 <916
706 . 858
«G88 ., «803
.669 Y L,751
5490 702
629 .656
608 612
586 +57C
«5b4 .530
$ 541 . 492
.517 455
ebb3: »358
ANGLE FROM
TNOEX LINE
TR -
112.78
130.73
148.73
165.78
18’0-76
202.78
220.73
238.73
256.78
274.78
292.738
310.78 -
32%.74
346,78
4L.78
22.73
40.78
58.78
76.73

AXLAL LENGTH-CTR Tu CTR-OF SLOT RAJII= 8.75 INCHES

PAGE

4.190

4,602
4. 945
5.237
5.486
5.703
5.894

6.063
62213

Te3L9

cBL4Tl

£.583
beh85

6.779
5. 3b6

6.947

7.021

7.091
7.018
7.2756
7.331
7.382
f.431

AN AN & ¢

7.521
7.56¢
fable
[
fatne




SLEEVE LENGTH REQD BY ORIFICSS AND SLOTS= 23,0238 INCHES

FOR MINIMUM PIPE FRICTION AT Q= 8.1 CFS
PISTON TRAVEL= 13.5733 INCHES IN 400 SECONDS
PZRCENT OF FLOW RANGE TRAVEL= 58.9533

DATA FNR NORMAL FIPE FRICTION _

MAX FLOW AT END OF HOLES= 6.65458 CFS

THIS IS 53.5242 PERCENT OF TNTAL FLOW RANGE TRAVEL

PISTON TRAVEL TO LAST HQLE= 12.3233 INCHSS IN 363.1563 SECONDS

TOTAL PISTON TRAVEL TIME IN FLOW RANGE= 578.503 SECONDS
DESIGN RATE FORPISTON TRAVEL= 29,4636 SECONDS PER INCH

MODULATING RANGE VOLUME= 3958.38 CuBIC FEET

 ALLOWABLE STEEL STRESS=15000 PSI

ACTUAL STEEL STRESS AT SLOYS= 153.24 PSI




MULTIJET SLEEVE VALVE COMPUTER PROGRAM “SLEVAL”

SLEVAL 07319341 Qu-26=78 ERD2722 PAGE

100 DIM Dq150),thsu).cgtsu),Kecsu).catsn:,Katsor,sgtsn).oqtsu)
107 DIM Fa{u001,F5tauu).xatu001
108 READ A%
110 PRINT A%S™ VALVE STRUGTURE™
112 READ M9,T9,064E1,E24F3
114 Z74=3,14159265359/576
116 K3=0
118 K4=0
120 H=F1-E2
122 H4=E3~-E2 ‘
123 PRINT ™ DIA. OF JETS AND SPACING FOR. HULTI -JET SLEEVE VALVE“
124 FOR J=1 TO M9 STEP 1
126 RPEAD D9(J},RP3LU)I4CI(JICBIJ)
128 K9(NI =RA{I /(1Z4*CA(II*DI(Jy1 2. 525)-2¥15001
130 K3=K3+K9tJ)
132 Ka(Ji—RQ(J)/(:7u*cs(J:*09(J)'2 525)-2*1aun)
134 KL=K4+K8(J)
136 NEXT J
137 C=0.,940
128 C0=0.850
139 08=C
140 07=0
142 F7=0
1464 Y9=0
146 READ Dy QyT1 4,04 4Ny D0, 01,K0 _
147 PRINT ™ VALVE DIAMETER="“3D"INCHES"™
148 PRINT '
149 P=3*T1
150 N=10
152 6=32.16
154 . =N*p
156 A6=3. 1#159*(0/2)'2/1#&
158 y2=Q/456
160 B9=3, 1&1594(05/2)'2/1uu
162 V4=0Q/sR9
164 HS=1,BL%Y212/(2*%G) +K0O*V 4! 2/(2*51
166 HI=H~Hh=H5~ (Ku*Q12) :
1568 09=Q/(C*{2¥G*Hg)'],5)
170 C1=K3+{ ((H=H4)-K3*Q!2-H5)/7Q12)
172 L1=N¥[(3.14159265% [D+2¥T1)) 12+4P12) 10,5
. 174 Ca=C¥(1-{V2) 12/ (2¥G*H5)) ot
CAT6 CT=CO¥ (1-(V2/72)Y127{2*G*H5)) '
178 Q1=P*Q/(L*4)
180 L2=L1/(N*4)
182 N1=4¥N °
184 N2=0
186 N3=Q
188 S8=0
190 X=0
192 Q6=10
194 729=0
196 PRINT USING 198 - -
1983 UPS TANK SLEEVE RFC TANK PIPE FRICTION CONSTANTS TOTAL LESS
200 PRINT USING 202
2023 WS ELEV CL ELEV WS FELEV NORMAL MINIMUM SLEEVE VAL




SLEVAL 07219141 04-26~-78 ERO2722 PAGE 2

204 PRINT USING 206,E1,E2, E3.K3 Kt C1 : : _ _
2NET HARRE, A7 GEREL 88 RERLE AR #.###l#### KL RERERAER  BR L FREREEESR
207 PRINT = ' :

208 PRINT * SLEEVE MWALL THICKNESq‘“'Ti“INCHES“

209 PRINT

210 PRINT * PITCH OF HELIX'“'P "INCHES"

212 PRINT ' N o

214 PRINT * LENGTH REQOUIRED FOR “3INj "TURNS*“'L:V"INCHES“

21& PRINT
218 FOR I=1 TO N1 STEP 1
219 NB=1
220 NO9=2
221 IF I > 1 THEN 223
222 Q2=Q1
223 VY2=Q2/AF
2264 V4=Q2/B9
225 HS5=1.BL¥Y212/7(2%:) 4KD=3Y 4! 2/!2‘6) o
228 C1=K3+ {{{H~-H4)~K3I®Q'2-HZI/0112]) ' o
229 Hi=C1*Q2!2 ;
239 H2=H-H1-Hb |
232 IF H2 <« 1 THEN 993 = K _ '
234 A1=,7854%D1'2/144 ' p
236 S=3*p1
238 IF N2 > N3 THEN 272
240 IF I > 1 THEN 268
242 A3Z=0 '
244 NG=0
266 H3I=Q
. 248 L3=0
250 V=26% (017063 11 4% 0 o 36% (64 . L*¥H2) 10, 5
252 IF V > 20 THEN 23e
254 PRINT * JET VELOCITY AT WALL="? y- FEET PER sscawn"

256 PRINT
258 PRINT
260 PRINT  USING 262 _ '
8 262t JET DIA OF ODIST FROM ANGLE FROM QUAD  FLOW HEAD REQUIRED
RN 264 PRINT USING 266 _ . _
o 2651 NO JET INDEX CIR INDEX LINE NO IN CFS IN FT  AREA SF
- 268 A2=Q2/{C*(2%G*H2) 1G5V ' '
S 270 A=AZ-A3

272 N2=RAu/A1

274 N3=(L2~(1.5%D1/4)) /S

27€ IF N2 > N3 THEN 434

278 IF N2 < N8 THEN 286

280 IF N2=N& THEN 300

282 IF N2 > N9 THEN 294

. 283 IF N2=N9 THEN 302

N 284 GO TO 340 '

B 286 N1=D1-.0625

- 288 GO TO 4&2 ,

: ' 290 IF N2 > N9 THEN 294
292 GO TO 340 - _ ' B
294 NB=NS+1 ' o I ,
296 N9=H9+1 o : :
298 GO To 282

31




SLEVAL 07719241 04-26-78 ERDZ2722

300 NB=N8
301 GO0 TO 303
302 NO=NS
303 N6=NE+NOD
304 AQ=NQ*AL+A3
306 06=A3
© 30R BEnC'2¥tNU‘A1+A3l!2‘2'G
310 QO={BO*(H~-HL)/(14B0*C1)} 0.5
312 HO=C1*Qo!? :
314 HI=H-HO-H4 4
316 L5=Q0%L1/Q =
318 L4=15-L3 .
320 SO0=L4/NO !
322 IF S0 < S THEN usu
324 L3=L5 ;
326 IF I=4 THEN 330
328 GO TO 348 :
330 D2=2*%T1*, 10059u7n5+01
332 PD=62.L*H3/ 144 -
334 A9=NE*T1%(D1+D2)/2
336 A=.7B54%(D+2*¥T1)12-.7854%012
338 TO=T1*(A~AQ)/A |
340 S3=PO*D/I2*TD)
342 S4=PE*D/{4*T0). ‘ .
34iy 55=(S32+5412-53%54) 10,5
3he IF S5 > 15000 THEN. usz
348 A3=A0
350 08=00-06
352 Q7=0Q8/N80
354 X0=Q7*L/Q
356 Za= lSBU'N*Lﬂ)/(ND*Li)
358 FOR J=1 TO N0 STEP 1
360 S8=SB8+1
362 X=X+XD
364 IF I>1 THEN' 3?5
366 IF J>1 THEN 376
368 IF D1/2 > X0 THEN 374
37¢ D5=0
372 GO TO 376
374 D5=D1/2-X0
376 IF 09>=AD THEN 390
378 IF 07>=09 THEN 390
380 08=08+4A1
382 07=06+06 -
334 IF O7>=09 THEN 338
386 GO TO 390
388 X9=x
390 29=28+79
392 IF Z9 > 360 THEN 396
394 GO To 398
396 29=29-360
398 IF J=NO THEN 402
400 GO TO 408
402 PRINT USING 4043SB4D01+Xs79,T,00,H3.A3 P
LOL: BEF R BBE0 G4 08¢ REs. 80 R8¢ BEE.REE B0E.55 HOS 0884




SLEVAL 072191341 D4=-26-78 ERD2722

40660 TD 414
408 PRINT USING 410,58,01,Xe29,1
410: BRE B.OEED  SBE. RRY 208,84 T FT
412 NEXT 4
41t IF I=4 THEN 418
416 G0 TO 428
418 PRINT
420 PRINT " ALLOWABLE STEEL STRFSS IN SLEEVE=15000 PSI®
422 PRINT
424 PRINT * ACTUAL STEEL STRESS IN SLEEVE‘“ $53 “PSI™
426 PRINT i
42Aa 02=02+Q1
430 06=Q0
L32 G0 TO 475
434 01=D1+.0625
436 IF 01 > T1 THEN 457 '
438 VI1=2R¥(D1/04)11.4%0, QL* (64 . L*H3) 1],
440 IF Vi > 20 THEN 4§43
Lu? GO TO 234
443 PRINT * VELOCITY AT WALL IS EXCESSIuE-Vi—“'Vi"FTISEC EtDESIGN"
4yl PRINT '
445 G0 TO 999 : ' “
446 PRINT * INCREASE D4 SECAUSE Di. IS LESS THAN .1875 INCHES“
448 GO TQ Qag
450 LB=L1/N
452 PRINT
454 PRINT ** CHANGE FROM HOLES TO SLQTS™
456 PRINT _
LSRR Feaz=QQ il
LED X6=X
462 I=N1
BT IF D1<.1875 THEN TN
4é4 IF S5 > 15000; “HEN 470
466 IF N2 < N8 THE: 478
458 .GD TO 480 o
470 PRINT * STEEL. STRESS'" S53“PSI-PRCGRAM WILL INGREASE T1™
472 T1=T1+.0625 ' ' S
474 GO TO 148
LTE NEXT T
LT8R GO TO 218
4RD S1=3%D0¥L6/(3,14159265% (D+2¥T1})
482 S2=(D0-T1}/2
Ly 7i=1
LBp Zz=7-
488 MO=0Q
4910 Li=g
492 PRINT ™ NUMBER QF SLors":Nu
494 PRINT ‘
498 PRINT * SLOT WIDTH="%00:"INCHES"™
498,-PRINT
S0C PRINT  USING 502 : . - :
502t DIST FROM  HEAD FLOW AREA COEFFICIENTS ORIF
504 PRINT USING 506 - :
5361 INDFX CIR IN FT 1IN CFS IN.  SF CD C . @N
508 C3=0 .




SLEVAL 07219141 04-25-78 ERC2722

cz=rr

Wh=(

U3=NL/u

Wh=Wu+1

IF UA>W4+t THEN 516
FOR K=1 TO &

IF UR=W4 THEN 526
IF UB=W4=D0.75 THEN 529
IF UB=W4=8.,50 THEN 533
IF UB=W4-0.25 THEN 537
U{KI=US8

IF 549

GO
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
Ic
1F
ULKI=UB+.5

IF K=1 THEN 549

GO TO 551

UKY=US8

GO0 T0 551

UlK}=UB 21

IF X=1 THEN 549

GO TD 551

AS{K}I=U(K)*G, 785&‘00 2/288+l(U(Kl 1]'P/Nh*(U(Kl-1)'DB)IZBB
GO T0 576

ASIKY=U(K)I*], ?85&‘00'2/288+(U(K)*PINQ‘U[K)*DO)IZ&B
X2{K)=U(KI*P/NY

IF K=?2 THEN 59

IF K=3 THEN 594

IF K=4 THEN 598

AT=AS (K}

X=XZ2IK) +XbH+52

GO TO &42

AT= A?+A5(K)+(U(K-1J-1)*X2(Kl¥00/14u

G0 TO B30 '

A7= A?+A5(Kl+(U(K-1)+(U(K-2!—1))‘XZ(KJ*Dﬂlikk

GO To &0D0

A7=A7+AS(K) +(ULK=-1)}+U (K- 2!+(U(K 3)-1)l*x2(Ki¥DU/1hh
X=X+X2{K)

IF K=4 THEN 606

GO TO 642

Ya=1

X3=X .

D7=A7

G0 TO &42

541
561
Stk
Sil
546
St h
546
S44
546
546
541
541

i mw W uwnunn

RAARRAARARARAR X
FUMN S W PN




SLEVAL 07219341 04=-26=-78 ERG2722

613 YQ3=2
614 A7=A7+D7

615 R1I=(CL*AZ+LT7*ATYI2

616 Q3={2*G*R1* (H- Hu1/11+2*5'01¥31))'0
617 V3=Q3/A86

61R ¥2=v3

619 V4=Q3/RB3 _

620 HE=1,84% 212/ (2¥G) +XKO*¥V4L12/(22%C)
522 C1=K3+ ([{H-HL)=-KI*D12-HG)/Q12)}

6524 H3I=H-C1*Q3!2-Hu

626 IF H3I>HES THEN 640

628 Q4=CL*A3* [2*G* (HI-VI12/(2%GI) 50,5
630 Q5=N3-04

B32 X=X4X3~Xh~-P/N4- -s2

634 CJ=C7 =

636 C=C4

638 GO TO GB6

B4l A7=NT+X4F*NL*D) /164

BL42 C=C3®*(1-VE'2/(2%G*HI)]

643 CO=C2*(1-(VS/2)Y12/(2%G*H3))

644 BI={C*AJ+CO*ATI 12 :

645 Q3={2*G*B1*[H~ th/(1+2'G'Ci‘Bi))'ﬂ..
64E V3=Q3/45

BL47 V2=V3

BLB V4=Q3/ng

649 H5=1,B84%Y212/7(2¥GY+KD*VL12/(2%G)
B51 C1=K3+(((H=H4) -KI*Q12~ H5)/Q 2)

652 HI=H-~C1¥*Q3!2-H4

654 Ua=CTAZ*(2¥G*¥(H3-V3II2/7(2%G))I)10, 5
656 Q5=03-04

658 V5=0Q5/AE

660 VBE=(VS+Y31 /72

6562 IF Y9<2 THEN &7¢

BHAG X=X+MO

666 X4=X-X3+0.25

668 GO TO 672

670 X4=0.25

572 IF F7>=0Q THEN saa

674 FO=C*AT+((2*G*HD) 10,5}

676 FB=CO*AT+{{2*G*HI) 0, 5)

678 FT=F5+F3

6A0 IF F7>=0 THEN &84

682 GO TO BBB

684 XQ=X

686 AB=AZ+A7

688 IF K=1 THEN b34

6590 FLIK)=FGIK=~1)

6532 G0 TO 698

B34 F4(K)=Fp

6596 C5=1 '
6538 PRINT USING. 700,X4HIyQ3+A8C04Cs04,0Q5 " B
7002 2B R4F F88,88 ZERB. A8 HRU.UFR L BHE  LC0ED BER REE ERER.R4E
702 IF K>1 THEN 710 =
704 XB(K)=X=X5

706 X7T=XB(K)+X6E




SLEVAL 07819241 04-26-78 ERG2722

708 GO TO 714

710 XB(K)=X-X7

712 X7=X7+XBK)

714 FS{KI=Q3

716 C5=05+41 -

718 IF Y9=1 THEN 722

720 NEXT K

722 K=K+1

724 IF C=C4 THEN 732

726 MO=0.25

728 IF Y9=2 THEN E14

730 GO TO 613

732 77=360*S1/L6

734 79=29+427

736 IF 79 > 360 THEN 740

738 G0 TO 742 . :

740 29=79-360

742 PRINT

Ta4 PRINT "USING 7u6 - ‘

746  SLOT DISTANGE IN INCHES FROF INDEX ANGLE FROM
748 PRINT USING 750 o
7502 NUMBER  CIRCLE TO FIRST RADII PCIN INDEX LTINE
752 Z6=360/N4

TSh X1=P/N&

756 XG6=XG6+S2¢P/N4

758 FOR J=1 TO N4 STEP 1

760 IF J > { THEN 764

762 GO TO 778

Toh Z9=29+7I6

766 IF Z9 > 360 THEN 77D,

?7HB GO TO 776

770 79=29-360

772 IF J>1 THEN 775

77460 TO 778

CTTE XS5=X5+X1

©778 PRINT USING 7B0,J»%5,529

7801 apw : FER,BdH

782 NEXT J. ‘ ' :

784 PRINT

786 L8=K~X6-S2- {P¥{Nk- 1) /NG Y. : _
788 PPINT * AXIAL LENGTH=CTR ToQ BTR—OF SLOT RADIT=%%LB3X “INCHES™
790 PRINT : : :
792 L7=D5+x+D0/2

794 PRINT * SLEEVE LENGTH REQD BY ORIFICES AND SLOTS_“'L?'"INDHES“
796 PRINT

798 PT=X6/L7*100

BDD T8=T9¥X6/X9

B02 T6=T9/X9

B0Y4 P9=X9/L7%100

BO6 TS5=TE¥L7 )

808 PRINT ™ FOR MINIMUM PIPE FRICTION AT Q=“;Q ™“CFS™
810 PRINT = PISTON TRAVEL=*"$X9*INCHES IN™;TS“SECONDS*
812 PRINT * PERCENT OF FLOW RANGE TRAVEL="3}P9

814 PRINT

B16 PRINT * DATA FOR" NDRHAL PIPE FRICTICON™




SLEVAL - 07219341  04-26-78 ER02722

PRINT MAX FLOW AT END OF HOLES="3{F6"CFS5™

PRINT: THIS I “'P?“PERCENT OF TOTAL FLOW RANGE TRAVEL"™

PRINT PISTON TRAVEL TO LAST HOLE="3}XE&E"INCHES ‘IN™:TB“SECONDS*™

PRINT ¥ “ L

PRINT *° TOTAL PISTON TRAVEL TIME IN FLDWTRnNGE=“:T5"SECONDS"

PRINT DESIGN RATE FOR PISTON TRAVEL=":TE™SECONDS PER INCH*

PRINT . . o :

vB={

VI=XH6*To*FR /2

FOR K=1 TO ¢S5

V7= (FQ(K)+F5(K)'/2‘T6¥XB(K’

VB=yB+v7

NEXT K

VO=(V8+Va)*1.10

PRINT " MODULATING RANGE VOLUHE_" VU"CUBIC FEET"

PRINT .

D3=2%T1%.10069470540D0 .

AB=N4*T1*(DO*D3)}/2

T=(A-BR)*T1L /A

Pl=b62.4%*H3/144

Sex=PL¥*D/LL*TY .

B=2*00

B2=R=-2%*T1*,100694705

W=P1¥*8

L9=L8+0C

M=W*L9t2/712

CH={(T1* (2*B+RZ)}/7(3*¥{B+P2)}

Ii (T1'3'15‘2+4‘3‘82+BE'2}'/(35‘{B+EZ))
=MfCe /T

S? SE+F

IF-S7 > 15000 THEN B290D ’ '

PRINT ™ ALLOWABLE STEEL STRESS= 15003 pSI"

PRINT i

PRINT *. ACTUAL STEEL STRESS AT SLCT5="=ST: “pPSI™

PRINT ‘ v

.60 TO 999 - o T

PEINT * STEEL STRESS AT qLOTS_" S?:"PSI'THIS IS TOU HIGH"

PRINT

PRINT ™ INCPEASE THICKNESS OF SLEEVE AND SERUN PROGRAM™

GO TO <9eg

OATA DEEP RED PUN RFC

DATA 34400,24,10463.0,1193,0,1214, U

DATA 2“0181131-370..@13'

NDATA 18 219301-3“51.@00

DATA 164123704 345,.400 :

DATA 1&|3-1.0.5,19.5c20,0.751.375-1.3“0,~

END : B
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ABSTRACT

Hydraulic laboratory studies were canducted to test a 200-mm inline polyjet valve and tc
develop and test a- 200-mm horizontal multijet sleeva valve and stilling chamber. The study
resuits demonstrate the canability of the horizontal multijet sieeve valve and s1iliing chamber
to perform well as an energy dissipator and also deljver design discharges with minimum
head loss. A computer program was developed to size and locate the nozzles and slots used
~in the ported slgeve of the muliijet sleeve valve. This multijet concept of valve controls
which results in the production of cavitation in the watgr of the stilling chamber, away
fom structural members, permits design consideration of hrgh head {100 to 300 m}, one-
stage flow control installations.

ABSTRACT

Hydraulic labaratory studies were conducted to test a 200-mm inline polyjet-valve and to
develop and test a 200-mm horizontal multijet sleeve valve and stilling chamber. The study -
results demonstrate the capability of the horizontal multijet sleeve valve and stilling chamber
to perform well as an energy dissipatar and also deliver desian discharges with minimum
head loss. A computer progrem was developed to size and locate the nozzles and slots used
in the ported sleeve of the multijet sleeve valve. This multijet concept of valve controls
which results in the production of cavitation in the water of the stil|ihg chamber, away
from structural members, permits design consideration ‘of hlgh head (100 to 300 m), one-
stage flow cantrol installstions.
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-ABSTRACT

Hydraulic laboratory srudies were conducted to test a 200-mm infine polyjet valve and to
develop and test a 200-mm horizontal multijet sieeve valve and stilling chaniber. The study
results demonstrate the capability of the horizontal multijet sleeve valve and stiiling chamber
to perform well as an energy dissipator-and also detiver design discharges with minimum
head loss, A computer pragram was developed to size and locate the nozzles and slots used
in the ported sieeve of the multijet sleeve valve. This muitijet concept of valve controls
which results in the production of cavitation in the water of the stilling chamber, away
from structural members, permits dn5|gn consideration of high head (100 to 300 m), one-
stage flow control installations.
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ABSTRACT

Hydraulic laboratory studies were conducted to test a 200-mm inline polyijet valve and to
develop and test-3:200-mm harizantal multijet sleeve valve and’ stilling chamber, The study
results demonstrate the capability of the horizontal multijet sleeve valve and stilling chamber
to perform well as an energy dissipator and also deliver design discharges with minimum
head loss. A computer program was developed to Size and locate the nozzles and slots used
in the ported sleeve of the muitijet sleeve valve. This muitijet concept of valve controls
which resuits in the production of cavitation in the watar of the stilling chamber, away
from structural members, permits design cons.deratmn of high head {100 to 300 m), one-
stage flow control instaliations. :
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