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Previous studies conducted by the a u t h o r [ l l l  on  a 
The use o f  horizontal mult i jet sleeve valves on munici- 50.mm modal of a multipart sleeve valve in a vertical 
pal and water aqueducts can save stilling well indicated that such a valve could fu l f i l l  the 
hundreds of Ihousands o f  dollars wi th the eliminationof control.,7equirements stated previously, In a study 
eachconventionally designed large f low control station. 

' reporgd by Miller121, Glenfield and tennedy, Ltd,, a 
submerged discharge valve (sleeve-type) similar t o  the 

APPLICATION Wanship sleeve valve[31 was described. Glenfield and 
Kennedy developed a naw device which could be 
attached t o  their standard sleeve valve resulting in a 

Several types of multi iet sleeve valves have been studied 
ported valve, The advantage of the ported sleeve 

b y  others w i th  recommendations made regarding their is that port shape and area can be designed to accom. 
use. The development o f  the horizontal multijet sleeve modate fhe specific hydraulic characteristics desired, 
valve and energy dissipator specifically meets the need 

PURPOSE regulating valve and energy dissipator capable of con- 
trol l ing high energy aqueduct flows. The f irst horizontal 

The USBR (Bureau Of Reclamation) has been involved mult i jet sleeve valve has been instailedpn the Frederick . 
in the design and construction of irrigation and hydro- Aqueduct. Mountain Park Project, Okla. 
electric power systems since i t s  inception in 1902. I n  
recen: years, there has been an increase i n  the design 
and construction of high head municipal and industrial INTRODUCTION 
water supply systems. These new systems often have - 
long aqueducts which require regulating valves and With the design and construction o f  long aqueducts t o  
energy dirsipators thet wi l l  safely deliver high energy supply municipal and industrial water, the need arose 
f lowj 'over a range o f  discharges. The purpose o f  the t o  develop a valve'and energy dissipator system which: ... 

research program reported herein was t o  develop a would be compatible with the aqueduct sysrt'nir::.\, 
regulating valve an? associated energy dissipator which ' system was needed that wouid (1) adequately dissipate 
wi l l  efficiently perform the function o f  flow control. high energy fl0.m a t  small discharges, and (2) pass design 

flows wi th a minimum o f  energy loss. The aqueduct 
would dissipate the majority o f  available energy in line 

CONCLUSIONS losses when operating under design f low conditions. 
'When oneraling under a throttled condition, the aque- .yp; 

' 

~h~ 2 ~ 9 . ~ ~  pol,,jet ,.alvs :ested in the laboratory . duct would dissipate the majority of excess energy at . . performed weli as an inline energy dirgipation valve. fhe control valve and energy dissipator. Thus, the valve 

 id^^^^ of paint removal due to cavitation was noted would serve two  functions: (1) pressurereduction.at 
when the valve was operated i n  a severe cavitation small flows, and (2) delivery o f  design flows with, 

range. The paint removal appeared t o  be related t o  the minimal head loss. 

quantity of vapor bubbles produced (percent valve ~l~~ control stations on long aqueducts have been 
opening) and the cavitation index 0. In general, the limited to pressure-head differentials of approximately 
polvjntvalve performed quite well when if was operated 15 m.  hi^ hsad restriction resulted from the cavitation 
within the manufacturer's suggested head ranges. damage associated wi!h the use of butterf ly vaives at 

the higher head differentials. I f  a valve and associated 
The 200-mm horizontal multi jet sleeve valve demon- energy dissipater could be developed to accommodate 
strated i n  labordtory tests i t s  capability t o  perform pressure head differentials exceeding j5 m, the num. 
asanenergy dissipation device and also t o  deliver design of flow control required along an aqueduct 
flows with a minimum of head loss. The computer Pro- could be reduced, resulting in significant savings, 
gram devzloped for the siudy effectively analyzes the 
valve flow characteristics and locates the multi jet ports With these needs in mind, the Divisions of General 
t o  produce a nearly linear relationship between control Research and Design at the Bureau of~Reclamation,s 
sleeve travel and valve discharge. Engineering and Research Center. Denver, initiated a 

research program in 1 9 7 2 t o  developa suitable control 
Of the two valve sleeves tested, the ported sleeve wi th valve and energy dis5pator, 
nozzles and slots provided valve dharacteristics similar ,; 
t o  those des~red and was selected as the best valve 
design for mumc~pat and industr~al water supply 
aqueduct systems. 

PIlEVIOUS INVESTIGATIONS 



Miller also noted an improvement i n  energy dissipation ...-- ..--- 
resulting f rom the small individual jets leaving the 
valve. The MWD (Metropolitan Water District) o f  
Southern California[41 conducted tests o n  an improved i. -----  
submerged discharge valve [wi thout  ports), b u t  found 
that at heads i n  excess of .30 m, cavitatior. damage 
occurred on  the bor tom plate o f  the valve and;edges o f  r 2  y;z$ 
the control sleeve. T c  develop a valve which could con- 
trol high energy flows, the concept of f low nozzles was 'One 

used. MWD engineers developer! an outer sleeve con- 
taining a large number of small nozzles and'attached it o z 4 6 e , 10 12 14 16 18 

t o  the sleeve"~alve under study. The nozzles accelerate - 
D o :  , , 

the f low through the outer sleeve, thus, no  cavitation 
can occur i n  the metal flow passages. As the jet i  exit  Figure 1 .-Submerged jet flow wtterns. 

the valve, cavitation occurs i n  the water surrounding 
the valve and not  against the f low surfaces. t o  decelerate. The centerline velocity Vm isdefined by 

Albertson as: 
The mult i jet cljiiispi of valve control has permitted r 
des~gners t o  cons~der contro l l~ng high head flows, rang. 
Ins from 150 to 300 m. at one ~nstallation. Prevtouslv. Vm 1; 2.28 Vod+  (slotted port) (1 ) 

such h ~ g h  head flow was controlled using several steps 
of energy reduction t o  prevent cavttation damage of the Vm = 6 2 V ) c~rcu la r  o r  Q1 
control valves. Vo = C -  

where Vm = jet cen terhe  veioclty at distance X, 
HYDRAULIC CONSII~ERATIONS V, = iet exlt velocitv. - . . 

8, -- slot width, 
Two  ap~eal ing f low characteristics of a valve using the DO = circular por t  diameter. 
multi jet concept are: .X = distance from exit por t  along jet. 

centerline. 
1. The f low energy is dissipated quire rapidly upon C = discharge coeffizient o f  port, and 
leaving the valve, thus requiring a relatively small AH = heaa differential across port. 
energy dissipation structure. 

2. The inevitable process o f  formation and collapse 
of cavitation bubbles, which'occursduring thrott l ing 
o f  high energy flow, can be controlled t o  occur in 
the water surrounding th.ha!ve_and n o t  against the 
'f low surfaces of the valve or'energy dissipation 
chamber. 

Jet velocity deceleration r a t e  is related t o  p o ~  size. 
The location o f  the "cavitation bubble collapse zone" 
is related t o  the multi jet exit  por t  shape and its relative 
proximity t o  other ports. Figure 1 illustrates the f low 
Pattern developed by a submerged jet[51. Albertson[61 
and Yevdj$vich[71 discussed the characteristics o f  a 
submerged jet. Albertson described :the phenomena 
as two  stages: zone o f  f low establishment and zone o f  
established flow. In the zone o f  f low establishment, the 
coreof the submerged jet i s  penetrated b y  viscous shear 
unti l  the centerline velocity begins t o  decrease. Thus, 
the fluid in the jet decelerates while the f lu id surround- 
ing the jc-t gradually accelerates. The zoiie o f  estab- 
lished f low is defined as that zone where the entire jet 
becomes turbulent and the centerline velocity begins 

From equation (21, it isevident that for a circular port, 
the distance X from the port needed t o  reduce the jet 
velocity Vm t o  a certain fraction of the jet exit  velocity 
Vo i s  directly related t o  the port diameter Do. Thus, a 
reduction in the por t  diameter b y  one-half would 
reduce the distance X required t o  produce the same 
centerline velocity Vm b y  one-half. Ports as small as 
3.2 m in  have been used on some multi jet valves. There- 
fore, for a head o f  150 m, the jet velocity could be 
reduced f rom 51 m/s at the exit port, t o  1.0 m/s i n  1.0 
m, using a 3.2-mm diameter port. 

With regard t o  cavitation bubble formation and collapse, 
Rouse[81 made the following observation related t o  the 
mixing zone o f  asubmerged jet: "Noteworthy is the 
fact that-although the zone o f  maximum cavitation 
coincides in general with the zone o f  maximum tur-  
bulence-no vaporformation is evident over an initial 
length of about one diameter." Appel[91 further added 
t o  the undcrstanding o f  bubble collapse near a sub- 
merged jet with his studies, indicating that the maximum 
noise level and thus the greatest level o f  bubble col- 
lapse occurs approximately five, nozzle diameters from 



the ex i t  port.  The gleatest lcvel o f  bubble collapse coin- 
cides w i th  the zone in w1,icIi the turbulence reaches t l ie 
ccnterline o f  the su\xnerged jet. Fiyure 2 illustrates 
these findings sul~er~mr:osed on  a COPY o f  a photograph 
taken d t l ~ i n g  the Iowa (Appel) studies. 

The facility consists of a seven-stage vertical turbine 
pump driven b y  a 186.kW, d-c motor. A rect i fying uni t  
and motor-speed control converts a.c. in to  the d.c. 
needed for  the motor  and provicles swed selection f rom 
200 t o  1800 r /min Rate o f  f low i s  measured w i t h  a 
2 0 0 m m  venttlri meter permanently installctl 3.0 m 
downstream f rom the pump  outlet.  A 200-mm motor -  
operated valve is used t o  control the downstream pres. 
sureon the test valve. Figure 3 illustrates t l ie  laboratory 
test faci l i ty and performance c l i ~ ra~ te r i s t i c s  o f  the high 
head pump. 

The Bailey Polyjet Valve 

1nvest;gatiun.-Tests were conducted on  a 200-mm :cst 
valve provided b y  the  Chas. M. Bailey Company. Inc. 
(fig. 4). The  purpose o f  the test was t o  determine the 
performance characteristics o f  the valve under t l ie 
operating conditions previously discussed, namely. 
energy dissipation at thrott led flows and minimal 
energy loss at design flows. 

The control for t l ie valve consists o f  a cylindrical sleeve. 
located i n  the annular chamber o f  the vaivc which 
travels OVC! t i le lnult i jct  lports, controll ing the open 
por t  area and, thus, the valve discharge. The  f low passes 
through the 1835.4.78 m m  ports, then through the 
inside of the pcrforaterl sleeve in to  the downstream 
pipe, which is the same diameter as the i n l e l  pipe. 

Figure 2.-Cavitation in a submerged iet.  (from Reference 151 I 
(upper photo-rear iiiuminationl 
(lower photo-center plane illumination) 
Photo P801.0.78313 
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and a sound level meter. The interior surface o f  the pipes. Enger and L e v y [ l 2 l .  i n  a discussion o f  pressures 
valve was coated w i th  concrete curing compound t o  in manifold pipes, explain that a limiting area of 
determine cavitation damage potential. Tests were ports can be developed beyond which there wi l l  be 
conducted t o  determine the discharge coefficient Cd no f low through some o f  the initial ports. 
for the Bailev valve. The discharoe and head loss coef- " - ~~ 

ficient (Cd and K )  curves based on the 203.mm 2 4H 
diameter pipe inlet area and the 192-mm diameter per- 

The head loss coefficient K =L = -$, is shomn on v Z  CJ -" 
forated sleeve area are shown on figures 5 and 6. Since 

figure 6. The test va!:e had an inlet diameter equal t o '  
all 1835 ports were the same size and configuration, it 203 mm, and an internal sleevr.diameter o f  192 mm. 
would appear that the overall valve f low characteristics =- . 

The t w o  USBR Kvalve curves plotted on  figure 6 reflect 
would be the same as the local f low characteristics of 

the two pipe areas used for a given discharge 0 and head "' 

each port. This would result in a linear relationship 
-loss AH, The design head loss coefficient for a poly. 

between the valve coefficient of discharge Cd and area 
jet valve with internal,sleeve diameter equal to the inlet 

ratio Aport/Apipo As indicated on figure 5, this was 
pipe diameter and the total po r i  area equal t o  the pipe 

not  the case. T e d  results conducted by the MWD of area haves valueclose to 2.21. 
Southern CaliforniallOl on  a similar 200-mm Bailev 
polyjet valve are included on  f~gure  5. 

As the control sleeve is opened, exposing more ports. 
the f low near the upstream end of the perforated sleeve 
passes the upstream ports i n  an effort t o  satisfy the 
downstream .flow demand. The resultant approach 
velocity and Pressure drop near the upstream ports 

PERCENT VALYE OPENING: r )  11001 
P I P E  

Figure 5.-Bailey polyjet valve discharge coefficient. 

Cav~ ta t~on  damage potent1a1.-To evaluate potentla1 
cavltatlon damage t o  the 200.mm polyjet test valve, 

Figure 6.-Bailey polyjet valve head lass coefficient 
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the location and degree of ~ i t t i n g  resulting from bubble Stream ports 76 mm the port =one. 

collapse. Table 1 presents the test data for valve ooen- figure 4. 
!_1 . 

ings of 5, 10, 15, 20, and 30 percent. T l y  pressure . 
head was measured 1,83 upstream !H,) and TO determine potential cavitation damage o f  the poly- 

downstream ( H ~ )  from the valve. ~h~ vapor pressure jet valve under the conditions tested, a 75-mm b y  270- 

Hv at the laboratory elevation is equivalent to -8.47 m m  steel specimen was coated with the concrete cur- 

I of water. mg compound and tested ir:the laboratonj's Venturi  . . . ~  ~~ ~ 

cavitation test fac:!,ity for 1 h o k .  Photographs o f  the 

I The high head pump to.deliver al;proxi. specimen before and aiter the t e x  are shown o n  figure 
! 

mataly 0.13, ,,,3/s, Therefore, the cavitation damage 8. The amount of paint removal from the  interior o f  

tFSts were limited to valve openings between 5 and 3 0  the ported sleeve was much less than that experienced 
on the steel specimen tested i n  the cavitation facility. ..:, 

percent and cavitation index o =p values The Venturi cavitaticn test facil ity produces mi ld cavi. u -  H d  
from 0.08 t o  0.59 respectively. Figure-7 illustrates the  tation. Based on;these test results, the mi ld  pit t ing of 
resulting paint removal on the internai f low surface of the perfora~ed sleeve of ihepolyjet valve that occurred 
the ported sleev% under the test conditions described in would take' years t o  cause significant damage. ; 

table 1.The photographicsequence shows accilmulative ' I ,  

damage f rom the 5 percent open up  t o  and including Theamountof  paint removal would increase for greater 
the 30 percentopen level. The scratch lines on  the paint valve openings at low sigma values: however, on  long ,', - 

i n  the;u?&&$d area were caused b y  insertion of the pipelines, the majority o f t h e  energy . haa i i z~ou ld  be : 
mirror for  ph';vographs. A l l  tests, except 7d, were dissipated in upstream pipe losses at larger valve open- 
operated for 2 h$Test 7d  was operated for  1 %  h. ings result ingin higher sigma valuZs wi th less cavitation 

>L u,~.,;5.' &: ,-. ... potential. It is most l ikely that the critical ppir(j,'..>vith 
The cavitation damage shbwn on  figure 7b i s  typical o f  respect t o  cavitation damage for these v a l u t  ;.i 'on3 
locations where indi"idual cavities imploded n$r the . aqueducts w i th  high fr ict ion losses..vl!ill be i n  the rahge 
f low surface. It was noted that, although the valiawas of 10  to 15  percent open. In g&eral, the polyjet 
operated at an extremely low sigma value (o  = 0.08) ' :;: valve petformed well when operated within the 
for the 5 percent test, there was no apparent cavitation :manufacturer 's  suggested pressure head ranges. 
damage. The majority of paint removal occurred at the .'.. 

I 
: , 10 and 15 percent valve openings. The results indicate Noise1ev~l.-A sound level meter was used t o  determine 

that cavitation damage i n  this particular valve is related the noise level at various distances f rom the valve and 
t o the  quantity of vapor bubbles produced as well as the the ~ocat ibnof  the maximum noise leve! along the valve. 

Table 1 .-Ba~ley polyiet valve test data - 
Valve 

opening, Hu , Hd * 0. V. ' Cavitat~on Time, 
% m m m3 I s  m/s tndex = o h 

Hd = Downstream pressure head 

Hu = Upstream pressure head 



i a .  Valve operated at 5 porcent open for 2 h. 
Hu=136m o = 0.08 
Hd =2 .19m 0 = 0.066 m3/r 

Figure 7.-Looking upstream a f  ported sleeve flow surfaces. Photo P801-D-78314 



b. Valve operated at 10 percent open for 2 h. 
H~ = 107.0 rn o = 0.14 
Hd = 5.85 rn (1 = 0.122 m3/s 

- - - - - c _ ,  .--::---------/ - - _ - _-_--_ - - - 

C. Valve operated at 15 percent open for 2 h. 
Hu = 70.1 m o =0.19 
H d = 4 . 1 8 m  0 = 0.151 m'ls 

Figure 7.-Looking u?stream at Ported sleeve flow surfaces. IConrinuedl Photos P801.D-78315 and P801.D.78320 



d. Valve operated at 20 percent open for 1-z  h, 
H, = 46.0 rn o = 0.30 
Hd =4.15 rn Q = 0.167 m31r 

e. Valve operated a1 30 percent open for 2 h. 
H, = 25.3 m o = 0.59 
Hd = 4.05 m 0 = 0.1 71 m3/r 

Figure 7.-Looking upstream a1 ported sleeve flow surfaces. (Continued) Photos P801-0-78321 and P801-D-78322 
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a. Before. Photo P801-0-78316 b. After 1 hour. Photo P801-0.74770 

Figure 8.-Cavitation damage on steel plate. 



A t  300 m m  from the valve, the maximum nolse level 
of 92  dEA occurred at 10  percent open (a = 0.14). The 
maximum noise level at 5 0  m m  from the valve occurred 
in the rsnges 280 t o  400 m m  and 225 :o 425 m m  f rom 
the upstream end o f  the perforated sleeve, w i th  10  and 
15 percent valve openings, respectively. The location o f  
the maximum noise level measurements was the  same 
as the paint damaged zone shown on  figure 4. Table 2 
shows the maximum sound level measurements a t  5 0  
and 300 m m  f rom the  value body. There i s  also a good 
correlation between the degree o f  damage and the high 
sound level measurements, wi th greater damage occur- 
ring i n  those tests experiencing high sound levels. 

Table 2.-Sound level measurements 

Valve Sound lev21 measurements, dBA  
opening, 50 m m  300 m m  

% from valve f rom valve 

'Sound level of background noise 

Horizontal Mult i jet Sleeve Valves 

Introduction.-Previous multi jet sleeve valve designs 
d id no t  fu l ly  satisfy the design criteria desired b y  the 
USER, that is, a valve which wil l  dissipate high eneclly,, 
flows at thrott led discharges and deliver design flows 
wi th a minimum head loss a t  the valve. Althoegh the 
previous designs function quite well as pressure reduc- k** 
ing valves, most do no t  emphasize minimal head loss ruk 
when delivering design fiows. 

The concept o f  a linear relationship between sleeve 
travel and valve discharge was another desired charac- 
teristic sought i n  the new design. Such a valve would 
provide better control characteristics on  long aqueducts ', 

where waterhammer presents a potential problem. 
Figure 9 illustrates ideal valve characteristics as a func- 
t ion  of sleeve travel for a 20Omm pipeline where the 
static upstream pressure head is 137 m. As the valve is 
opened and the port area slowly increases, the valve dis. 
charge increases linearly w i th  sleeve travel. This increase 
in valve discharge results i n  a reduced upstream pres- 
sure head due t o  friction losses i n  the long aqueduct. 
When the valve has opened 230 mm, it has performed 
the function o f  a pressure reducing valve and assumes 
the role of a low head-loss control valve. A t  this point. 
the valve por t  areaZincreases rapidl~j,  bu t  w i th  litt le 
increase i n  discharge due  to the lovi'available pressure 
head across the valve. When the Val!,? port area equals ,: *.. 



the 200-mm pipe area, the pressure head AH has 
decreased t o  1.1 m across the valve, resulting i n  a dis- 
chargecoefficient Cd of approximately: 

c = -  $& = 0.68 

where: Q = valve discharge, 
A = port area, and 
A H  = pressure head differential across 

valve. 

The key t o  the multi jet design is the proper placement 
of the ports along the spiral length o f  the valve t o  pro- 
duce a near linear relationship between the valve dis- 
charge and sleeve travel. A computer program (see 
appeodix) was developed t o  calculate the f low 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 f low 
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 t o  slots. Laboratory 
tests w i th  the 200.mm valve were used t o  define the 
change in discharge coefficient for the nozzles and 
slots as thecontrol sle~ve varied the  open.port area. The 
f low chart shown on  figure 1 0  presents the basjc logic 
for the hydraulic considerations i n  the program (note 
that the computer program is writ ten in US. customary 
units). 

High head pump facility.-The horizontal multi jet 
sleeve valve was tested i n  the same facility as the 
Ba~ley polyjet valve. Test data were measured using a 
Venturi meter, pressure transducers, and mercury and 
water manometers. 

1nvestigafion.-The 2 0 0 m m  laboratory test valve dis- 
charged into a 1370-mm diameter, 1 2 2 0 m m  stilling 
chamber (fig. l l a ) .  The basic concept o f  the valve 
and stilling chamber is illustrated on  figure 1 l b .  Flow 
enters the valve f rom 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 o f  
the valve, controll ing the por t  area and thus the valve 
discharge. The f low enters the downstream pipeline a t  
the lower end o f  the stilling chamber. Pressure heads 
were measured at pressure taps P , ,  P,, and P3, and 
corrected for a pressure differential AH between the 
upstream flange of the sleeve valve H, and the down. 
stream 200-mm pipe flange H2. 

Equations (3) and (4) were used t o  calculate the dis- 
charge through the nozzles and slots respectively. 

Nozzle Discharge = Qn = CnAn 6 
Slot Discharge = 0, = CsAs d2g~ 

where: Cn = 0.94 11 - ( ( ~ t V ' ) / 2 ) ~ / ( 2 g  H ) ]  , 
Co = 0.85 11 - (V'/2)2/(2g H ) ]  . 
A n  = open nozzle area. 
A S  = open slot area, 
LVI = pressure head d~fference between 

valve and stilllng chamber. 
A p  = plpe inlet area, 
V = Q/A,. 
V' = ( 0  - Qn)lAp,and 

H = ' A h + ~ ' / 2 ~ .  

the flow. ~ i & e  15 illustrates a typical 25.0-mm 
diameterportasa nozzle and an orifice wi th the control 
sleeve partially blocking the port. Although the nozzle- 
por t  has the advantages o f  a higher discharge coefficient 
and structurally requires a smaller por t  cross section i n  

12  

When the nozzles albne are exposed, the velocity term 
on  the r ight side o f  equation (5) is negligible since the 
velocity head is small wi th respect t o  the total available 
energy H. As the control sleeve opens, the total energy 
term decreases due to fr ict ion losses in the upstream 
aqueduct and the velocity term increases. Thus, the 
nozzle and slot coefficients Cn and Cs decrease i n  
value t o  reflect the phenomenon o f  a manifold where 
the majority o f  the valve discharge is released through 
the downstream ports of the valve. 

? 

Equations (5) and (6) are similar t o  the equations pre. 
sented b y  Vigandercl l  I and EngerI121 deal~ng wi th 
large diffusers and man~folds. They are emp~rical equa- 
tions based o n  results o f  the laboratory studies 
conducted on  the 200-mm test valve. 

Port configurations tested-The investigation included 
studiesconducted on  the two ported valve sleeves shown 
o n  figure 12. Dimensional sketches o f  the twp sleeves 
are shown on  figure 13. The sleeve travel versus por t  
area relationship curves for  the two  configurations and 
the polyjet valve are shown on  figure 14, The polyjet 
valve has a linear relationship between por t  area and 
sleeve travel. The area for the slotted por t  configuration 
increases at a somewhat slower rate, initially. The area 
for thevalve wi th nozzles and slots increases very slowly 
at the start o f  the sleeve travel and then rapidly 
increases once the slots are exposed, yielding a linear 
relationship between sleeve travel and valve discharge. 

The use o f  nozzles or orifices for  the discharge ports 
should be carefully considered. The present spiral 
arrangement o f  the ports results in the partial blockage 
of some o f  the ports when the valve is used t o  control 



I D- S ieeve  v l v e  d lomete r - ,n  
2 0: Deslgn d l rchorge - f t? .  
3 r l=Volve body thlcknels- , n  
4 04=Dz~ tonce  from volve t o  chamber  wall- ln 
5 N4=Nurnber of  slots 
6 DO-Wldth o f  s lo ts - ln  
7 01 = I n h a 1  nozz le  dmmeter - ln  

Calculate 
C O =  Slot e o e f f ~ c ~ e n t  
C = Nozzle c ~ e f f i c ~ e n t  
as : s lo t  d,schorge 
04 = Nozzle dlschorge 
For each incremental 

Figure 10.-Flow chart for hydrauhc cornputatlons. 



a. Laboratory test valve and chamber 

Energy Gradient H, 

Hydraulic Gradient V2/2 

1370mm d iameter  by 

b. Schematic of  valve chamber 

Figure 11 .-200-mm horizontal multiiet sleeve valve. 

. . - - - -  - - -  - 
.. . . . . -  . ~- ~ -. -- ~~ 

--. 
i 

. .  . . . ..:. 

a. Nozzles and riots. Photo P801-D-78318 b. Slots. Photo P801.D-78319 

Figure 12.-Ported valve sleeves. 
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Flgure 15.-Typical port derqnr. 

16 



The data for the head loss coefficient K are plaited 

. , STILLING CHAMBER 

Figure ?&-Head lorscoefficiek Figure 17.-Pitot cylinder probe and stilling chamber. 

', 

the ported sleeve, it has the disadvantage that during shown on  figure 12. The head loss coefficient is based 
partial blockage, the control point for the nozzle can on  the pressure head differential AH between the up- 
move f rom the exterior Surface of the ported sleeve t o  stream valve flange and the 200-mm pipe flange down- 
an internal control at the control sleeve. This change in stream of the stilling chamber. The loss coefficient K, 
control position can cause cavitation damage t o  the therefore, includes the total system lossforthe control 
f low surface of large nozzle-ports during high pressure structure. The polyjet valve data are also plotted on  
control (greater than 31 m). Laboratory tests w i th  figure 16. 
nozzle-ports UP t o  7.9 m m  in diameter and studies con. 
ducted b y  the MWD of southern California [ 13,141 Jet velocity measurements in st:!ling chamber.-As part 

with nozzle.pOrts Up 19 nm in diameter show no of the horizontal mult i jet sleeve valve test program, a 
signs of cavitation damage t o  the flow surfaces, limited number of velocity measurements were made 

Further laboratory investigations should be conducted t o  determine the velocity characteristics o f  the issuing 

t o  determine the pressure head, nozzle diameter jets. A p i tot  cylinder probe was used t o  measure the 

tionship where cavitation wil l  occur in large nozzle dynamic and static pressure in a horizontal plane nor. 

f low passages. ma1 t o  the axis of the sleeve valve. Velocity t s e r s e s  
were made at distances of 152, 305, and 457 m m  from 

Unt i l  such laboratory investigations have been con- - 

ducted, it is suggested that an orifice design similar t o  
that shown on figure 15b be considered for ports 19 
m m  in diameter o r  larger. The orifice-port has a lower 
discharge coefficient Cd due t o  the vena contracta and, 
thus, requires a larger total por t  area for the ported 
sleeve. There is no change i n  the control point for a par: 
tially closed orifice port. The control for the  jet is at the 
interior surface of the ported sleeve when the orifice is 
completely open or partially blocked b y  the control 
sleeve. The 1.6-mm control surface and 45' taper pro- 
vide a clean control point  for the jet wi th adequate 
circulation. 

., , 
."Figure 17 illustrates the p i tot  cylinder probe and 'its 
Y. ~nstallation in the stil l ing chamber. The p i to t  cylinder 

consists of three small ports located i n  a plane normal 
t o  the axis o f  the probe and spaced at an angulardis- 
tanceof 39%". Investigations conducted by Binder1151 
and Winternitzl l61 have verified that the two  outside 

" E 
PITOT CYLINDER PROBE 5 SECTION A-A 



ports separated by an angular distance of 7 8 ~ ~  will 
measure static pressure when the flow direction bisects 
the angle resulting in equal pressure at both 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 between 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 f r pn  the valve 
are plotted on figure 19. The heavy solid ih? describes 
equation (2) proposed by Albertson[GI. The das'ed 
line identifies data measured by the MWD of Southern 
California[131. 

Extension of the USER and MWD data on figure 19 
for multijet stilling chambers indicates the centerline jet 
velocity Vm will remain the same as the exit velocity 
VO for a distance of approximately 10 nozzle diam- 
eters 110 Do). Beyond 10 nozzle diameters, the center- 
line jet velocity decreases a t  a rate equivalent to the 
1.4 power of the ratio-nozzle diameter Do to distance 
from valve X, that is, ( D ~ ~ x ) ' . ~ .  

The velocity data for the slots 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 flgure 19. 
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Figure 19.-Relationrhip of jet velocity to'disrance from valve. 





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

Permission is granted t o  reproduce or quote from the 
program; however, it is requested that credit be given 
to  the Bureau of Reclamation, US. Department of 
Interior, as the owner. 

PROGRAM TITLE - 
HYDRAULIC COMPUTATION 

FOR MULTIJET SLEEVE VALVE 

GENERAL INFORMATION 
This computer program was developed to determine the 
size, number, and location of discharge ports for multi- 
jet sleeve valves placed in horizontal stilling chambers 
on municipal and industrial water supply acjueducts. 

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

The program is designed t o  calculate and compalezith 
an established standard several design calculafjons, in- 
cluding: jet velocity8: the stilling chamber wall, steel 
stresses in the ported body of the valve, rate of control- 
sleeve travel, size a l ~ d  proximity of exit ports. and dis- 
charge coefficient for the individual ports. A major 
program function is to  calculate valve discharge in each 
spiral quadrant as the control sleeve opens. Since a near 
linear relationship i i  desired between sleeve 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 j:t velocity at the chamber wall is checked; 
i f  it exceeds 20 f t l s ,  the nozzle diameter is reduced by 
1/16 inch. The center-to.center nozzle spacing is 
checked, and if it is less than three nozzle diameters, 
the nozzle diameter is increased by.1116 inch. The pro- 
gram wil l  change the port configidtion from nozzles 
to slots when the calculated nozzle:,diameter exceeds 
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 

design head loss for the valve is reached. 

INPUT 

The input data begins with the structure's title at line 
930. The second data line includes the following six 
items: 

1. Number of plpe reaches of various diameters 
between the upstream storage tank and the 
mult~jet  valve. 

2. Desired m~nimum closing time (full-open to  
full-closed) o f  the multljet 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 elevat~on. 
5. Centerllne elevation of the multijet sleeve mlve. 
6. Downstream storage tank water surface elevation. 

The third data lme (this line is repeated for each pipe 
reach listed in No. 1 above) incl~~des the following four 
items: ,, 

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 valvediameter, in inches. 
2. Design flow through valve in ft3/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 o f  slots in sleeve. 
6. Width of slots, in inches. 
7. Giarneter of flrst nozzle in sleeve body. 
8. KOcoefficient for head loss from sleeve valve 

stilling chamber to  downstream storage tank. 

OUTPUT 

The computer program output lists a number o f  
calculated results includiqg: 

* Max~mum jet velocity at the st~lling chamber 
wall. 

Steel stresses in the valve body. 
Ax~a l  length of slots and total control sleeve 

length required for nozzles and slots. 



The discharge, pressure head, and flow area are also 
given for each increment of opening. In the slotted 
wrtion of the valve, the nozzle and the slot coefficients 
are given with a calculated discharge through the 
nozzles and slots. 

EXAMPLE 

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

Reach Pipe pipe Friction coefficient 
No. diameter, length, normal minimum 

in f t  

downstream tank-24 inches. 
2. Water surface elevation, upstream tank- 

1443 feet. 
3. Water surface elevation, downstream tank- 

1214 feet. 
4. Centerline elevation for multijet valve-1193 ft. 
5. Valve clostng t~me-400 secor-ds. 
6. Sleeve valve diameter-14 inches. 
7. Design discharge-8.1 ft3/s. 
8. Valve wall thickness-0.50 inches. 
9. Distance from valve to chamber wall- 

19.5 inches. 
10. Number of slots-20. 
11. Width of slots-0.75 inch. 
12. First nozzle diameter-0.375 inch. 
13. KO-head loss coefficient from chamber to 

downstream tank-1.340. 

G P O  8 4 0 - 0 5 1  
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DIA .  OF J E T S  AND SPACIN; FOR M U L T I - J E T  S L t E V I  VALVE 
VALVE OIAi+ETER= 14 INCHES 

UPS T P N K  SLEEVE R F C  T A N K  PIPE F~ICTION C O N S T A N T S  T O T A L  L C S S  
b4S €LEV CL ELEV HS ELEV NOeMAL MINIMUM 5 L E k V L  VAL 
1443.00 1193.00 1214.00 3.44'+36218 2.58007641 3.463:7816 

SLEEVE HALL Tr i ICKNCSS= .5 I N C H E S  

P I T C H  OF H E L I X =  1.5 INC-IES 
, I  

LENGTH REQUIRED FOR 10 TURNS= 15 INCHES 

J E T  VELOCITY AT WALL- 11.7469 F E E T  PER SECONO 

J E T  0 1 1  OF D I S T  FROM ANGLE FROM 
NO J E T  INDEX C I H  I N D E X  L I N E  

1 .3750 162 38.88 
2 .3750 .324 77.76 
3 .3750 -485 116.59 
4 -3750 -648 i55.41 
5 .3750 809 194.13 
6 .3750 .970 232.85 
7 .3750 1.131 271.35 
8 .3750 1.291 309.85 
9 -3750 1.451 348.36 

P U P 0  FLOW HEAD K ' I U I H E S  
N O  I N  C F 3  I N  F T  AXEA SF 

ALLOWABLE STEEL STRESS I N  S ~ E E v E = 1 5 0 0 0  P S I  

PCTUAL STEEL STRESS I N  SLEEVE= 1301.23 P S I  





CHANGE FKOM H O L E S  TO j L 3 T S  

S L O T  W I D T H =  . 75  I N C H E S  

O I S T  FROM H E A D  FLOW A V E A  C O E F F  I C I F N T S  O R I F  ;LOT 
INDEX C I K  I N  F T  I N  CFS I N  S F  C O  C 3 N 9 5 



14.698 16.00 7.84 8 1  - 8 4 6  .J11 7. 895 
14.948 13.70 7. d 3  - 3 0 7  - 8 4 4  .904 2.646 
15.198 11.88 7.93 . 333 .a44 .897 2.430 
15.448 10.40 7.94 - 3 5 9  - 8 4 2  .a89 2.240 
15.698 9.18 7.97 - 3 8 5  . 8 4 1  .880 ?.a72 
15.948 8.18 7.95 . 4 1 1  .839 .a71 1.922 
16.198 7.34 8.00 - 4 3 7  - 8 3 7  - 8 6 1  1.786 
16.448 6.63 8.01 - 4 6 3  - 8 3 4  -853 1.664 
15.698 6.02 8.02 - 4 8 9  - 8 3 2  - 8 3 9  1.552 
16.948 5.50 8.03 - 5 1 5  - 8 3 0  - 6 2 7  1.450 
17.198 5.05 8 f i ~  - 5 4 1  - 8 2 7  - 8 1 4  1.356 
17.448 4.65 8,,5 - 5 6 8  - 8 2 4  . A 0 3  1.269 
17.698 4.31 8.05 - 5 9 4  .HZ1 .786 1.188 
17.948 4.0 1 8.05 - 6 2 0  .815 .772 1.113 
18.198 5.74 8.05 6 4 5  - 8 1 4  .756 1.043 
18.448 3.51 8.07 - 6 7 2  - 8 1 1  .740 - 9 7 8  
18 .698 3.29 8.07 .698 .807 .723 - 9 1 6  
18.948 3.11 X.Od ,724  .803 -706  - 8 5 8  
19.198 2.94 8.0d .750 .799 .be8 .8U3 
19.448 2.78 8.08 a776 - 7 9 5  .669 - 7 5 1  
19.698 2.65 8.03 .802 - 7 9 0  .649 .70Z 
19.946 2.52 3 . 0 9  ,828 .786 .623 .656 
20.198 2.41 8.09 - 8 5 4  , 7 8 1  .GO8 - 6 1 2  
20.448 2.31 8.09 .a80 ,776 .586 .57C 
20.698 2.22 8. 04 .906 - 7 7 1  .5bk .530 
20.918 2.13 9.09 ~ 9 3 2  . 766 - 5 4 1  - 4 9 2  
21.198 2.06 8.10 - 9 5 8  .76C .517 .455 
22.623 1.77 8.10 1 .059  - 7 4 3  .4b9 .358 

SLOT D I S T A N C E  I N  I N C H E S  FROM I N l l C X  ANGLE FROM 
NUMBER C I R C L E  10 F I R S T  R A D I I  P O I N T  T N L ~ E X  L I N E  

~ h X I A L  LENGTH-CTR 

12.673 
12. 748  
12.YZT 
12. 898 
12.97 .( 

l3 .0C8 
13.123 
13 .198 
13 .?73 
13.348 
13.423 
13.438 
13.573 
13.648 
13.723 
13.798 
13. 873 
13.948 

TO CTE-OF SLOT R A J I I Z  8.75 I N C H E S  



PISTON TRAVEL= 13.5733 INCHES I N  4 0 0  SECDNDS 
PERCENT OF FLOW RANGE TPAVEL- 58.9533 

DATA FOK NORMAL P I P E  F 9 I C T I O N  
nnx FLOW A T  END OF HOLES= 6 . 6 5 4 5 8  CFS 
T H I S  I S  53 .5242  PERCENT OF TOTAL FLOW RAVGE T R A V t L  
P ISTON TRAVEL TO LAST HOLE= 1 2 . 3 2 3 3  INCH5S I N  363 .163  SFCONIIS 

TOTAL P I S T O N  TRAVEL TIM: I N  FLOW RANGE= 678.503 SECONDS 
DESIGN RATE FOR PISTON TRAVEL= 2 9 . r 6 4 6  SECONDS PES I N C P  

MODULATING RANGE VOLUME- 3 9 5 8 . 3 8  CJRTC FEET 

ALLOHABLE S T t E L  STRESS=1500D P S I  

ACTUPL STEEL STRESS AT SLOTS= 153.24 P S I  



MULTIJET SLEEVE VALVE COMPUTER PROGRAM "SLEVAL" 

SLEVAL 07:19:41 04-26-7F E R 0 2 7 2 2  PAGE 1 

1 0 0  D I M  D 9 1 5 0 1 ~ R 9 1 5 0 ) r  C 9 1 5 0 1 ~ K 9 1 5 0 1  . C 8 l 5 O l  r K 8 1 5 0 1  q S q ( 5 O l  .O9(5O) 
1 0 7  D I M  F 4 ( b O O l  + F 5 1 4 0 0 ) ~ X 8 1 4 0 0 1  
1 0 8  PEAD A %  
1 1 0  P R I N T  AS:" VALVF STRUCTURE" 
1 1 2  READ P 9 J 9 r 0 6 r E l . E 2 r E 3  
1 1 4  74 '3 .14159265359 /576  
1 1 6  K3=0 
1 1 8  K4=0 
1 2 0  H = F l - E Z  
1 2 2  H4=E3-EZ - - 

P R I N T  '' D I A .  OF JETS AND SPACING FOR MULTI-JET SLEEVE VALVE" 
FOR J=i  TO M9 STEP 1 
PEAD 0 9 1 J l . P 9 I J ) . C 9 ( J ) . C R ( J )  
K9lJ1=R91Jl/(IZ4*C9~J1+D9(JI!E.625) !2*1GOO) 
K3=K3+K91 Jl 
K81Jl=R91J1/l~74LC8~J~*091Jl!22625)!2*10001 
K 4 = K 4 + K 8 1 J l  

1 3 6  NEXT J 
1 3 7  C=0.940 
1 3 8  CO=0.850 
1 3 9  08=0 
1 4 0  07=0 
1 4 2  F7-0  
1 4 4  Y9=0 
1 4 6  READ D ~ Q ~ T i ~ D 4 ~ N 4 r D O . D f r K O  
1 4 7  P R I N T  ' VALVE DIAMETER=":D"INCHES" 
1 4 8  P R I N T  
1 4 9  P=3*T l  
1 5 0  N=lO 

1 9 4  Z9=0 
1 9 6  PRINT USING 1 9 8  - 

198 :  UPS TANI( SLEEVE RFC TANK P I P E  F R I C T I O N  CONSTANTS TOTAL LESS 
200 P Q I N T  USING 2 0 2  
202 :  US ELEV CL €LEV WS ELEV NORMAL MINIMUM SLEEVE VAL 



ZOR P ? I N T  " SLEEVE HALL THICKNESS=":TYINCHES" 
2 0 9  P 9 I N T  
2 1 0  PPINT " PITCH OF HELIX=":P "INCHES" 
2 1 7  P 4 I N T  
2 1 4  P 4 I N T  " LFNGTH REOUIREO FOR ":N; "TURNS=";L: "INCHES" 
2 1 6  P Q I N T  
2 1 5  FOR I=1 TO N l  STEP 1 
2 1 9  N8=1 
2 2 0  N9=2 
2 2 1  I F  I > i THEN 223 
2 2 2  0 2 = 0 1  
2 2 3  V 2 = Q 2 / A 6  
2 2 4  V 4 - 0 2 I B 9  
2 2 5  H5=1.84'V2!2/(2%) +KO'V4!2/ (2*Gl  
2 2 8  C l = K 3 +  I ( (H-H4I -K3+Q!2-H5) /0 !21  
2 2 9  H l=C1*02 !2  
2 3 0  HZ=H-HI-H4 
2 3 2  I F  HZ < 1 THEN 9 9 9  

2 3 8  I F  N? > N3 THEN 2 7 2  
2 4 0  I F  I > 1 THEN 2 6 8  
2 4 2  P3=0 
2 4 4  N6=0 
2 4 6  H3=0 
2 4 8  L3=0  
2 5 0  V = Z 6 * ( D l / O k !  !1 .4*@ .34*(64.4*H2)!O.5 
2 5 2  I F  V > 20 THEN 2 8 6  
2 5 h  P q I N T  " JET VELOCITY AT WALL=":V"FEET PER SECONn" 
2 5 6  PRINT 
2 5 8  PRINT 
2 6 0  P Q I N T  USING 2 6 2  
262:  JET D I A  OF CIST FROM PNGLE FROM QUA0 FLOW HE40 
2 6 L  PRINT USING 2 6 6  
266:  NO JET INDEX C I R  INDEX L I N E  NO I N  CFS I N  FT 
2 6 8  P2=Q?/ (C~12*G*H21!0 .5s  
2 7 0  A4=PZ-A3 
2 7 2  N 2 = 4 4 / A 1  
2 7 4  N 3 = ( L 2 -  L l . 5 * O i / 4 ) )  /S 
2 7 6  I F  N2 N3 THEN 4 3 4  
2 7 8  I F  N2 < N8 THEN 2 8 6  
2 8 0  I F  N2=N8 THEN 300  
2 8 2  I F  N2 > N 9  THEN 2 9 4  
2 4 3  I F  NZ=N9 THEN 302  
2 8 4  GO TO 300  
2 8 6  n1=01- ,0625 
2 8 8  GO TO 4 6 2  
2 9 0  I F  N2 > N9 THEN 2 9 4  
2 9 2  GO TO 3 0 0  
2 9 4  NB=NS+l  
2 9 6  N9=?49+1 
2 9 9  G O  TO 2R?2 

REQUIKEO 

AREA SF 



3 2 0  SO=L4/NO 
3 2 2  I F  SO < S THEN 434 
3 2 4  L3=L5 
3 2 6  I F  1=4  THEN 330  
3 2 8  GO TO 348  
3 3 0  02=2*T1+.100594705+01 
3 3 2  P0=62.4*H3/144 
3 3 4  A9=N6*Tl*(Ol+O21/E 
3 3 6  A=.7854* (D+2*T I ) ! 2 - . 7854*0 !2  
3 3 3  TO=Tl*  (A-A9) /A  
340  S3=PO*O/(2*TO) 
3 4 2  S4=P0*0/(4*TO) 
3 4 4  S5=(S3?2+S4!2-S3*Sl+~ ! 0.5 
3 4 6  I F  5 5  . 15000  THEN 462  
3 4 8  A3=60 

3 5 8  F O R  J-1 T O  NO STEP I 
3 5 0  SB=SB+i 
3 6 2  X = X + X o  
3 6 4  I F  I D 1  THEN 376  
3 6 6  I F  J > 1  THEN 376  
3 6 8  I F  01fP > XO THEN 374  
37c  DS=0 
372  GO TO 376 
3 7 4  05=Dl/2-XO 
3 7 6  I F  09>=A0 THEN 390 
3 7 8  I F  07>=09 THEN 390 
3 8 0  0 8 = 0 8 + A l  
3 8 2  07=08+06 
3 8 4  I F  07>=09 THEN 388 
3 8 6  G O  TO 390 
3 8 8  X9=X 
3 9 0  Z9=Z8+Z9 
3 9 2  I F  29 > 360 THEN 3 9 6  
3 9 4  G O  TO 398  
3 5 6  Z9=29-360 
3 9 8  I F  J=NO THEN 402  
400 G O  TO 408 
4 0 2  PRINT USING ~ O ~ . S ~ ~ O I . X . Z ~ . I I Q O . H ~ . A ~  
404: B O t  t . t @ b b  t I I t . # l l  l t t . t 8  C I I t  



4 1 4  I F  1=4  THEN 4 1 8  
4 1 6  GO TO 4 2 8  
4 1 8  PF;INT 
4 2 0  PRINT " 4LLOWdFLE STEEL STRFSS I N  SLEEVE=lSOOO P S I "  
4 2 2  D S I N T  
4 2 4  P R I N T  " ACTUAL STEEL STFESS I N  SLEEYE-'":S5: "P 
4 2 6  P 9 I N T  
4 2 9  Q2=02+Q1 
4 3 0  06=QO 
4 3 2  G O  TO 4 7 5  
4 3 4  01=01+.0625 
4 3 6  I F  01 > T i  THEN 4 5 0  
4 3 8  V I = 2 ~ ~ + ~ 0 1 / O L J ! 1 . 4 * 0 . 9 4 + ( 6 4 . 4 z H 3 ~ ! 0 . C C  
4 4 0  I F  V l  > 2G THEN h 4 3  
4 4 2  GO TO 2 3 4  
4 4 3  P ? I N T  " VELOCITY AT WALL I S  E X C E S S I V E - V l = " : V l " F T / S E C  
4 4 4  DRINT 

4 4 6  PCINT " INCREASE 0 4  BECAUSE D l  I S  LESS THAN - 1 8 7 5  INCHES" 
4 4 8  G O  TO 9 0 9  
L5C L f i = L l / N  
4 5 7  P ? I Y T  
4 5 4  PQTNT " CHANGE FROM HOLES TO SLOTS" 
4 5 6  PRINT 

4 5 8  GO TO 480 
4 7 0  PRINT " STEEL STRESS=":S5;"PSI-PPCGRAM W I L L  INCREASE T I "  
4 7 2  T l = T I + . C 6 2 5  
4 7 4  GO TO 1 4 8  
4 7 6  NEYT I 
4 7 8  G O  TO 2 1 8  
4 8 0  S 1 = 3 ~ 0 0 * L 6 / ( 3 . 1 4 1 5 9 2 6 5 ~ t D + 2 * T i ) )  
4 8 2  S 2 = ( 0 0 - T 1 ) / 2  - : 

4 8 4  Z 1 = 1  
4 9 6  Z 2 = 2  
4 8 8  NO=O 
49'1 L o r 0  
4 9 2  P S I N T  " NUMBER OF SL0TS';NC 
4 9 4  PRTNT . 
4 9 6  PRINT " SLOT WIDTH=":DO:"INCHES" 
4 9 8  -P?TNT 
50C PRINT USING 5 0 2  
5 0 2 :  O I S T  FRO* HEAD FLOW AREA COEFFICIENTS ORTF SLOT 
5 0 4  P S I N T  USING 5 0 6  
536: I N n F X  C I R  I N  FT I N  CFS I N  SF CO C  Q  N  
5 3 8  C3=C 

05 



- 
5 1 8  I F  UR>W4+1 THFN 516 - .-- 
5 2 0  FOR K = l  TO 4  
5 2 2  I F  UR=W4 THEN 5 2 6  
5 2 3  I F  U8=W4-0.75 THEN 5 2 9  
5 2 4  I F  UR=W4-0.50 THEN 5 3 3  
5 2 5  I F  UB=W4-0.25 THEN 5 3 7  
5 2 6  U (K )=US  
5 2 7  I F  K = i  THEN 5 4 9  
5 2 8  GO TO 5 5 1  - 

5 2 s  I F  K = l  THEN 5 4 1  
5 3 0  I F  K=2 THEN 5 4 1  
5 3 1  I F  K-3 THEN 5 4 4  
5 3 2  I F  K=4 THEN 5 4 4  - 
5 3 3  I F  K = i  THEN 5 4 6  
5 3 4  I F  K=2 THEN 5 4 4  
5 3 5  I F  K=3 THFN 5 4 6  
5 3 6  IF Y = 4  THEN 5 4 4  
5 3 7  IF K = l  THEN 5 4 5  -- -- 
5 3 8  I F  K=2 THEN 5 k 6  
5 3 9  I C  K-3 THFN 5 4 1  
54C I F  K=4 THEN 5 4 1  
5 4 1  U(KI=UR+.S 
5 4 2  I F  K = 1  THEN 5 4 9  
5 4 3  GO TO 5 5 1  - 
5 4 4  U i K I = U 8  
5 4 5  G O  TO 5 5 1  
5 4 6  U i K ) = U 8 + 1  
5 4 7  I F  K = i  THEN 5 4 9  

5 7 8  I F  K=2 THEN 5 9 0  
5 8 0  IF K=3 THEN 5 9 4  
5 8 2  IF K=4 THEN 5 9 8  
5 8 4  A7=A5 (K l  
5 8 6  X - X 2 i K l  +X6+SZ 
5 8 8  G O  TO 6 4 2  
5 9 0  A7=A7+A5(Kl+~UlK-1l-Il*X2(K)*OO/i44 1: 

5 9 2  GO TO 6 3 0  I \  
5 9 4  A7=A7+A5 iK l  + i U ( K - I l + ( U l K - 2 ) - 1 )  1 * ~ 2 ( K ) + O O / l 4 4  
5 9 6  GO TO 6 0 0  

- 

6 0 2  I F  K=4 THEN 6 0 6  
6 0 4  GO TO 6 4 2  
6 0 6  Y9=1  
6 0 8  x 3 = x  
6 1 0  D7=A7 
6 1 2  GO TO 6 4 2  



6 1 5  R1= (C4+A3+C7*A7)! 2  
6 1 6  Q 3 ~ l Z * G ~ R 1 * 1 H - H 4 1 / 1 1 + 2 * G * C 1 * B 1 )  ) !  0.5 
6 1 7  V3=03/A6 
61R V2=V3 
6 1 9  V4=Q3/B9 
620 H5=1 .84*V2 !2 / l2 *G)+UO*V4!Z /12*G l  
6 2 2  C l Z K 3 t 1  I lH-H4) -K3*0 !2+5) /Q!2)  
6 2 4  H3=H-ClfQ3! 2-H4 
6 2 6  I F  H3>H5 THEN 643l 
6 2 8  Q 4 = C 4 * A 3 * 1 2 ' G ' ( H 3 - V 3 ! ? / ( Z * G l )  1 !0.5 
6 3 0  ~ 5 = n 3 - 0 4  

6 5 8  V ~ = Q ~ / A E  
660  V6= tV5 tV31 /2  
6 5 2  I F  Y9<2 THEN 6 7 0  
664  X=X+M[! 
6 6 6  X4=X-X3+0.25 
665 GO TO 672 1. 

670  X4=0.25 
672  I F  F7>=0 THEN 686 
6 7 4  F?=C*A3*1(2*G*H?)!0.51 
6 7 6  FR=C01A7+( (2*GiH9) !0.5) 
673  F7=FR+F9 
680 I F  F7>=(3 THEN 684 
6 8 2  G O  TO 686  
6 8 4  X?=X 
6 8 6  48-A3tA7 
6 8 8  I F  K = 1  THEN 694  
690  F 4 l K ) = F 5 l K - 1 )  
6 9 2  GO TO 698  
6 9 4  F 4 ( K ) = F 6  
6 9 6  C5=1 
6 9 8  PRINT USING ~ O O ~ X ~ H ~ T Q ~ . A ~ . C O ~ C + Q ~ ~ Q ~  
700: # # # . X i + #  t X # . b #  # C # # . # #  # U f l . # l t  . C u b  
7 0 2  I F  K > 1  THEN 710 
7 0 4  XR(K)-X-X6 



7 1 6  C 5 = 6 5 + 1  
7 1 8  I F  Y9=1 THEN 7 2 2  
7 2 0  N E X T  K 
7 7 2  < = K t 1  
7 2 4  I F  C=C4 THEN 7 3 2  
7 2 6  MO=0.25 
7 2 8  I F  Y9=2 THEN 6 1 4  
7 3 0  G O  TO 6 1 3  
7 3 2  7 7 = 3 6 O + S l / L 6  
7 3 4  7 9 = 2 9 + 2 7  
7 3 6  I F  79 > 36C THEN 7 4 0  
7 3 8  G O  TO 7 4 2  
7 4 0  2 9 - 2 9 - 3 6 0  
7 4 2  P R I N T  
7 4 4  P R I N T  USING 7 4 6  
7 4 6 :  SLOT DISTANCE I N  INCHES FROV INDEX 
7 4 8  PRINT USING 7 5 0  
7 5 0 :  NUMBER CIRCLE TO F I R S T  R A D I I  PC lNT 
7 5 2  26=360 /N4  
751. X I = P / N 4  
7 5 6  X5=X6+SZ+P/N4 
7 5 8  FOR J = l  TO N4 STEP 1 
7 6 0  I F  J . 1 THEN 7 6 4  
7 6 2  GO TO 7 7 8  

ANGLE FROM 

INDEX L I N E  

7 5 4  2 9 = Z 9 + 2 6  
7 6 6  I F  2 9  , 3 6 0  THEN 7 7 0  
7 6 8  GO TO 7 7 6  

7 7 2  I F  J > 1  THEW 7 7 6  
774:GO TO 7 7 8  
7 7 6  X 5 = X 5 + X l  
7 7 8  PRINT USING 780.J.X5.29 
7 8 0 ;  B R I ~  t e n .  t # n  # # Y .  t t  
7 8 2  NFXT J 
7 3 4  PRINT 
7 8 6  LB=X-X6-S2-1P*(N4-1)/Nb) 
7 8 8  P F I N T  " A X I A L  LENGTH-CTP TO CTR-OF SLOT RADII=":L8: "INCHES" 
7 9 0  PRINT 
7 9 2  L7=D5+X+D0/2 
7 9 4  P R I N T  " SLEEVE LENGTH REQO BY ORIF ICES AND SLOTS=":L7:"INCHES" 
7 9 6  P S I N T  
7 9 8  P7=X6/L7+1DO 
8 0 0  T8=T9+X6/X9  
8 0 2  T6=T9/X9  
8 0 4  P9=X9/L7+100  
8 0 6  T 5 = T b V L 7  
8 0 8  P R I N T  " FOR MINIMUM P I P E  F R I C T I O N  A T  Q=";O "CFS" 
8 1 0  P R I N T  ' PISTON TRAVEL=";X9"INCHES IN";T¶"SECONDS" 
8 1 2  PRINT " PERCENT OF FLOW RANGE TRAVEL=":P9 
8 1 4  P R I N T  
8 1 6  PRINT " DATA FOR NORMAL PIPE FRICTICN"  



- 

8 2 0  P R I N T  " T H I S  I S Y P 7 - P E R C E N T  O F - T O T A L  FLOW RANGE TQAVEL" 
8 2 2  P Q I N T  " OISTON TQAVEL TO LAST HOLE=":X6"INCHES IN":T8"SECONDS" 
8 2 4  P Q I N T  
8 2 6  P R I N T  " TOTAL P I S T O N  TRnVEL T I M €  I N  F L O h  RbNGE=':T5"SFCONOS" 
8 2 8  P R I N T  " OESIGN RATE FOR P I S T O N  TRAVEL=*':T6"SECONOS PER INCH" 
83C P R I N T  
8 3 2  VR=O 
8 3 4  V 9 = X 6 * T 6 * F 6 / 2  
8 3 6  FOF K - 1  TO C S  
8 3 8  V 7 = ( F 4 l K ) + F 5 ( K )  ) / Z * T 6 * X 8 ~ K I  
8 4 0  V8=V8+V7 
8 4 2  NEXT K  
8 4 4  V O = ( V 8 + Y S l * l . l 0  
8 4 6  P R I N T  " MODULATING QANGE VOLUHE=":VO"CURIC FEET" 
8 4 8  P R I N T  

8 7 6  S7 -S6+F  
8 7 8  I F  5 7  > 1 5 0 0 0  THEN 8 9 0  
PJ9C P R I N T  .' IILLOWABLE STEEL STQFSS=15OOG PSI'' - 
8 9 2  P Q I N T  
8 8 4  P R I N T  " ACTUAL STEEL STRESS AT  SLCTS=":SI; " P S I "  
8 8 6  P R I N T  
8 8 8  GO TO 999 
8 9 0  P C I N T  " STEEL STQESS 4 T  SLOTS=":S7:"PSI-THIS I S  TOO HIGH" 
8 9 2  P Y I N T  
8 9 4  P P I N T  " INCPEASE THICKNESS OF SLEEVE AND fERUN PROGkPH" 
8 9 6  GO TO 9'39 



ABSTRACT ABSTRACT 

rerultr demonstrate the capability of the horizontsi multiiet sleeve valYeand stilling chamber : resuits demonstrate the capability o f  the horizontal multijet sleeve valve and stilling chamber 
t o  perform well as an energy dissipator and also deliver design dircharges with minimum : to  perform well as an energy dissipator and also deliver design dircharges With minimum 
head loss. A computer program was developed to sire and locate the nozzles and slots used : head ioss. A computer program was developed to  size and locate the nozzles and rlots ussd 
in the ported s!eeue of the multijet sleeve "a&. This multiict concept of valve controls : in the parted sleeve of the multijet sleeve valve. This multiiet concept of valve cantrolr 
which rerultr in the production o f  cavitation in  the water of the stilling chamber, away : which results in the production of cavitarion in the water of the stilling chamber. away 
from rtructurai mambers, permits design consideration of high herd (100 t o  300 m), one- : from structural members, permits design consideration o f  high head 1100 t o  300 m), one- 
stage fiovv control installations. 

I. i 

ABSTRACT ABSTRACT 

develop and test a 200-mm horizontal multijet rleeve valve and rtilling chamber.The study : develop and testK200-mm horizontal multiiet sleeve valve and stilling chamber. Ths study 
rerultrdsmonstrate the capability of the horizontal multiiet rleeve valveand rtillingchamber : results demonstra~'ththe capability of the horizontal multiiet sleeve valve and stillingchamber 
t o  perform well as an energy dirniwtor and also deliver design discharges wi th  minimum : t o  perform well as an energy dissipator and also delivar derign discharges with minimum 
head loss. A computer program was developed to  size and locate the nozzles and rlots used : head ioss. A Computer program was developed to  size and locate the nozrler and riots used 
in the ported rleeve o f  the multiiet rleeve valve. Thir multijet concept of valve controls : in the ported sleeve of the multiier rleeve valve. Thir multijet concept of valve controis 
which rerultr in  the production o f  cavitation in the water of the rtilling chamber, away : which rerultr in the production of cavitation in the water of the rtilling chamber, away 
from structural members. permits design consideration of high head (100 to  300 ml, one- : from structural members, permits design consideration of high head (100 to 300 ml, one. 
stage flow control inrtallations. 
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