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This report contains an analysis of the dynamics of a check valve 
disc under the influence of a flow transient. The developed equa- 
tions have been programed for the Philco-2000 digital computer in 
FORTRAN a s  the SLAM Code. The Code input consists of the char- 
acteristics of the valve and the flow transient. The output of the 
code includes the dynamics of the valve disc a s  a function of time 
and the presslire surge induced by valve closure. 

ANALYSIS OF CHECK VALVE DISC MOTION 
DURING A FLOW TRANSIENT 

G. M. Fuls 

I. INTRODUCTION 

The components of the main coolant system of a multiple loop pressurized water reactor plant are 
subjected to cyclic s t resses  when a check valve slams shut and produces a water hammer pressure surge. 
Fatigue failure under these conditions can be avoided by design, provided that the magnitudes of the stresses 

are known. Valve part s t resses  resulting from impact loads must also be h o w  for proper design of the 

valve. These stresses can be calculated from the valve component velocities resulting from a flow tran- 
sient on either closing or opening the valve. 'i 

), 

This study predicts the impact velocities of the disc and the pressure surge resulting from extin- 
\ 

guishing a fluid velocity. The numerical computations necessary for an iterative solution of the second 
order, nonlinear differential equation are performed by the SLAM Code (Bettis Code M0188), * utilizing 
the flow transient and the valve parameters which can be determined from the design of the valves. 

'I 

\ 
11. ANALYSIS 

i 
' A. Method \ 

This analysis develops the equations of motion of a simple swing disc check valve from Newton's 

Second Law, Af ter  this development is complete, the modifications of the analysis necessary for applica- 
> tion to other types of valves are described. 
>\ 

\ 

The basic assumptions necessary are a s  follows. 

1. 

2. 

All valve springs are massless and linear. 
The drag coefficient of the valve disc for a given orientation with respect to flow is independent 

of whether the flow is forward or reverse. 

*The SLAM Code is an extension of a valve analysis originally performed at  Knolls Atomic Power 
Laboratory. 
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3 .  The added inertia of the disc resulting from the fact that the disc is in water is independent of 

whether the flow is forward o r  reverse. 
Friction other than that resulting from viscous effects of the fluid is negligible. 4. 

where V 
to the center of the disc face area, and 0 is the angular velocity of the disc. 

is the magnitude of the vector velocity of the disc, r is the radial distance from the pivot point 
D 1 P 

For a rotating mass, Newton's Second Law takes the form 

1 1  

J 8 = T ,  

1 1  

where J is the disc moment of inertia, 8 is the disc angular acceleration, and T is the torque, 

The torques acting on the disc during a transient a r e  those caused by spring displacement, drag on 

the disc as a result of a relative velocity between the disc and the fluid, and the buoyant weight of the disc. 
The spring torque is the product of the spring constant and the angular displacement of the spring. Thus, 

T~ = ks (0, - 0) , 
I 

where Ts is the spring torque, ks is the spring constant, 0 is the angular displacement of the disc, and GI 
is the initial angular spring displacement. The valve parameters for a simple swing disc check valve are 
shown in Figure 1. 

The disc weight torque is equal to the product of the buoyant weight of the disc, the distance from the 

pivot point to the center of gravity of the disc, and the sine of the angle this line makes with the vertical. 
Thus, 

I - 
TW = -Wb r Sin 8 , 

where TW is the disc weight torque, Wb is the buoyant weight of the disc, 7 is the radial distance from 

the center of gravity to the pivot point, and 8 is the angular displacement of the disc from the vertical line 

down from the pivot point and is positive in the opening direction of the disc. li; The drag of the disc is equal to the product of the drag coefficient and the square of the velocity of the 

disc relative to the fluid. Thus, 
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This report contains an analysis of the dynamics of a check valve 
disc under the influence of a flow transient. The developed equa- 
tions have been programed for the Philco-2000 digital computer in 
FORTRAN as  the SLAM Code. The Code input consists of the char- 
acteristics of the valve and the flow transient. The output of the 
code includes the dynamics of the valve disc a s  a function of time 
and the presslire surge induced by valve closure. 

ANALYSIS OF CHECK VALVE DISC MOTION 
DURING A FLOW TRANSIENT 

G. M. Fuls 

I. INTRODUCTION 

The components of the main coolant system of a multiple loop pressurized water reactor plant are 

subjected to cyclic stresses when a check valve slams shut and produces a water hammer pressure surge. 

Fatigue failure under these conditions can be avoided by design, provided that the magnitudes of the stresses 
are known. Valve part s t resses  resulting from impact loads must also be known for proper design of the 

valve. These stresses can be calculated from the valve component velocities resulting from a flow tran- 
sient on either closing o r  opening the valve. 

This study predicts the impact velocities of the disc and the pressure surge resulting from extin- 
guishing a fluid velocity. The numerical computations necessary for an iterative solution of the second 

order,  nonlinear differential equation are performed by the SLAM Code (Bettis Code M0188), * utilizing 
the flow transient and the valve parameters which can be determined from the design of the valves. 

11. ANALYSIS 

A. Method 

This analysis develops the equations of motion of a simple swing disc check valve from Newton's 

Second Law. After this development is complete, the modifications of the analysis necessary for applica- 

tion to other types of valves are descrfbed. 

The basic assumptions necessary are a s  follows. 

1. 

2. 

Al l  valve springs a r e  massless and linear. 

The drag coefficient of the valve disc for a given orientation with respect to flow is independent 
of whether the flow is forward or  reverse. 

*The SLAM Code is an extension of a valve analysis originally performed at  Knolls Atomic Power 
Laboratory. 
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3. The added inertia of the disc resulting from the fact that the disc is in water is independent of 

whether the flow is forward o r  reverse. 
Friction other than that resulting from viscous effects of the fluid is negligible. 4. 

For a rotating mass, Newton's Second Law takes the form 

I 1  

J 0 = T ,  

I 1  

where J is the disc moment of inertia, 0 is the disc angular acceleration, and T is the torque. 

The torques acting on the disc during a transient a r e  those caused by spring displacement, drag on 

the disc as  a result of a relative velocity between the disc and the fluid, and the buoyant weight of the disc. 
The spring torque is the product of the spring constant and the angular displacement of the spring. Thus, 

where Ts is the spring torque, ks is the spring constant, 0 is the angular displacement of the disc, and OI 

is the initial angular spring displacement, The valve parameters for a simple swing disc check valve a re  

shown in Figure 1. 

The disc weight torque is equal to the product of the buoyant weight of the disc, the distance from the 

pivot point to the center of gravity of the disc, and the sine of the angle this line makes with the vertical. 
Thus, 

T ~ =  -W 5 Sin e , b 
- 

where TW is the disc weight torque, W is the buoyant weight of the disc, r is the radial distance from 
the center of gravity to the pivot point, and 0 is the angular displacement of the disc from the vertical line 

down from the pivot point and is positive in the opening direction of the disc. 

b 

The drag of the disc is equal to the product of the drag coefficient and the square of the velocity of the 

disc relative to the fluid. Thus, 

where D is the drag, K is the drag coefficient, g is the gravitational constant, and V is the relative 

velocity which is positive in the opening direction of the valve. 
R 

If the thickness of the disc is small in comparison with its face area, the disc may be treated as a 
surface; the magnitude of the absolute velocity of this surface is equal to the product of the angular velocity 

I of the disc and the radial distance from the pivot point about which it rotates to the center of area of the 
disc surface. Thus, 

I v = r 8/12 , 
D P  

where V is the magnitude of the vector velocity of the disc, r is the radia 
D 1 P 

to the center of the disc face area, and 0 is the angular velocity of the disc. 

distance from the pivot point 

Thus, the velocity vector of the disc relative to the fluid is 

2 
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Figure 1. Simple Swing Disc Check Valve. 

where ? 
7 

is the velocity vector of the fluid and F ,  
is the relative velocity vector. R 
It is assumed that the path of the center of 

disc area lies in a plane and that the axis of the 

check valve also lies in the same plane. A se t  of 
coordinates is chosen such that the X-axis is 
coincidental with the axis of the check valve, and 
such that the Y-axis (positive in the direction of 

the disc pivot point) lies in the plane of the path 

of the center of the disc (Figure 2). Then, the 
relative velocity may be written 

w h e r e r i s  the unit vector along the X-axis, Tis the unit vector along the Y-axis, VF is the fluid velocity, 

and 17 is the angle between the disc velocity vector and the X-axis. Since the fluid velocity is parallel to 

the X-axis, the vertical component of the fluid velocity is zero. 

Rewriting Equation (3) and substituting from Equation (2), 

The angle the vector v' makes with the X-axis is 
/ \ 

R 

Defining @ as the angle measured from to the disc face, positive in the same direction as 0 ,  and 

p as the angle measured from r to 7, also positive in the same direction a s  0 ,  then the angle x between 
the perpendicular to the disc face and the relative velocity vector is 

P 

and 

It is assumed that the velocity of the disc relative to the fluid results in a single force which is per- 
pendicular to the disc face and proportional to the square of the magnitude of the relative velocity. With 

this assumption 

where DF is the net drag force on the disc, p is the density of the fluid, VR = [ TR[ , g is the gravitational 

constant, and A is the area of the disc face. The moment o r  torque exerted by this force is equal to the 

3 
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Figure 2. Force Diagram. 

product of the net force, the radius a rm,  and the cosine of the 

angle 4 + P, or 

TD = D  F P  r Cos (@ + p )  , 

where T 

fluid. 

is the torque on the disc due to the viscosity of the 
D 

Substituting, 

and substituting again from Equations (4) and (7), 

r e  
VF - +- cos  ( e  - p)  D 144(2g) T =  

Equation (8) represents the drag torque on the disc. The drag coefficient is determined by the angle X 

between the vertical to the disc face and the relative velocity. This angle is given by a combination of 

Equations (5), ( 6 ) ,  and (7). Thus, 

I 

I 1 -121- 8 Sin ( e  - p) 

P 

X = $J + -9 - Tan-' [ 
12vF - r e COS ( e  - p) 

(9) 

In order to accurately account for the sign of the drag torque, Equation (8) must be multiplied by the 

fluid velocity divided by the absolute value of the fluid velocity, o r  VF/ V . 1 F l  
The disc moment of inertia J in Equation (1) consists essentially of two parts: the moment of inertia 

of the disc due to its own mass and the added inertia due to immersion of the disc in a fluid. Thus, 

J = J  + J  D A '  

where J D 
from Equation (1) 

is the moment of inertia of the disc, and JA is the added moment of inertia of the disc. Then, 

4 

= T  + T  + T D ,  s w  



or 

Al l  of the above variables necessary for the solution of the equation (except velocity as a function of 

time, and the drag coefficient and added inertia as  functions of disc position) a r e  easily determinable from 

the design drawings of the valve. 

Statistical studies have shown that the mass of the disc has only a minor effect on the dynamics of the 
check valve in comparison with the importance of other parameters such as the flow transient and radial 
distances to the center of a rea  and center of mass. Therefore, since the added moment of inertia of the 

disc due to its presence in a fluid is a result of an apparent increase in mass or "virtual mass , t f  a large 
e r ro r  in predicting or  measuring the added moment of inertia of the disc has only a very small effect; for 

many valves this effect may be assumed to be negligible. 

There a re  numerous methods available for predicting the flow transient; it  is assumed the programer 

will have one of these methods already chosen. 

The drag coefficient may be determined from simple steady-state tests on the check valve and use of 

Equation (10) with the velocity and acceleration of the disc equal to zero. However, since it is often not 

feasible to perform these tests, some estimate of the drag coefficient must be made. Again, statistical 
studies have shown that fairly large e r ro r s  in the drag coefficient have minor effects on the pressure surge 

from the check valve slam, although disc position as  a function of time may vary widely. The values for 

the drag coefficient as a function of the relative disc face angle given for Card 11 of Section I V Y  Program 

(Code) Input, a r e  average values for numerous valves. Deviations of the drag coefficient by plus or minus 
half a decade for  a given face angle have a negligible effect on the final results of the program. 

For an iterative solution of the differential equation 

e a re  required. These a re  

and 
I dt I t  

%+€It = 2- %tdt 

I 
(Equation l o ) ,  two additional equations for 0 and 

11  f 
z et) + dt et + et 

where dt is the finite difference increment, the subscript, t is the beginning of the finite difference incre- 

ment, and t+dt is the end of the finite difference increment. 

J 
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In finite difference form the acceleration equation is 

with both J and K evaluated at Bt. 

B. Articulated and Linear Type Valves 

For an articulated or doubly pivoted check valve (Figures 3A and 3B), these equations a re  also valid 
provided that the assumption is made that the disc pivots about only one pivot a t  a time. In other words, 

the disc rotates about a given pivot from the fully open position to an intermediate position between the 
fully open position and the seated position, At this point the disc ceases to rotate about the original pivot 

and rotates instead about a different pivot until the disc is seated. Where the pivot point changes the angle 

measured from the vertical line down from the pivot point to the line connecting the pivot point and the 
center of gravity of the disc is called the angle of articulation. Thus, with proper values assigned to the 

parameters the above equations a re  valid for each range of rotation. 

A 

For a check valve with a linear motion disc the equations require modification and redefinition of the 

parameters. Thus, 
0 = Linear displacement of the disc from the seat  (inches) 

6 

0 

= Linear velocity of the disc (in./sec) 

= Linear acceleration of the disc (in./sec ) 
1 1  2 

OI = Initial linear spring displacement (inches) 

k 

Wb = Bouyant weight component parallel to the axis of motion (pounds) 

JD = M a s s  of the disc (lb sec / ine)  

JA = Added mass of the disc due to its immersion in fluid (lb sec /in.) 

= Linear spring constant (lb/in.) 
S 

2 

2 

Then, 

I I \  

C. Method of Solution by the SLAM Code 

These equations a re  solved by the SLAM Code (M0188) written in FORTRAN for the Philco-2000 

computer. The method of solution is to assume that the values of displacement, velocity, and acceleration 

at the end of the time increment a re  the same as a t  the beginning. The displacement a t  the end of the time 

6 
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Figure 3A. Articulated Check Valve Showing 
Disc Rotating about Pivot Point N. 

Figure 3B. Articulated Check Valve Showing 
Disc Rotating about Pivot Point M after 
Articulation. 

increment is determined from Equation (11). The velocity a t  the end of the time increment is determined 

from the new displacement and Equation (12). With this velocity and displacement the acceleration is 
determined at the end of the time step from Equation (13). The next time step is undertaken if the assumed 

and calculated accelerations a re  within a specified convergence criterion. If the accelerations a re  not 

within the specified convergence criterion, the velocity, acceleration, and displacement at the end of the 

time step a re  assumed equal to the values calculated and the calculation for the time step is repeated. 

Appropriate tests for changing pivots, reaching the fully open or fully closed position, and reaching 

the time limit a r e  performed after each time step. 

At the completion of a closing transient the pressure surge is determined based on the assumption 

that the velocity goes instantaneously to zero a t  valve closure. The pressure surge is also calculated by 
the swept-out volume theorem for comparison. (This calculation requires the cross-sectional flow area  

of the pipe, Ap.) 

111. PROGRAM LIMITATIONS 

The limitations of the computer program a re  as follows: 

1. 
2.  

The program will not predict repetitive check valve slam. 
The program cannot accommodate a fluid velocity transient that passes through a maximum or  
minimum, but i t  can accommodate one that approaches or attains a steady-state condition. 
The program can accept only steady-state initial conditions as input data. 3 .  

IV. PROGRAM (CODE) INPUT 

The SLAM Code is designed to run successive problems, retaining in memory all input data from the 

previous problem and changing only those parameters for which input cards are supplied in the succeeding 

problem. Each input card is numbered to identify the input information; thus, the sequence of input cards 

may be in any order with the following three specific exceptions: 

1. Cards 1, 2, and 3 must always be in sequence and should be treated as a single card since their 

position in the problem deck does not matter, provided that the other specific exceptions a re  

observed. If one of these three cards is present, all three must be present. 
Card 23 must be the last card of that group of cards corresponding to a particular problem. 2. 

7 



3. Card 24 must be the last card of the input deck. In a sequence of problems only one 24 card will 

be present, and it must be the last card of the input deck. 

NOTE: This does not eliminate the need for a blank 

card after each input deck required by some computer 
installations. 

of the input deck. 

This blank card is @ considered part 

The information on the various cards is shown symbolically in Figure 4 and is described below with 

an explanation of the symbols in parentheses. 

Card 1 a. 
Card 2 a. 

b. 

Card 3 a. 

b. 

Card 4 a. 
b. 

C. 

d. 

e. 

Card 5 a. 

b. 

C. 

d. 

e. 

Column 10: Punch a 1. 

Column 10: F’unch a 2. 
Columns 11 to 70 inclusive: This space is available for any information the programer 

desires to place there. The limitation is that only those characters available on the key 
punch may be used. This information is reproduced at the top of each page of the problem 

output. 
Column 10: Punch a 3. 

Columns 11 to 70 inclusive: Same as Card 2. 

GENERAL NOTE: The information in the following 
cards in columns 11 to 70 must contain a decimal in 

each 10-column spacing, but the information may be 
placed anywhere within the 10 columns. 

Column 10: W c h  a 4. 

Columns 11 to 20 inclusive: A blank or zero provides the standard output format with the 
output printed after each time step. The number 1. provides the output after each ten time 

steps and after the final time step. The number 2. provides only the final conditions. 

Columns 21 to 30 inclusive: A blank or zero provides an input edit. 

ates the input edit. 
Columns 31 to 40 inclusive: A blank o r  zero is used for a simple or singly-pivoted swing- 

type check valve. The number 1. is used for an articulated or doubly pivoted check valve. 

The number 2. is used for a check valve with a linear motion disc. 
Columns 41 to 50 inclusive: A blank o r  zero indicates a closing transient. 

indicates an opening transient from the closed position. The number 2. indicates an opening 

transient from an intermediate position. 

The number 1. elimin- 

The number 1. 

NOTE: If all options chosen a r e  zero, this card may 
be eliminated. 

CoJumn 10: Punch a 5. 

Columns 11 to 20: Fluid density (RHO) 

Columns 21 to 30: Initial fluid velocity (VIN) 

Columns 31 to 40: Speed of sound in fluid (CSOUND) 

Columns 41 to 50: Fluid velocity which would occur in the loop provided 

the check valve is not present; corresponds to the differential pressure 

necessary to hold the check valve closed and is required only for the 

opening transient (VMTN) 

(lb/ft3) 

(ft/sec) 
(ft/sec) 

(f t/sec) 

1 

8 
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~~~ 

TITLE MEMORY A ID  ANALYST DATE _- _- 19 - SHEET -OF - 

FORTRAN INPUT FORM 

061 62 6364 €6 66676869 x) 71 7; 

I I l l  I I I  1 1  

IDENTIFICATION 

r37475 n 

# 

'77879 8 

i# 
Figure 4. Memory Aid for Input. 



f .  

g. 

Card 6 a. 

b. 

C. 

d. 

e. 
f .  

g. 

Card 7 a. 

b. 

Columns 51 to 60 inclusive: Flow area of pipe (AREAP) 
Columns 61 to 70 inclusive: Singly Pivoted Valve - Angle between the 

line from the pivot point to the center of the disc face a rea  and the line 

from the pivot point to the center of gravity. Angle is positive in the 
disc opening direction (BETA). 

Articulated Valve - Angle is the same a s  for the singly pivoted valve 

but is in the range from articulation to the fully open disc position (BETA). 

Column 10: Punch a 6. 

Columns 11 to 20 inclusive: 

Pivoted Valve - Angle between the vertical line down from the pivot point 
and the line from the pivot point to the center of gravity when the disc is 

in the fully open position. Angle is positive in the opening direction. 
(AODI - A stands for Angle, OD stands fo,r the zeroth derivative, and I 

stands for the initial position of the closing transient. ) 

Linear Motion Valve - Distance from the seated to the fully open disc 

position (AODI is still used). 

Columns 21 to 30 inclusive: 

as in b and c above (PHI). 

Articulated Valve - Angle is the same as for the singly pivoted valve but 
is in the range from articulation to the fully open position (PHI). 

Linear Motion Valve - blank 

Columns 41 to 50 inclusive: Volume of the disc (DV$L) 

Columns 51 to 60 inclusive: Weight of the disc in air (W) 

Columns 61 to 70 inclusive: Density of the disc metal (RHbM) 

NOTE: If e. and f. are both other than zero, g. is 

ignored whether it is other than zero o r  not. If either 
e. or f. is other than zero, g. is used if it is other 

than zero, and the density of steel is used if g. is zero. 

Column 10: Punch a 7. 
Columns 11 to 20: 

Singly Pivoted Valve - Radial distance from the pivot to the center of 

gravity (RBAR). 

Pivoted Valve - Angle between the vertical line down from the pivot point 

and the line from the pivot point‘to the center of gravity with the disc in 
the fully closed position. Angle is positive in the disc opening direction 
(AODF - F for final position). 

Linear Motion Valve - blank 

Columns 31 to 40 inclusive: 
Singly Pivoted Valve - Angle between the line from the pivot point to the 

center of gravity and the line through the plane of the disc face. Angle 
is positive in the same direction of rotation (clockwise o r  counterclockwise) 

2 (in. ) 

(degrees) 

(degrees) 

” 

(degrees) 

(inches) 

(degrees) 

(degrees) 

(degrees) 

3 (in. ) 

(pounds) 
(lb/ft3) 

(inches) 



A 

C .  

d. 

e. 

. 

A 

f .  

g. 
Card 8 a. 

b. 
Card 9 c. 

d. 
Card 10 a. 

b. 

Card 11 c. 

d. 

Articulated Valve - Radial distance from the pivot to the center of 

gravity in the range from articulation to the fully open disc position 

(RBAR). 
Linear Motion Valve - blank. 
Columns 21 to 30: 

Singly Pivoted Valve - Radial distance from the pivot to the center of 

disc face area (RPC - _Radius _Pivot to the cen te r  of area) 

Articulated Valve - Radial distance from the pivot to the center of the 

face area in the range from articulation to the fully open disc position 

(RPC). 

NOTE: This information is required only if it is dif- 

ferent from the information in b above. 

Columns 31 to 40: 

Singly Pivoted Valve - Spring constant (SPRINK). 
Articulated Valve - Spring constant for the range from articulation to 

the fully open position (SPRINK). 
Linear Motion Valve - Spring constant (SPRINK) 

Columns 41 to 50: 

Singly Pivoted Valve - Preload spring displacement when the disc is 

on its seat (THETAI). 
Articulated Valve - Preload spring displacement a t  the point of 
articulation for the range from articulation to the fully open position 

(THE TAI) . 
Linear Motion Valve - Preload spring displacement (THETAI). 
Columns 51 to 60: 
Singly Pivoted Valve - Moment of inertia of the disc (DISCJ). 

Articulated Valve - Moment of inertia of the disc from articulation 

to the fully open position. 
Linear Motion Valve - M a s s  of the disc. 

Columns 61 to 70 inclusive: Disc face 
Column 10: Punch an 8. 

Columns 11 to 70 inclusive: Values of 
Column 10: Punch a 9. 

Columns 11 to 70 inclusive: Values of 
Columns 9 and 10: Punch a 10. 

Columns 11 to 70 inclusive: Values of 

Columns 9 and 10: Punch an 11. 

Columns 11 to 17  inclusive: Values of 

area (AREA). 

position (see Card 11). 

position (see Card 11). 

the drag coefficient (see Card 11). 

the drag coefficient. 

(inches) 

(inches) 

(inches) 

(in. lb/deg) 

(in. lb/deg) 

(lb/in. ) 

(degrees ) 

(degrees) 

(inches) 

2 (in. lb sec ) 

(in. Ib sec 2 ) 

2 .  (lb sec /in.) 
2 (in. ) 

Cards 8, 9, 10, and 11 provide space for table input of the drag coefficient as a function of position. 
Using a plot of the log of the drag coefficient versus position, there is sufficient space to represent this 

plot by up to eleven straight line segments. The disc positions (angle the disc face makes with the vertical, 
e + @ , in degrees for pivoted motion valves and in inches for linear motion valves) corresponding to the 

11 



points chosen a r e  listed in decimal form in increasing value in succeeding ten-column spacings (without 
skipping any 10-column spacing), beginning with Column 11 on Card 8 and continuing to Column 70, then 
to Column 11 on Card 9 and continuing to Column 70. If no data other than the 9 punch in Column 10 of 

Card 9 are contained on Card 9, this card may be eliminated. 

responding to the data points chosen are  listed on Cards 10  and 11 in the same position a s  on Cards 8 and 
9. Again, Card 11 may be eliminated if it contains no information other than the 11 punch in Columns 9 
and 10. For  example, suppose the entire semilog plot may be represented between the points (K = 1500, 

0 = -30") and (K = 0.0096, 8 = 85"). 

Card 8, 85. in Columns 21 to 30 of Card 8, 1500. in Columns 11 to 20 of Card 10, and 0.0096 in Columns 
21 to 30 of Card 10, with Cards 9 and 11 eliminated. In the absence of more reliable data, these values 

may be used as an approximation of the drag coefficient for swing-type check valves. 

and DRAG(I), I = 1, 121 

Card 12 a. Columns 9 and 10: Punch a 12. 

Columns 11 to 70: Values of added inertia (see Card 15). 

Card 13 a. Columns 9 and 10:  Punch a 13. 

Columns 11 to 70: Values of added inertia (see Card 15). 

The dimensionless drag coefficients cor- , 

This information may be supplied by -30. in Columns 11 to 20 of 

[ THET(I), I = 1, 1 2  

b. 

b. 
Card 14 a. Columns 9 and 10: Punch a 14. 

b. Columns 11 to 70: Values of position (see Card 15). 

Card 15 a. Columns 9 and 10: Punch a 15. 

b. Columns 11 to 70: Values of position. 

Cards 12 to 15 inclusive contain the added moment of inertia (for pivoted valves) and added mass 

(for linear motion valves) of the disc resulting from its immersion in a fluid. 

in the same manner a s  the drag coefficient except that a linear plot is used rather than a semilog plot. 
disc position in degrees for the pivoted valve and in inches for the linear motion valve is contained in 

increasing values on Cards 14 and 15, and the added inertia o r  mass is contained on Cards 12 and 13. If 

the added inertia o r  mass is independent of position, this constant may be contained in Columns 11 to 20 

of Card 12 and Cards 13, 14, and 15 are eliminated. 

Card 16 a. Columns 9 and 10:  Punch a 16. 

The information is supplied 
The 

[ADDJ(I), I = 1, 1 2  and ANG(1) I = 1, 121 

b. Columns 11 to 20 inclusive: 6, convergence criterion on acceleration. 

The difference between the assumed acceleration and calculated accel- 

eration must be less  than or  equal to this value (EPSILO). 
Columns 21 to 30 inclusive: Maximum running time of the problem 

(TIMES). 

c. 

d. Columns 31 to 40 inclusive: Finite difference increment (DT). 

Card 17 a. Columns 9 and 10: Punch a 17. 

Columns 11 to 70: Values of velocity (see Card 20). 

Card 18 a. Columns 9 and 10: Punch an 18. 
Columns 11 to 70: Values of velocity (see Card 20). 

Card 19 a. Columns 9 and 10: Punch a 19. 

Columns 11 to 70: Values of time (see Card 20). 

Card 20 a. Columns 9 and 10: Punch a 20. 

b. 

b. 

b. 

b. Columns 11 to 70: Values of time. 

(seconds) 

(seconds) 

L 

12 



Cards 17, 18, 19, and 20 are for the input of the flow transient as a function of time. This allows 

representation by up to eleven straight line segments of a linear plot of velocity versus time. The time 

in seconds is contained on Cards 19 and 20 in increasing values. The corresponding velocities in ft/sec 

a r e  on Cards 17 and 18. This information must be supplied as on Cards 8 to 11 inclusive. 

and TV(I), I =  1, 121 

[V(I), I = 1,  12 

i 

Card 21 

Card 22 

Card 23 

Card 24 

This card is required only for an articulated valve. 

a.  

b. 

C. 

d. 

e. 

f .  

g. 

Columns 9 and 10: Punch a 21. 

Columns 11 to 20 inclusive: Angle between the vertical line down from 
the pivot point and the line from the pivot point to the center of gravity 

when the pivot about which the disc rotates is in the range nearest the 
closed position (AAS - Angle at  which - Articulation - Stops). 

Columns 21 to 30 inclusive: Angle between the line from the pivot 
point to the center of gravity of the disc and the line through the plane 

of the disc face. Angle is in the range from articulation to the fully 

seated position (PHIA: PHI Articulated). 
Columns 31 to 40 inclusive: Radial distance from the pivot point to 

the center of gravity between articulation and the fully seated position 

(RBARA - RBAR Articulated). 

Columns 41 to 50 inclusive: Radial distance from the pivot point to 
the center of the disc face area when the disc is in the range between 

articulation and the fully seated position (RPCA). 

NOTE: This information is required only if different 

from d above. 

Columns 51 to 60 inclusive: Spring constant in the same range a s  

above (SPRNKA). 
Columns 61 to 70 inclusive: Initial spring displacement in the same 
range a s  above (THETAA). 

This card is required only for an articulated valve. 
a. Columns 9 and 10: Punch a 22. 

b. Columns 11 to 20 inclusive: Disc moment of inertia in the same range 
as for  Card 21 (DLSCJA). 

Columns 21 to 30 inclusive: Angle between the line from the pivot 
point to the center of the disc face area and the line from the pivot 

point to the center of gravity. Angle is positive in the disc opening 
direction in the same range as for Card 21 (BETAA). 

c. 

a. Columns 9 and 10: Punch a 23. 

a. Columns 9 and 10: Punch a'24. 

The minimum cards required for the first problem in a sequence are as follows: 

1. Single Pivot - Cards 5, 6, 7, 8, 10, 12, 16, 17, 19, and 23. 

2.  Articulated - Same as Single Pivot plus Cards 4 ,  21, and 22. 

3. Linear - Cards 4, 5, 6 ,  7 ,  8 ,  10, 12, 16, 17, 19, and 23. 

(degrees) 

(degrees) 

(inches) 

(inches) 

(in. lb/deg) 

(degrees) 

2 (in. lb sec ) 

(degrees) I 

13 



Additional cards may be required, and Cards 1, 2, and 3 should be included for problem identification. 

The second problem in the sequence should contain at least one data card and a Card 23. However, 
Cards 1, 2, and 3 should be included with the problem identification for later convenience. 

The last problem in the sequence must contain a 24 Card. 

Columns 1 to 8 inclusive and Columns 7 1  to 80 inclusive on all cards may contain any information the 

programer may desire. These columns a re  ignored by the code and have no effect whatsoeve;. 

V. TERMINOLOGY 

Symbol 

A 

A 

P 
P 

X 

D 

DF 

dt 

71 

JD 

Definition 

Area of the disc face 

Area of the valve pipe 

Angle measured from r to F, positive in 
the same direction as 0 

Angle between the relative velocity vector 
and the perpendicular to the disc face 

Drag 

Net drag force on the disc 

Finite difference increment 

Angle between the disc velocity vector and 
the X-axis 

Gravitational constant 

Unit vector along the X-axis 

Unit vector along the Y-axis 

Disc moment of inertia 

(1)* Added moment of inertia of the disc 

(2)* Added mass of the disc 

(1) Moment of inertia of the disc 
(2) Mass  of the disc 

Drag coefficient 

(1) Spring constant 

(2) Spring constant 

Angle measured from r to the disc face, 
positive in the same direction as 0 

Radial distance from the pivot point to 
the center of gravity 

Dimension 

inches 

inches 

2 

2 

degrees 

degrees 

feet 

pounds 

seconds 

degrees 

ft/sec2 

1 

1 

2 in. lb sec 
2 in. lb sec 

lb sec2/in. 

2 in. lb sec 

lb sec2/in. 

1 

in. lb/rad 

lb/in. 

degrees 

inches 

. 

*The (1) refers  to the definition when applied to a swing disc check valve, and the (2) refers to the defini- 
tion when applied to a linear motion disc check valve. 
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Symbol 

r 
P 

P 

T 

TD 

TS 

TW 

O 

B 

1 1  

0 

vR 

wb 

Subscripts 

t 

t + dt 

Definition 

Radial distance from the pivot point to the 
center of disc face area 

Density of the fluid 

Torque 

Torque on the disc due to the viscosity of 
the fluid 

Spring torque 

Weight torque 

(1) Angular displacement of the disc from 
the vertical line down from the pivot 
point; angle is positive in the disc 
opening direction. 

(2) Displacement of the disc from the fully 
closed position 

(1) Angular velocity of the disc 

(2) Linear velocity of the disc 

(1)  Angular acceleration of the disc 

( 2 )  Linear acceleration of the disc 

(1.) Initial angular spring displacement 

(2) Initial linear spring displacement 

Vector velocity of the disc 

Vector velocity of the fluid 

Magnitude of the fluid velocity = 10, I 
Vector velocity of the disc velocity vector 
relative to the fluid velocity vector 

Magnitude of the disc velocity relative to 
the fluid velocity 

(1) Buoyant weight of the disc 
(2) Buoyant weight component of the disc 

parallel to the axis of disc motion 

Beginning of the time step 

End of the time step 
* 

Dimension 

inches 

lb/ft3 

in. lb 

in. lb 

in. lb 

in. lb 

radians 

inches 

rad/sec 

in. /sec 

rad/sec 

in. /sec 

2 

2 

degrees 

inches 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

pounds 

pounds 

I 
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D O i 8 8  5 A L T C 2  F U L S G  3 6 9 0 1 3 6 4 D E B U G  
I D l 8 8  

AB SOLUTES 
I D E N T  I F Y F  

I O U N I T S F C T I ~ 8 T ~ 1 2 ~ 1 0 ~ 2 2 ~ B ~ J F E R l - ~ ? O ~ l O T ~ ~ ~ 2 2 ~ ~ U F F R 2 ~ ~ U F ~ R 3 %  
DIP!EP.ISION C A R D ( 1 0 ) 9 C 4 R O C ( 1 0 ) , 4 N G ( l 2 ) ~ D R A G  (12),THET(12),VEL(12)9TV 

1 ( 12 1 ,STOi lE(  1 2  1 ,PCDJ( 12 1 
Gi) TO 5 5 7  

1 0 2  STOP 
2 FORMAT ( 1 3 X  9 l i i A 6  9 2X 1 
3 FORMAT ( 8 X , I 2 , 6 F 1 0 * 5 )  
4 FOLI4AT ( 1 H 1 + 2 5 X 9 5 2 H 3 L A P  CODE M 0 1 8 8  CHECK V A L V E  S L A P  PRESSURE S 

5 FORMAT ( l H C L 9 1 3 A 6 )  
1URGE. 925X96 ' iPAGE 913 

- 6  FORVAT ( 9 5 H D  THERE I S  A N  INC3RRECT INPUT CARD SECUFNCE. T H I S  PROS 
l L E Y  D I D  NOT RUN. 1 

7 FORKAT ( 8 x 9 1 2 )  
8 FORP'AT ( l H C 9 5 X 9 1 2 H I Y P V T  E D I T .  1 
10 FORlJAT ( 3 6 H C T H k  FOLLObI ING PROBLEMS D I D  NOT RUN0 1 
11 F3:II.iAT ( 1 H  1 3 A 6 )  
12 F 3 E Y A T  ( 4 3 H J D E N S I T Y  O F  F L U I D  ( L B S / F T  C 'JBE)=F13 .4 ,4X942H 

1 I X I T I A L  FLU13 V E L O C I T Y  ( F T / S E C ) = F 1 3 . 4 )  
14 F C i i P A T  ( 4 3 H  5PEED OF SOUND ( F T / S E C ) = F 1 3 * 4 9 4 X 9 4 2 H  

l F U L L  OPEN ANGLE FROY V E 9 T I C A L  ( U E G ) = F 1 3 . 4 )  
1 5  FORIV'AT ( 4 3 H  F U l L  CI-OSED 4NGLE FROM V E R T I C A L  ( DEG 1 =F13 0 4  4 X  9 4 2 H  

l D I S C  FACE AIdGLE ( C E G ) = F 1 3 . 4 )  
16 FORI'AT ( 4 3 H  F I N I T E  D I F F F R E N C E  INCRFMENT ( S E C ) = F 1 3 . 4 9 4 X 9 4 2 Y  

1 i ) I P E  AREA ( I N  S Q ) = F 1 3 . 4 )  
1 7  F09b1AT ( 4 3 t i  P I V O T  TO CG ARM ( I M ) = F 1 3 * 4 9 4 X 9 4 2 H  

1 P I V O T  TO CENTER O F  AREA ( I N ) = F 1 3 . 4 )  
18 FORMAT (421-1 S P R I N G  COVSTANT (IN-LBS/@EG)=F13.494X942H 

1 I N I T I A L  S P R I N G  CISPLACEE;El\iT ( D E G ) = F 1 3 . 4 )  
1 9  FGRCiAi  ( 4 3 H  DISC I N E 2 T I A  ( I N - L E - S E C  S Q ) = F 1 3 0 4 9 4 X , 4 2 H  

1 D I S C  FACE AREA ( I N  S Q ) = F 1 3 . 4 )  
2 5  FOR;/AT (431-1 CONVERGErICE C R I T E R I O N  ( / S EC SQ 1 =F 1 3 4 9 4 X 9 4 2 H 

1 i9AXI I4JM I N T E G R A T I O N  T I M E  ( S E C ) = F 1 3 . 4 )  
2 1 
2 2  FORXCT ( 1 H  9 1 4 X ~ l l H C O E F F I C I E N T , 2 S X , 1 2 H D U E  TO W A T E R , 3 2 X 9 8 H V E L O C I T Y )  

F OR i" A T ( 1 H c' 9 1 8 X 9 4 FDR ,f G 9 3 1 X 9 1 3 H AD DE D I NE'? T I A 9 3 3 X 9 5 Pb'A T E R 

2 3  FO;;;\i.iAT 

2 4  FOIIiqAT ( 1 H  ) 
2 5  FORCiAT ( i H  9 F 1 5 . 4 9 5 F 2 0 . 4 )  
26 F C R 8 k T  (12YL OUTPUT 

( 1H 
1 I1"IE 9 1 4 X 9 8 H V E L O C  I T Y )  

9 E X  9 5HANGLE9 1 6 x 9  SPVALUE, 1 5 X  9 5HANGLE 9 1 6 x 9  SHV/\-L!!E, 1 5 X  9 5 H T  

2 8  F O R k A T  (1HC,9X9StIAILGLE J F 9 4 X 9 8 H  D I S C  9 5 X 9 1 0 H  D I S C  9 6 X 9 1 0 H  



1 d E I G H T  9 5 X 9 l O H  FLOW 9 5 X 9 1 0 H  S P R I N G  9 5 X 9 1 0 H  I N E R T I A  95X99H 
2 WATER 1 

2 9  FORNAT ( 5 H  T I M E 9 5 X 9 9 H  D I S C  95X98HANGULAR 9 5 X 9 1 0 H  ANGULAR 9 5 x 9 1  
1 0 H  MOMENT 9 5 X 9 1 3 H  MOMENT 9 5 X 9 1 O H  MOMENT 9 5 X 9 1 0 H  MOMENT 9 5 X  
2 9 9 H  V E L O C I T Y )  

30 FORMAT ( 1 H  9SX99HFROM V E R T 9 5 X , 8 H V E L O C I T Y , 5 X , 1 O H  ACCELERo 1 
3 1  FORMAT ( 6 H  ( S E C ) , 4 X , S H ( D E G R E E S ) , 5 X , Y H ( R A D / S E C ) , 3 X , 1 2 H ( R A D / S E C  S O ) ,  

1 5 X , 8 H ( I N - L 5 S ) ~ 7 X ~ 8 ~ ( I N - L 5 S ) ~ 7 X ~ 8 H ( I N - L 5 S ) ~ 8 X ~ 8 H ( I N - L B S ) ~ 6 X ~ 8 H ( F T / S  
2 E C )  1 

32  FORMAT ( 1 H  9F5.39 2 F 1 3 . 4 , 5 F 1 5 . 4 9 F 1 4 . 4 )  
33  FORMAT (1H / / /  1911-1 THE C O N D I T I O N S  OF THE C A L C U L A T I O N S  EXCEEDED T H  

1 E  VALUES OF THE INPLJT T A B L E S  FOR THE DRAG C O E F F I C I E N T . )  
3 4  FORMAT ( 2 4 H O T H E  I N I T I A L  V A L V E  4 N G L E 9 5 4 X 3 7 t l ( D E G )  =F12.4) 
3 5  FORMPT ( 8 5 H  THE E X T I N G U I S H E O  V E L O C I T Y  BASED ON THE EQUATIONS OF PO 

36 FORMAT ( 8 5 H  THE DELTA P CORRESPONDING TO T H I S  E X T I G U I S H E D  V E L O C I T Y  

3 7  FORMAT ( 8 5 H  THE E X T I N W I S H E D  V E L O C I T Y  FjASED ON THE SWEPT OUT VOLUM 

l T I O N  ( F T / S E C )  =F12.4)  

1 { P S I )  =F12.4)  

1 E  THEORY ( F T / S E C )  = F 1 2 . 4 )  
3 8  FORKAT ( 5 1 H l T H I S  PROBLEM EXCEEDED THE S P E C I F I E D  T I M E  L I M I T  O F  9 

1 F3.1 9 1 0 H  SECONDS. 1 
3 9  FORMAT ( 4 3 H  D I S C  VOLUME ( I N  C U B E ) = F 1 3 o 4 , 4 X 9 4 2 H  

11UEIGHT OF C I S C  ( L B S  1 = F 1 3  0 4  1 
40 FORMAT ( 4 3 H  D I S C  VOLUME ( I N  CUBE 

4 1  FOR6AT ( 4 3 H  WEIGHT OF D I S C  ( LES 

42 FCRKAT ( 4 3 H  D I S C  ANGLE Ft3R P I V O T  CHANGE ( DEG 

l G E N S I T Y  OF D I S C  METAL ( LRS ) =F 1 3  - 4  1 

1 D E N S I T Y  O F  D I S C  I-IETAL ( L B S / F T  C U B E ) = F 1 3 . 4 )  

1 D I S C  FACE ANGLE AFTER P I V O T  CHANGE ( D E G ) = F 1 3 . 4 )  
43  FORVAT ( 4 3 H  P I V O T  TO CG ARM AFTER P I V O T  CHANGE ( I N ) = F 1 3 * 4 , 4 X , 4 2 H  

1 P I V O T  TO CENTER 3 F  ARE4 AFTER CHANGE ( ! N ) = F 1 3 0 4 )  
44  FOR1/4T ( 4 3 H  SPKI?\IG CgNSTANT AFTER CHANGE ( I N - L H S / D E G ) = F ~ ~ O ~ ~ ~ X , ~ ~ Y  

1 I N  S P R I N G  @ I S P L A C E  AFTER CHhNCJE ( D E G ) = F 1 3 . 4 )  
45 FORP~AT ( 4 3 H  D I S C  I h E k T I A  AFTER CHAhGE ( I N - L B - S E C  S Q ) = F 1 3 . 4 9 4 X , 4 2 H  

1 F  I N I T  E D I FFERENCE I NCRFMENT ( S E C  1 z F 1 3 . 4  1 
46 FORMAT (1H / / /  9 7 H  THC C O N D I T I O k S  OF THE C A L C U L A T I O N S  EXCEEDED T H  

1 E  VALLES OF THE INPLJT T A B L E S  FOR V E L O C I T Y  VS T IME. )  
47 F3Rf' iAT (It1 / / /  Y3i-I T q E  C O N D I T I O N S  OF THE CqLCLJLATIONS EXCEEDED T H  

4 8  FORVAT (Id / / /  1381 THE C O N D I T I O N S  OF THE CALCIJLATIONS EXCEEDED T H  

49 FORMAT (1t-1 / / /  9 3 H  THE C O N D I T I O N S  OF TFE C A L C U L A T I O N S  EXCEEDED T H  

1 E  VALUES O F  THE I N P ' I T  V'ILUES AT STATEMENT 2 4 2 . )  

1 E  VALUES OF THE I N P U T  V 4 L U E S  FOR THE ADDED POMENT OF I N E R T I A . )  

IE VALUES OF THE INPlJT V A L U E S  AT STATEMELT 2 8 1 . )  
59 FOliClAT ( 1 H  / / /  9 3 H  THE C O N D I T I O N S  O F  THE C A L C U L A T I O N S  EXCEEDED T H  



1 E  VALUES OF THE INPUT VALUES A T  STATEMENT 138 . )  
5 1  FORMAT ( 5 7 H 3 T H E  ARTICULATED VALVE HAS CHANGED P I V O T S  AT T H I S  P O I N  

5 2  FORMAT ( 1H / / /  1 0 4 r  THE I N I T I A L  V E L O C I T Y  I S  S U F F I C I E N T  T O  CLOSE 

5 3  FORMAT (1H / / /  9 3 H  THE CONDIT IONS OF THE CALCULATIONS EXCEEDED TH 

5 4  FORPIAT ( 1 H  / / /  9 3 H  THE CONDIT IONS OF THE CALCULATIONS EXCEEDED r t i  

5 5  FORMAT ( 1 H  / / /  2 0 H  THE VALVE I S  OPEN. 1 

1T .  1/11 

I T H E  VALVE. THUS THE TRANSIENT I S  FROM THE CLOSED P O S I T I O N .  

1 E  VALUES OF THE INPUT T A B L E S  A T  STATEMENT 2 9 7 . )  

1E VALUES O F  THE INPUT TABLES A T  STATENENT 300.:  

5 6  FORMAT ( 4 3 t i  VELOCITY T O  HOLD D I S C  SEATED ( F T / S E C ) = F 1 3 . 4 )  
57 FORM4T ( 4 3 H  SPEED OF SOUND ( F T / S E C ) = F 1 3 . 4 9 4 X , 4 7 H  

l F U L L  OPEN P O S I T I O N  ( I N ) = F 1 3 . 4 )  
5 8  FCRPiAT ( 4 3 H  SPRINC C O N S T A ~ I  ( L B S / I N ) = F 1 3 . 4 , 4 X , 4 2 H  

l I N I T I A L  SPRING DISPLACEYENT ( I N  = F 1 3 . 4 )  
5 9  FORMAT ( 4 3 H  C ROSS-SECT I ONAL AREA ( I N - S Q ) = F 1 3 . 4 9 4 X 9 4 2 H  

l F I N I T E  D IFFERENCE INCREMENT (SEC 1 = F 1 3  m4 
6 0  FORMAT ( 1 H  ~ 7 X ~ 8 H P O S I T I O N ~ 1 4 X ~ 5 ~ V A L U E ~ l 3 X ~ 8 H P O S I T I O N ~ l 3 X ~ 5 H V A L U E ~  

1 1 6 X  94HT IME 9 1 3 X  98HVELOCITY 
6 1  FORMAT ( 5 H  T I M E 9 6 X 9 8 H  D I S C  9 5 X 9 5 H  D I S C  9 5 X 9 1 0 H  D I S C  9 5 x 9  

l l O H  FLOW 9 5 X 9 1 0 H  S P R I N G  9 5 X 9 1 0 H  I N E R T I A  9 5 X 9 9 H  WATER 
6 2  FORKAT ( 1 H  9YX99H P O S I T I 3 N 9 5 X 9 8 H V E L O C I T Y , 5 X , 1 O H  ACCELER. 9 5 x 9  

1 l i ) H  FORCE 9 5 X 9 1 0 H  FORCE 9 5 X 9 1 0 H  FORCE 9 5 X 9 9 H  V E L O C I T Y  1 
6 3  FOKMAT ( 6 H  ( S E C ) 9 5 X 9 8 H ( I N C H E S ) 9 5 X ~ 8 H ( I N / S E C ) , 5 X , 1 1 H ( I N / S E C  S Q I 9 4 X 9  

l l O H  (PO'JNDS)  9 5 X 9 1 0 H  (POUNDS)  9 5 X 9 1 0 H  (POUNDS) 9 5 X 9 9 H  ( F T I S E C )  1 
6 4  FORMAT ( 1 H  / / /  9 3 H  THE C O N D I T I O N S  O F  THE CALCYLATIONS EXCEEDED THE 

1 VALUES OF THE I N P U T  TABLES A T  STATEMENT 3 3 8 . )  
6 5  FORMAT ( 1 H  9F5.39 2 F 1 3 .  4 94F15.4  ~ F 1 4 . 4  1 
6 6  FORMAT ( 4 3 H  CONVERGENCE C R I T E R I O N  ( I N C H E S ) = F 1 3 . 4 , 4 X 9 4 2 H  

l M A X I M U M  I N T E G R A T I O h  T I M E  ( S EC =F13.4 1 
67 FORMAT ( 1 H 3 9 2 3 H  THE OPTIONS CHOSEN ARE / 1 1 H  O P T I O N  1 = 1 3  9 7 x 9  

l l O H O P T I O N  2 = I 3  ,7X , lOHOPTION 3 =I3 97X11OHOPTION 4 = I 3 1  
6 8  FORMAT ( 2 7 H 3 T H E  I N I T I A L  VALVE P O S I T I O N 9 4 5 X 9 9 H (  INCHES ) = F 1 2 . 4 )  
6 9  FORMAT ( i H  / / /  6 9 H  THE F IN1 ,TE D IFFERENCE INCREMENT CHOSEN FOR TH 

1 1 s  PROBLEM IS T O 3  LARGE / 
2 6 1 H  FOR CONVERGENCE. I T  HAS BEEN DECREASED BY A FACTOR OF 10 TO F 5  
3 0 4 9 4 H  SECONDS. / / /  ) 

7 0  FORMAT ( 1 H  / / /  6 9 H  THE DECREASED F I N I T E  DIFFERENCE INCREMENT HAS 
1 NOT BEEN S U F F I C I E N T  TO / 6 9 H  PROMOTE CONVERSION AFTER 500 I T E R A  

3D I F  NO I N P U T  ERRORS ARE DETECTED THAT THE / 6.9#- PROBLEM BE RESUBM 
2 T I O N S o  I T  I S  RECOMENDED THAT THE / 6 9 H  INPUT DATA 3 E  REVIEWED AN 

4 I T T E D  WITH A SMALLER F I N I T E  D IFFERENCE INCREM.@$I.OA. \ 

7 1  FORMAT ( 1 H  / / /  6 9 H  THE ARTICULATED VALVE REQu&W A MUCH SMALLER 
l F I N I T E  D IFFERENCE / 6 9 H  INCREMENT B E T W E E N T ~ ~ E  CLOSED P O S I T 1 0  



P 
W 

2N AND THE D O S I T I O N  FOR / 69H A R T I C U L A T I O N  THAN AFTER 
3 A R T I C U L A T I O N .  THEREFORE, DURING THE FORMER / 6 9 H  I N T E R V A L ,  THE S 
4 P E C I F I E C  INCREMENT I S  REDUCED B Y  A FACTOR OF 1'3. / / /  1 

72 FORMAT ( 4 3 H  P I P E  AREA ( I N  S Q ) = F 1 3 . 4 i  
73 FORMAT ( 2 H 1 9  LOX,82"SLAM COOE M0188 CHECK VALVE SLAM PRESSURE S 

1URGE. C O M P I L E D  OCTOBER 1962. 1 

1 E A  ( D E G ) =  F13.4) 
74 FORMAT ( 8 5 H  ANGLE 3ET;L'EEN L I N E S  FROM P I V O T  TO CG AND CENTER OF AR 

75  FORMAT ( 8 5 H  ANGLE aETb!EEi\! L I N E S  FROM P I V O T  TO CG AND CENTER O F  AR 
1 E A  AFTER P I V O T  CHANGE ( D E G ) =  F 1 3 . 4 )  

5 5 7  W R I T E  OUTPUT T A P E  10973 
100 READ I N P U T  T A P E  5 ~ 3 , 1 1 , ( S T O R E ( I 2 ) , 1 2 = 1 , 6 )  

C CARD 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

1 , 1 7 0 , 1 7 1 , 1 7 3 ~ 1 7 5 , 1 7 7 , 2 5 5 ~ 2 6 3 ,  179,102),11 
GO TO ~ 1 0 1 ~ 1 4 2 ~ 1 4 2 ~ 2 ~ 6 ~ 1 5 1 ~ 1 5 2 ~ 1 5 3 ~ 1 ~ 4 ~ 1 5 6 ~ 1 5 8 ~ 1 6 0 ~ 1 6 2 ~ 1 6 4 ~ 1 6 6 ~ 1 6 8  

C 16 17 1 8  19 2 3  2 1  22 23 2 4  
C T H E  PRECEGING TWO STATEAMEN READ AND STORE I N P U T  DATA 

206 J U M P l = S T O R E (  1 )  
C A 1. I N  COLU!IINS 11-2C' CAUSES P R I N T  OUT AT EVERY TENTH T I M E  INCRE- 
C MENT. A 2 .  E L I M I N A T E S  4 L L  I N T E R M E D I A T E  DATA. 

JUMP2 = S T O R E ( 2 )  
C A 1. I N  COLLIMNS 2 1 - 3 3  E L I M I N A T E S  THE I N P U T  E D I T .  

JUFtP3 = STORE ( 3 1 
C A 1. I N  COLUMNS 31-43 I K D I C A T E S  AN A R T I C U L A T E D  VALVE. 
C A 2. I N  CCLUMNS 31-43 I N D I C A T E S  A L I N E A R  MOTION VALVE. 

J U M P 4  = STORE ( 4  1 
C A 1. I N  COLUMNS 41-50 INDICATES AN OPENING TRANSIENT FROM CLOSED 
C P O S I T I C N  AN2 A 2. I N U I C A T E S  AN O P E N I N G  T R A N S I E N T  FROM SOME I N T E R -  
C M E D I A T E  ANGLE 

JUMP5 = STORE(  5 1 
JUMP6 = S T O R E ( 6 )  
GO TO 100 

101 I 3  = 1 
R E A D  I N P U T  T A P E  8,2,CARD,CARDO 
GO T O  100 

W R I T E  OUTPLJT T A P E  1 0 9 5  
142 JUMP = 1 

C FOR ANY PROBLEM, CARDS 192 AND 3 MUST BE 1N.SEQUENCE. I F  NOT I N  
C SEQUENCE, T H E  PROBLEiM AND A L L  OTHERS P R E C E D I N S  A 2 4  CARD ARE NOT 
C PER FORMED 

I 1 0  = I 1 0  + 2 
143 READ I N P U T  T A P E  8 , 7 9 1 1  

I F  ( 11-1 ) 102 ,144 ,145  
1 4 5  I F  ( 1 1 - 2 2 ]  143 ,10L ,102  



1 4 4  READ INPUT TAPE 8929CARD9CARDO 
I F  ( 5 5 - 1 1 0 )  1 4 8 9 1 4 7 , 1 4 7  

WRITE OUTPUT TAPE 1 0 9 4 9 1 3  
I10 = 2 

1 4 8  I 3  = I3 +1 

1 4 7  GO TO ( 1 4 9 9 1 5 0 ) , J U M P  
1 4 9  WRITE OUTPUT TAPE 10910 
1 5 0  WRITE OUTPUT TAPE 1095 ,CARD 

WRITE OUTPUT TAPE 1095,CARDO 
I 1 0  = 1 1 0  + 5 
JUMP = 2 
GO TO 1 4 3  

1 5 1  Rho = S T O R E ( 1 )  
V I N  = S T O R E ( 2 )  
CSOUND = S T O R E ( 3 )  
V M I N  = S T O R E ( 4 )  
AKEAP = S T O K E ( 5 )  
BETA =STORE ( 6 1 

GO TO 100 
1 5 2  ALL1 = S T O R E ( 1 )  

A O D F  = S T O R E ( 2 1  
P H I  = S T O R E ( 3 )  
D V O L  = S T O R E ( 4 )  
w = S T a R E ( 5 )  
RHOY = STORE(6) 

G 3  T O  1 G G  

I F  ( 5 i O R E  ( 2 ) )  2 5 3 , 2 5 2 , 2 5 3  

b0 TO 2 5 4  

C T H I S  SEQUENCE STORES C A T A  ON CARD 5. 

c T i i I S  SEQUENCE STORES C A T A  ON C A R 3  6 .  

1 5 3  RBAR = S T O R E ( l )  

2 5 2  RPC = S T C ) K E ( l )  

2 5 3  XPL = S T O R E ( 2 )  
2 5 4  S P R I N K  = S T Q R E ( 3 )  

THETA I =STORE ( 4  ) 
D I S C J = S T O R E (  5 1 
AREA = STORE ( 6 )  

GO TO 1 G G  
C T H I S  SEdUENCE S T O R t S  DATA ON CARD 7. 

154 DO 1 5 5  I l l = 1 9 6  
1 5 5  T H E T ( I 1 1 )  = S T O R E ( I 1 1 )  

C T d I S  SEOLENCE STORES DATA ON CARD 8. 
GO T O l b C  

1 5 6  DO 1 5 7  Ill=1,6 



@ '  4 

1 5 7  

1 5 8  
1 5 9  

C 

169 
1 6 1  

C 

1 6 2  
1 6 3  

C 

164 
1 6 5  

166 
1 6 7  

C 

1 6 8  
1 6 9  

C 

1 7 0  

C 

1 7 1  
1 7 2  

C 

1 7 3  
1 7 4  

C 

1 7 5  
1 7 6  

C 

T H E T ( I 1 1  + 6 )  = S T O R E ( I 1 1 )  
T H I S  SEQUENCE -STORES DATA ON CARD 
GO TO 1 G O  
DO 1 5 9  I l l = 1 9 6  

D R A G ( I 1 1 )  = S T O R E ( I 1 1 )  
T H I S  SEQUENCE STORES DATA ON CARD 
GO TO 100 
DO 1 6 1  1 1 1 ~ 1 9 6  
DRAG ( 1 1 1 + 6 )  = STORE ( 1 1 1 )  
T H I S  SEQUENCE STORkS DATA ON CARD 
GO TO 100 
DO 1 6 3  I l l = 1 9 6  
A D D J ( I 1 1 )  = S T 3 R E ( I 1 1 )  

GO TO 100 
DO 1 6 5  1 1 1 x 1 9 6  
A D D J (  I 1 1 + 6  1 = S T O R E (  I11 1 
T H I S  SEQUENCE STORES DATA ON CARD 
GO TO 100 
DO 1 6 7  I11 = 1 9 6  

ANG( Ill) = STORE(  I l l )  
T H I S  SEQUENCE STORES DATA ON CARE 
GO TO 100 
DO 1 6 9  I l l = 1 , 6  
A N G ( I 1 1 + 6 )  = S L O R E ( I 1 1 )  
T H I S  SEQUENCE STORES DATA ON CARD 
GO TO 1 0 0  
E P S I L O  = S T O R E ( l )  
T IMES =STORE ( 2  1 
BT =STORE ( 3 1 
T H I S  SEQUENCE STORES DATA ON CARD 
GO TO 100 
DO 1 7 2  I l l = 1 , 6  
VEL(I11) = S T O R E ( I 1 1 )  
T H I S  SEQUENCE STORES DATA ON CARD 
GO TO 100 
DO 1 7 4  I11 = 1 9 6  

V E L ( I 1 1 + 6 )  = S T O R E ( I l 1 )  
T H I S  SEQLJENCE STORES DATA O N  CARD 
GO TO 1 0 0  
DO 1 7 6  I l l = 1 , 6  
T V ( I l 1 )  = S T O R E ( I 1 1 )  
T H I S  SEQUENCE ST3RES DATA ON CARD 
GO TO 109 

THIS SEQUENCE STORES D A T A  or4 C A R D  

9 .  

10. 

11. 

7 - 3  I L .  

13.  

1 4  

15 .  

16. 



I 

1 7 7  DO 1 7 8  1 1 1 = 1 + 6 -  
1 7 8  T V ( I 1 1 + 6 )  = S T O R E ( I 1 1 )  

C T H I S  SEQUENCE STORES DATA ON CARD 2 0 .  
GO TO 100 

2 5 5  AAS = S T O R E ( 1 )  
P H I A  -- S T O R E ( 2 )  
RBARA = S T O R E ( 3 )  
I F  ( b T O R k ( 4 ) )  2 6 0 , 2 6 1 9 2 6 ~  

2 6 1  RPCA = S T O R E ( 3 )  
GO T O  2 6 2  

2 6 0  RPCA = S T O R E ( 4 )  
2 6 2  SPRNKA = S T O R E ( 5 )  

THETAA = STOREL61 

GO TO 1 0 0  

BETAA=STORE ( 2 1 
GO TO 1 0 0  

C T H I S  SEQUENCE STORES THE DATA ON CARD 21. 

263 D I S C J A = S T O R E ( l )  

C T H I S  SEQUENCE STORES THE DATA ON CARD 22. 
1 7 9  J E S T 2  ,= J U M P 2 + 1  

* R T E M l  =RBAR 
RTEM2 =RPC 
ATEM2 =BETA 
P H I T E M = P H I  
SKTEM = S P R I N K  
THETAT=THETA I 
DJTEM = D I S C J  
J E S T l = J U M P l  + 1 
I 2 1  = 0 
I 2 2  = 0 
1 2 3  = C 
J E S T 3  = JUMP3 + 1 
J UCiP 1 4 = J C S T 3 
J E S T 4  = JUMP4 + 1 
J E S T 5 = J U M P 5 +  1 
I 3 = 1  
WRITE OUTPUT TAPE 1 0 , 4 9 1 3  
WRITE OUTPUT TAPE 1035 ,CARD 
W i i I T E  OUTF'UT TAPE ?O, l l ,CARDO 
I 1 0  = 6 
kvRITE OUTPUT TAPE 13,67,JUMPl,JURP2,JUMP3,JUMP4 
I 1 3 = I  19+4 
G G  T G ( 2 3 7 t 5 ~ 3  , - ' E S T 5  

2\27 GO T O  (239,2LO), J E S T 2  

I' 



c 1 I e 

tu w 

2 c 9  WRITE OUTPUT T A P E  i o 9 e  
WRITE OUTPUT TAPE 13,12 ,RHO,VIN 
GO TO ( 3 2 1 , 3 2 1 , 3 2 2 ) 9  J E S T 3  

3 2 2  WRITE OUTPUT TAPE 10 t579CSOUND,AOCI  

3 2 1  WRITE OUTPUT TAPE ~ O I ~ ~ , C S O U N D , A O D I  
GO TO 2 6 4  

WRITE OUTPUT TAPE 1 0 9 1 5 , A O D F , P H I  
GO TO ( 2 6 4 , 2 6 5 , 2 6 4 1 9  J E S T 3  

2 6 5  WRITE OUTPUT TAPE 1 0 9 4 2 9 A A S , P H I A  
2 6 4  I F  ( W 1 2 3 0 ~ 2 3 1 9 2 3 0  
2 3 0  I F  ( D V O L I  2 3 2 , 2 3 3 , 2 3 2  
2 3 2  WRITE OUTPUT TAPE 13r39,DVOL,W 

WBOUY = W - ( R H O  -3 DVOL / 1 7 2 8 . )  
GO TO 2 3 4  

23'1 I F  ( R H O M I  2 3 5 , 2 3 6 9 2 3 5  
2 3 6  RHOM = 4 5 7 .  
2 3 5  WRITE OUTPUT TAPE 10940,DVOL,RHOM 

WBOUY = DVOL * (RHO14 -RHO) / 1 7 2 8 .  
W = DVOL * RHO9 / 1 7 2 8 .  
GO TO 2 3 4  

2 3 3  I F  (RHOMI 2 3 7 , 2 3 8 , 2 3 7  
2 3 8  RHOM = 4 8 7 .  
2 3 7  WRITE OUTPUT TAPE 1 0 9 4 1  9d9RHOM 

2 3 4  GO TO ( 3 2 4 , 3 2 5 , 3 2 6 1 9  J E S T 3  
3 2 4  WRITE OUTPUT TAPE 1 0 9 1 7 9 R B A R 9 R P C  

3 2 5  WRITE OUTPUT TAPE 13,17,i?E?AR1l?PC 

2 6 6  !5 'RITE OUTPUT TAPE ~ ~ I ~ ~ , S P R I N K , T H E T A I  

2 6 9  Y R I T E  OUTPUT TAPE ;0,44,SPRNKA9THETAA 
2 6 8  LJRITE OL'TPL'T TAPE 1 0 , 1 9 , 3 I S C J , A R E A  

2 7 1  WRITE OC'TPUT TAPE 1 4 9 4 5  ,DICCJA,CT 
X R I T E  OUTP'JT T,IPC 1 3 ~ 2 0 , E P S I L C , T I Y E S  
WRITE OL'TPL'T TAPE 1 0 , 7 2 3 A R E A P  
GO T O  2 7 2  

b,'RITE OLJTPUT TAPE 13,59,AREA,DT 
WRITE OUTPJT TAPE ~ C , ~ ~ , E P Z I L C , T I ~ ' I E S  
d X I T E  OIJTPUT T A P E  1 2 , 7 2 9 A R E A P  
WRITE 0UTP:JT TAPE 1 3 9 7 4 , Y E T A  
WRITE OLJTPUT TAPE ;0,75,3ETAA 

WBOUY = W * (  1 - (RHO /;IHOF! 1 )  

GO TO 2 6 6  

WRITE OUTPUT TAPE 199439RBARA9RPCA 

GO TO ( 2 6 8 , 2 6 9 9 1 1 : )  9 J E S T 3  

GO TO ( 2 7 8 , 2 7 1 , 1 3 3 ! 9  J E L T 3  

3 2 6  WRITE OUTP'JT T A P E  1 3 9 5 8 r S P R I Y K , T H i T A I  



GO TO 2 7 2  

\.$!RITE OUTPJT TAP? 1 2 9 1 6 9 3 T  ,AREA!' 
WRITE OUTPUT TAPE 1 0 9 7 4 9 B E T A  

2 7 2  GO TO ( 3 0 9 , 3 L O , 3 1 0 ) 9 J E S T 4  
3 1 0  WRITE OUTPUT TAPE 1 0 9 5 6 9 V M I N  
3 0 9  WRITE OUTPUT TAPE 1 0 9 2 1  

WRITE OUTPJT TAPE 1 C 9 2 2  
GO TO ( 3 2 7 , 3 2 7 9 3 2 5 1 9  J E S T 3  

3 2 7  WRITE OUTPUT TAPE 1 3 9 2 3  
GO TO 3 2 9  

3 2 8  WRITE OUTPUT TAPE 13960 
3 2 9  WRITE OUTPUT TAPE 1 0 9 2 4  

l T V ( I l ) ~ V E L ( I l ) ~ I 1 = 1 , 1 2 )  

2 7 3  WRITE OUTPl lT TAPE 10 ,2C,EPSILO,T IMES 

WRITE OUTPLlT TAPE 1 0 ~ 2 5 ~ ~ T H ~ T ~ I l ~ ~ @ R A G ~ I l ~ ~ A ~ ~ G ~ I l ~ ~ A ~ D J ~ I 1 ~ ~  

1 3 =  2 
WRITE OUTPUT TAPE 11394913 
WRITE OUTPUT TAPE 1 0 9 5 9 C A R D  
WRITE OUTPUT TAPE 1C9119CARDc 

2 1 0  I F  (RHOM) 2 4 7 , 2 4 8 9 2 4 7  
2 48 RHOM='+87 
2 4 7  WRITE OUTPUT TAPE 1 0 9 2 6  

I F  ( W )  3 5 2 , 3 5 3 , 3 5 2  
3 5 3  W = DVOL * RHOPA,/ 1 7 2 8 .  
3 5 2  GO TO ( 3 3 1 9 3 3 1 9 3 3 3 ) 9  J E S T 3  
3 3 0  LJRITE OUTPUT TAPE 1 0 9 6 1  

WRITE OUTPUT TAPE 10962  
WRITE OUTPUT TAPE 1 0 9 6 3  
GO TO 3 3 2  

331 WRITE OUTPUT TAPE 1 0 9 2 8  
WRITE OUTPUT TAPE l Q 9 . 2 9  
WRITE OUTPUT TAPE 10933 
WRITE OUTPUT TAPE 1 0 9 3 1  

WRITE OUTPUT TAPE 1 3 9 2 4  
3 3 2  I 1 0 = 1 3  

1 8 0  CONTINUE 

2 8 7  ATEM=AODI  
GO T O 2 8 9  

2 8 8  ATEM = AODF 

' 2 2 8  GO TO ( 2 8 7  9 2 8 8  9 2 8 7  1 3  J E S T 4  

2 8 9  DO 1 0 h  I 2 = 2 9 1 2  

1 0 4  CONTINUE 
1 3 1  WRITE OUTPUT TAPE 1 0 9 3 3  

I F ( A T  EM+ P t i  I T EM- THET ( I 2 1 ) 13 13 1 0 5  9 1 9 4 

. f '  



" I  t , 1 

GO TO 100 

GO TO 3 5 4  

DCOE = ( ( D R A G ( I 2 ) / D R A G ( I 2 - 1 ) ) ~ ~ * E X P O N )  " D R A G ( I 2 - 1 )  

1 0 5  CCOE = D R A G ( I 2 )  

1 3 0  EXPON=(ATEM+PHITEM-THCT(I2-1))/(THET(I2)-THET(I2-1) 1 

3 5 4  GO TO ( l O 7 9 2 9 O 9 1 9 7 )  ,JEST4 
2 9 4  J E S T 4  = 2  

2 9 0  V = V M I N  
b!RITE OUTPUT TAPE 1 0 9 5 2  

GO TO ( 2 8 6 9 2 8 6 9 3 3 5 ) q  J E S T 3  
C T H E T  =ANGLES CORRESPONDING T O  INPUT D R A G  COEFFICIENTS ( D E G )  
C DRAG = I N P U T  DRAG C O E F F I C I E N T .  ( N O N E )  
C THE ABOVE I S  A L I N E A R  I N T E R P O L A T I O N  ON A SEMI-LOG PLOT 
C T H I S  I S  DCOE CORRESPONDING TO ATEM 

1 0 7  GO TO ( 3 7 0 r 3 7 0 9 3 7 1 ) r  J E S T 3  
3 7 1  V = S Q R T F (  ( 9 2 7 3 . 6 * ( S K T E M * ( A T E M - T t i E T A T ) + b \ B O Y Y )  ) / (DCOE*RHO*AREA)  ) 

3 7 0  V =SQRTF ( ( ( ( SKTEM9 ( ( A T E M  

3 7 2  I F  ( V I N  - V )  1 0 8 , 1 0 9 9 1 0 9  

GO TO 3 7 2  
) - T  t-IETA T 1 ) + ( WROU Y "RTEM1 * S  I NF ( A T  EM 

1 / 5 7 . 3 )  ) ) * 9 2 7 3 . 6 ) / ( D C O E - s R H O * A R E A * R T E M 2 * C O S F (  ( P H I T E M + A T E ~ , 2 ) / 5 7 . 3 )  ) 1 

C T H I S  I S  V E L O C I T Y  TO HOLD ATEPI 
c . v  =VELOCITY OF F L U I D  ( F T  / SEC 
C V I N  = I N I T I A L  VELOCITY OF F L U I D  ( F T  / SEC)  

C AREA =AREA OF D I S C  ( I N  SQ 1 
C T H I S  DETERMINES I N I T I A L  D I S C  ANGLE I F  NOT FULL OPEN. 

1 0 8  ATEM = ATEM - 0 0 5  

3 7 4  I F ( A T E M - A A S - P H I A + P H I  1 3 7 5 9 3 7 5 9 2 9 3  
3 7 5  GO TO ( 3 7 6 9 3 7 7 9 3 7 7 1 9  J E S T 4  

WRITE OUTPUT TAPE 1 0 9 5 1  
I l O = I  10+10 

3 7 7  RT EMl=RBARA 
RTEM2 =RPCA 
ATEM2 =BETAA 
SKT EM=SPRNKA 
P H I T E M = P H I A  
THETAT=THETAA 
D JTEM=D I S C J A  
JUMP 14= 1 

GO TO ( 3 7 3 9 3 7 4 9 3 7 3 )  9 JUMP14 

3 7 6  J E S T 3 = 1  

ATEM=ATEM-PHIA+PHI  
DT =DT / 10. 
1 2 3 = 1  
WRITE OUTPUT TAPE 1 0 9 7 1  



w 
Q, 

I 
I 
I 

3 7 3  
2 9 3  
1 3 2  

1 3 3  

3 3 5  

1 3 9  
3 7 9  
3 8 0  
3 8 1  
2 8 6  
3 3 6  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

2 9 5  

2 4 1  

2 4 0  
c 

2 9 7  

2 9 8  

2 3 9  

I 1 0 = I  10+1G 
GO TO 2 9 3  
I F  (ATEM-AODF)  2 9 4 9 2 9 4 , 2 9 3  
I F  (ATEW+PHITEM-THET(  1 2 - 1  1 )  1 3 2 9 1 3 3 , 1 3 0  
I 2  = I 2  - 1 
GO TO 1 3 3  
DCOE = DRAG ( 1 2 - 1 )  
GC) TO 107 
A9DT = ATEM 
GO T O  3 3 6  
GO TO ( 2 8 6 ~ 3 7 9 9 3 3 5 1 9 J E S T 3  
GO TO ( 2 8 6 9 2 8 6 9 3 8 0 1 9 J E S T 4  
GO TO ( 2 8 6 , 3 8 1 1 ,  JUMP14 
J E S T 3 = 1  
AODT = ATEM / 57.? 
A l D T  = A l D I  
A2DT=A2D I 
A 2 D T D T = A 2 D I  
AODT =ANGLE OF D I S C  C C W  FROM V E R T I C A L L Y  D0WN.A STANDS FOR PNGLE9 

A O D I  = I N I T I A L  ANGLE OF D I S C  

A I D 1  = I N I T I A L  VALUE OF F I R S T  D E R I V A T I V E .  ( R A D I S E C )  
A2DT =SECOND D E R I V A T I V E  A T  T I M E  T. (RAD/SEC S Q )  

AODTDT=AGD A T  T+DT 
A l D T D T = A l D  A T  T+DT 
AZDTDT=AZD AT T+DT 

OD STANDS FOR ZEROTH D E R I V A T I V E  AND T ST4NDS FOR T I N E  T 

A l D T  = F I R S T  D E R I V A T I V E  OF ANGLE AT T I M E  T o  ( R A D / S E C )  

A 2 D I  = I N I T I A L  VALUE OF SECOND D E R I V A T I V E .  ( R A D I S E C  S Q )  

D T = T I M E  INCREV,ET FOR F I N I T E  C IFFERENCE METHOD O F  I N T E G R A T I D N o ( S E C )  
GO TO ( 2 9 5 9 2 9 7 9 2 9 7 1 9  J E S T 4  
DO 2 4 1 9 1 2 ~ 2 9  12 
I F  ( V I N  - V E L (  1 2 ) ) 2 4 1 , 2 4 0 9 2 3 9  
CONT I NUE 
WRITE OUTPUT TAPE 1 0 9 4 6  
GO TO 100 
T I M E l  = T V ( I 2 )  
TV I S  T I M E  OF INPUT V E L O C I T Y  VEL ( F T / S E C )  ( S E C )  
GO TO 2 4 2  
DO 2 9 8  I 2  ~ 2 9 1 2  
I F  ( V I N  - V E L ( I 2 ) )  2 3 9 , 2 4 0 , 2 9 8  
CONT I NUE 
WRITE OUTPUT TAPE 1 0 9 4 6  
GO TO 1 0 0  
T I M E 1  = ( ( ( T V ( I 2 )  - T V ( I 2 - 1 ) ) *  ( V I N -  V E L ( I 2 ) ) )  / ( V E L ( I 2 ) - V E L ( I 2 - 1 )  

.O f 
t 



\ 

1 ) ) +  T V  ( 1 2 )  
C T H I S  DETERMINES T I M E  AT WHICH COAST DOWN BEGINS.  

2 4 2  GO TO ( 2 9 9 9 3 3 0 9 3 Q Q I 9  J E S T 4  
2 9 9  DO 110 1 2 0 ~ 2 9 1 2  

110 CONTINUE 
I F  ( V - V E L (  I 2 0  1 )  1 1 0 9 1 1 1 9 1 1 2  

WRITE OUTPUT TAPE 1 0 9 4 6  
GO TO 100 

3 0 0  DO 3 0 1  1 2 0 ~ 2 9 1 2  

3 0 1  CONTINUE 
I F  ( V - V E L (  I 2 0  1 )  1129  111 9 3 0 1  

WRITE OUTPUT TAPE 1 0 9 4 6  
GO TO 1 G C  

I 2 0  = 1 2 0  + 1 
GO TO 2 4 3  

1+ T V ( I 2 0 )  

111 T I M E  = T V (  I 2 0  

1 1 2  T I M E  = ( ( ( T V ( I 2 0 ) -  T V ( I ~ ~ - ~ ) ) * ( V - V E L ( I ~ O ) ) ) / ( V E L ( I ~ ~ J - V E ~ - ( I ~ O - ~ ) ) )  

C T H I S  DETERKINES POINT FROM WHICH CLOSURE BEGINS.  
2 4 3  I F  ( A D D J ( 2 1  1 2 0 0 9 2 0 1 9 2 0 3  

C I F  THE SECOND VALUE I N P U T  FOR ADDJ I S  ZEROyADDJ I S  ASSUMED A CONS- 
C TANT OVER E N T I R E  ARC. 

2 0 1  J U V P 1 3 = 1  
A D D J I  = A D D J (  1 )  
GO TO 135  

2 0 0  GO TO ( 3 3 7 , 3 3 7 , 3 3 8 1 9  J E S T 3  
3 3 7  DO 2 0 2  1 2  = L 9 1 2  

2 0 2  CONTINUE 
I F  ( (  AODT X-57 .299)  - AN6 ( 1 2 ) )  2 0 4 9 2 0 3 , 2 0 2  

WRITE OUTPUT TAPE 1 0 9 4 8  
GO TO 1C3 

3 3 8  DO 3 3 9  I 2  ~ 1 9 1 2  

3 3 9  CONTINUE 
' I F  (AODT - A N G ( I 2 ) )  3 4 0 9 2 0 3 9 3 3 9  

WRITE DGTPUT TAPE 1 0 9 4 8  
GO TO 1 O C  

3 4 0  A D D J I = ( ( (  AODT -ANG(I2-1))/(ANG(I2)-ANj(I2-1)))*(ADDJ(I2)-A~DJ(I2- 
11 1 )  1 +P.DDJ( 1 2 - 1  1 

GO TO 2 0 5  

GO TO 205 
2 0 3  A D D J I  = A C D J ( I 2 )  

2 0 4  ADCJ I  = ( ( (  (AODT * 5 7 . 3 ) -  ANG ( 1 2 - 1 ) )  / ( ANG ( 1 2 )  - ANG ( I 2  - 1 )  
1 ) )  3 ( ADDJ ( 1 2 )  - ADDJ( I 2  - 1))) + ADDJ ( 1 2 - 1 )  

2 0 5  JUMP13=2  



1 3 5  I F  ( T I M E  - T V ( I 2 O ) )  2 4 4 9 2 4 6 9 2 4 0  

2 44  VT  EM 
2 4 6  1 2 0 = 1 2 C + 1  

= ( ( T I ME+DT-TV ( I 2 3  * (VEL ( I 2 0  1 -VEL  ( I 2 C - 1 )  1 / ( TV ( I29 1 -TV ( 
1 1 2 0 - 1 ) ) + V E L ( 1 2 0  1 

118 A l D T D T = (  ( ( A 2 3 T D T + A 2 C T  ) " 3 T ) / 2 .  ) + A 1 C T  
AODTDT=(  ( (DT-'*2 1/60 ) 3 ( A 2 D T D T + (  2.QA2DT ) ) + ( D T " A 1 D T  )+/?ODT 
GO TO ( 3 4 1 , 3 4 1 9 3 4 2 1 9  J E S T 3  

3 4 2  STORQ = SKTEM * (AODTDT - T E E T A T )  
DTGRQ = A B S F ( V  - ( A l D T D T / 1 2 . ) )  Q ( V - ( A l D T D T / : 2 . )  )"A.REA*DCGE"RHO / 

1 9 2 7 3 . 6  
ATORQ = DTCRQ - STORQ 
A2DC = ATORQ / ( ( W  / 3 2 . 2 )  + A D D J I )  
50 TO 343  

3 4 1  WTORQ = WBCUY * R T E M l  * S I N F  ( A O D T D T )  
C WTORQ =WE I GHT TORQUE ( I N-LBS 1 
C R T E M l  = D I S T A N C E  CG TO P I V O T  ( I N )  

C STORQ = S P R I N G  TOROLJE ( I N - L B S )  
STORQ = SKTEM * ( (  AODTDT * 57.3 - T H E T A T )  

DTORQ= D C O E * R H O * A R E A ~ e R T E M 2 * C O S F (  (PHITEM+ATEM2 ) / 5 7 . 3 ) + c V / A B S F ( V )  
1 / 9 2 7 3  6* ( 
3 ( RTEM2/ 12.+eAlDTDT-%SINF 
4 ( A @ D T G T - A T E M 2 / 5 7 . 3 )  1 )  

( V - R T E M 2 / 1 2 . * A l D T D T * C O S F ( A C C T D T - A T E M 2 / 5 7 * 3 )  ) * " 2 +  

C DTORO = DRAG TORQ ( I N - L B S )  
C A2DC = CALCULATED ACCELERATION ( / S E C  S Q )  

ATORQ =DTORQ - WTORQ - STORQ 
A2DC = ATORQ / ( D I S C J  + A D D J I )  

C D I S C J  = D I S C  MOKENT OF I N E R T I A  ( I N - L B - S E C  S Q )  
C A D D J I  = ADDE3 MOMENT OF I N E R T I A  ( I N - L B - S E C  5 3 )  

3 4 3  TEST = ABSF ( A 2 D C  - A 2 D T D T )  
5 5 3  I F  ( TEST - E P S I L O  1 116,116,117 
5 5 0  1 2 2  =O 

I 2 3  = I 2 3 + 1  
GO TO ( 5 5 1 , 5 5 2 1 9  I 2 3  

W R I T E  OUTPUT TAPE 1 0 9 6 9 9 D -  
AODTDT =AODT 
A l D T D T  = A l D T  
AZDTDT =AZDT 
I 1 0  = 110 + 10 
GO TO 244 

W R I T E  OUTPUT TAPE 10970  
GO TO 100 

5 5 1  DT = DT / 10. 

5 5 2  DT = 10. * DT 

I F ( A O D T D T - l . O E 1 0 )  1 1 8 , 1 1 8 9 5 5 0  



.\ I c 

117 A2DTDT= A2DC 
GO TO 1 1 8  

116 .  AODT = AODTDT 
A l D T  = A l D T D T  
A2DT = A2DC 

V=VTEM 
T I f 4 E  = T I M E  + DT 

TAU = T I M E  - T I M E 1  
WTORQ = - WTORQ 

.STORQ = - STORQ 
I 2 2  = 0 

STORElZAODT * 57.3 
I F  ( I 1 0  - 6 0 )  1 8 1 , 1 8 2 9 1 8 2  

WRITE OUTPUT TAPE 1 0 9 4 9 1 3  
WRITE OUTPUT TAPE 1 3 9 5 9 C A R D  
WRITE OUTPUT TAPE 10,119CARDC 
WRITE OUTPUT TAPE 1 5 9 2 6  
GO T O  ( 3 4 4 9 3 4 4 9 3 4 5 1 9  J E S T 3  

3 4 5  K R I T E  OUTPUT TAPE 1 0 9 6 1  
WRITE OUTPUT TAPE 1 0 9 6 2  
WRITE OUTPUT TAPE 1 0 9 6 3  
GO TO 3 4 6  

3 4 4  WRITE OUTPUT TAPE 1 0 9 2 8  
WRITE OUTPUT TAPE 1 0 9 2 9  
WRITE OUTPUT TAPE 1 @ + 3 0  
WRITE OUTPUT TAPE 1 0 9 3 1  

3 4 6  WRITE OUTPUT TAPE 1 0 9 2 4  
I 1 0  = 1 5  

1 8 1  GO TO ( 3 5 5 , 3 5 6 9 1 8 3 1 9  J E S T 1  
3 5 6  I 2 1  = I 2 1  +1 

3 5 8  I 2 1  = 0 

3 6 0  S T O R E l  = AODT 
l: 'RITE OUTPUT TAPE 1 0 9 6 5 , T A U , S T O R E l , A l D T , A 2 D T I D T O R C , S T O R Q , A T O R Q 9 V  
I l O = I  10+1 

C TAU = ELAPSED T IME FROM I N I T I A T I O N  OF CLOSURE 

1 8 2  I 3  = I 3 + 1  

I F  ( I 2 1  -10) 1 8 3 9 3 5 8 9 3 5 8  

3 5 5  GO TO ( 3 4 7 9 3 4 7 9 3 6 0 1 9  J E S T 3  

3 6 1  GO TO ( 3 4 9 9 3 5 0 9 3 5 0 ) 9  J E S T 4  
3 4 9  I F  ( A03T  1 3 5 1 , 3 5 1 9 1 1 9  
3 5 0  I F  ( A O D I - A O D T )  5 0 6 9 5 0 6 9 1 1 9  
5 0 6  G O  T O  ( 5 0 7 9 5 0 8 9 5 C 7 ) r J E S T l  
5 0 8  WRITE OlJTPUT TAPE 1 0  .I 6 5  9 TAU 9 S T O R E l  9 A l D T  9 A Z D T  9 D T O R G  ,STORQ 9 A T O R Q  9 V  

5 0 7  GO TO 5 0 1  



3 5 1  CPVEL = (RHO * V* CSOUF\Ic') / L 6 3 6 . 8  
SOVC)L = PREA -Y- ATEY 
GO TO ( 5 C 5 9 5 3 2 9 5 3 5 1 9  J E S T 1  

5:'2 ';/RITE OUTPUT TAPE ~ n , 6 5 , T A U , S T O R E 1 , A 1 D T , A 2 D T , D T O R C , S T O R Q , A T O R Q , V  
5C5  G O  T O  2 8 1  
3 4 7  h R I T E  OUTPUT TAPE 1 3 , 3 2 , T A U , S T O R E l , A l C T , ~ 2 ~ T , ~ T O R C , C T O R Q , S T ~ R ~ ,  

l A T O R Q 9 V  
I10 = I 1 0  + I 

1 8 3  GO T O  ( 2 8 2 , 2 8 3 , 3 6 1 1 9  J E S T 3  
2 8 2  GO TO ( 3 0 2 , 3 3 3 9 3 0 3 ) 9  J E S T 4  
3 0 2  I F  ( (  AODF / 5 7 0 3 ) - A O D T )  1 1 9 , 1 2 2 , 1 2 2  
3C3  I F  ( (  APDI  / 5 7 * 3 )  - 4 9 D T )  3 0 4 9 3 0 4 , 1 1 9  
3 0 4  GO T C  ( 5 r ) 1 , 5  , 5 n i ) ,  J ~ S T ~  
5 0 0  b ' R  I T E  CUTPL'T TAPE 1 9  - 3 2  9 TAU S T O R E 1  9 f i l D T  9A2DT ,VTORC DTO'I3 9 STORQ 3 

l A T O R Q  ,V 
5 0 1  ' jJRITE OUTPUT TAPE 1 3 9 5 5  

I 2 3  = I 2 3  + I 
GO TO ( 1 9 3 , 5 5 6 1 ,  I23 

5 5 6  DT = DT + 13. 
GO TO 103 

2 8 3  GO T O  ( 3 C 5 , 3 3 6 , 3 0 6 ) ,  J E S T 4  
3 0 5  I F  ( A O D T ~ 5 7 * 3 - A A S - P H I n + p H I  1 2 8 4 9 2 8 4 , 1 1 9  
3 0 6  I F  ( (  AAS / 5 7 0 3 )  - AODT)  3 3 7 9 3 0 7 9 1 1 9  
3 0 7  J E S T 3  = J E S T 3  -1 

WRITE OUTPlJT TAPE 1 0 9 5 1  
I 1 0  = I 1 0  +10 
R T E M l  = RBAR 
RTEM2 =RPC 
ATEM2 =BETA 
P H I T E M = P H I  
SKTEkd = S P R I N Y  

DLTE,Y = C I S C J  
A 1 3 T  = ( 4 1 D T  * R 3 A T A )  /RBAR 

THETAT= THETA1 

AODT=AODT+(  ( P H I A - P H I  ) / 5 7 0 3 )  
DT=DT"  10 
1 2 3 ~ 1 2 3 - 1  
GO TO 1 1 9  

2 8 4  WRITE OUTPUT TAPE 19-51 
DT=DT / l o o  

I F  ( 1 1 0 - 5 0 )  9 9 9 , 9 9 9 , 3 9 8  

WRITE OUTPUT TAPE 1 0 , 4 9 1 3  

I 2 3 = 1 2 3 + 1  

9 9 9  I 1 = 1 3 + 1  



'WR I TE OUTPUT TAPE 10 9 5 9 CARD 
h ' R I T E  OUTPUT TAPE 10911 ,CARDO 
WRITE OUTPUT TAPE 10926 

9 9 6  WRITE CUTP'JT TAPE 1q928 
WQITE OUTPUT TAPE 1 3 9 2 9  
WRITE OUTPUT TAPE 1 0 9 3 9  
WRITE OUTPUT TAPE 10931 

9 9 5  WRITE OUTPUT TAPE 1 0 9 2 4  

9 9 8  WRITE OUTPUT TAPE 1 0 9 7 1  
I 1 0 = 1 5  

I 1 0 = I  1 0 + 1 0  
AODT=AODT-((PHIA-PHI)/57.3) 
I l c )  = I 1 0  + 10 
J E S T 3  = J E S T 3  - 1 
R T E M l  =RBARA 
RTEIV12 =RPCA 
ATEM2 =BETAA 
SKTEM = SPRNKA 
P H I T E M = P H I A  
THETAT=THETAA 
DJTEM = D I S C J A  
A l D T  = ( A l D T  *RBAR) / R3ARA 

1 1 9  I F  ( T A U  - T I M E S )  1 3 8 9 1 3 8 , 2 2 9  
1 2 2  DPVEL = ( R H O  * V *CSOUND) / ( 4 6 3 6 - 8 )  

C DPVEL = E X T I N G U I S H E D  VELi3CITY CIELT4 P 
GO TO ( 5 0 3 , 5 9 4 , 5 0 3 1 ,  J E S T 1  

5 0 4  WRITE OUTPUT TAPE 1 0 ~ 3 2 ~ T A U ~ S T O R E 1 ~ A 1 D T , A 2 D T ~ W T O R Q , S T O R Q ~  
l A T O R Q  ,V 

5 0 3  J E S T 3 =  JUMP3+1 
GO TO ( 2 7 6 9 2 7 7 1 9  J E S T 3  

GO T O  2 8 1  
2 7 6  SOVOL = AREA * C O S F ( P H I  / 5 7 - 3 1  * RPC * ( ( A T E M  - A O D F ) / 5 7 . 3 '  

2 8 0  SOVOL = A R E A / 5 7 . 3 * ( ( C O S F ( P H I / 5 7 . 3 ) * R P C ~ ( A T E M - ~ , A S - P H ~ A + P H I ) ) + ( C O S F  
l(PHIA/57*3)*RPCA*(AAS-AODF) ) )  

GO TO 2 8 1  
2 7 7  I F ( A T E M - A b S - P H I A + P H I )  2 7 9 9 2 7 9 9 2 5 0  
2 7 9  SOVOL = AREA * C O S F ( P H I A / 5 7 * 3 )  ?+ RPCA * ( A T E M  - A C I D F ) / 5 7 * 3  

C CSOUND=SC?NIC V E L O C I T Y  

C T I M F S  = T I Y E  A T  INHICH PR3BLEF4 I S  T O  STOP 
C TZERO = T J M E  A T  WHICH V E L O C I T Y  PASC-ES THP@UGP ZERO 

C SOVOL = SWEPT QUT VOYJME 3 F  C'ISCa ( I N  C U B E )  

2 8 1  DO 1 2 5  1 2 ~ 1 9 1 2  

1 7 5  CONTIRUE 
I F  ( V E L (  1 2 )  1 1 2 3 , 1 2 4 9 1 2 5  



WRITE OUTPUT TAPE 1 0 9 4 6  
GO TO 100 

1 2 4  T Z E R O  = T V ( I 2 )  
I 2 = 1 2 + 1  
GO TO 1 2 9  

1 2 3  TZEHO = ( ( T V ( I 2 ) -  TV(I2-1))*VEL(I2-1)/(VEL(I2-1)-VEL(12))+TV(I2-1) 

1 2 9  R F V O L l =  0 0  
1 )  

C RFVOL = INTEGRATED REVERSE FLOW VOLUME. 
RFVOL = 0 . 5 * ( T Z E R O - T V ( 1 2 ) )  * V E L ( I 2 ) * A K E A P  + 1 2 .  
I F  (SOVGL - R F V O L )  1 2 8 , 1 2 6 9 1 2 7  

1 2 6  VTEM = V E L ( I 2 )  
GO TO 1 3 6  

1 2 7  R F V O L l  = RFVOL 
I 2 = 1 2 + 1  
RFVOL =RFVOLL+(TV(I2-1)-TV(I2) ) * 0 * 5 * ! V E L ( I 2 ) + V E L (  1 2 - 1 1  ) * A R E A P * 1 2 *  
I F  ( SOVOL - RFVOL 1 4 0 0 9 1 2 6 , 1 2 7  

TTEM2 = T V  ( 1 2 - 1 )  
VTEbl1 = V E L ( I 2 - 1 )  
GO TO 3 6 2  

1 2 8  T T E M l  = TZERO 
TTEM2 = TZERO 

400 T T E M l  = T V (  1 2 - 1  1, 

R F V O L l  = 0. 
V T E M l  = 0. 

VTEM = 

R F V O L = R F V O L l + (  ( T T E M 1 - T T E M 2 ) * 0 . 5 * ( V T E P / + V T E h ” l  1 )  *AREAP*12.  

3 6 2  TTEM2 = TTEM2 + DT 
( V E L (  I 2  )-VEIL( 1 2 - 1  1 1 %  ( T T E M z - T V (  1 2 )  1 / ( T i l (  I 2  ) - T V (  1 2 - 1  1 ) + V E L  

l ( I 2 )  

I F  (SOVOL - R F V O L )  1 3 6 , 1 3 5 9 3 6 2  

I 2 3  = I 2 3  + L 
1 3 6  DPVOL = ( R H O  -% CSOUND * VTEC! 1 / ( 4 6 1 6 . 8 )  

GO T O  ( 5 5 4 9 5 5 5 9 9 3 4 1 ,  1 2 3  
0 9 4  D ~ = D T * ~ G O .  

GO TO 5 5 4  
5 5 5  DT = DT * 1 0 .  
5 5 4  I F  ( 1 1 0 - 5 0 )  1 8 5 , 1 8 4 9 1 8 4  
1 8 4  I 3  = I 3  + 1 

WRITE C’JTPUT TAPE 1 0 9 4 9 1 3  
WRITE OUTPIJT T A P F  1095,CARD 
N R I T E  OUTPUT TAPE 1 9 9 1 1 9 C A P ? Q  
WRITE OUTPIJT TAPE 1 0 9 2 6  

1 8 5  GO TO ( 5 3 9 , 5 1 0 9 5 0 9 ) 9 J E S T 3  
5 1 0  WRITE OUTPUT T A P E . 1 0 9 6 8 9 A T E b ”  

c t f 



*" c i 

GO TC) 5 1 1  
5 @ 9  WRITE O'JTPUT TAPE 10934 ,ATEM 
5 1 1  WRITE OUTPI'T TPPF 1 Q - 3 5 . V  

WRITE CUTPUT TAPE l Q , 3 6 , D P V E L  
WRITE OUTPUT TAPE 1 9 ~ 3 7 , V T E " '  
>!R I TE OUTPUT TAPE 1 r) 3 6  DPVQL 
GO i o  1c0 

1 3 8  DO 139 1 2 = 2 9 1 2  
Z =  AODT*57 ?+PH I T  EM-ATANF ( -RTEM2+tA lDTDT"S I NF ( A03T-ATEM2 / 5 7  3 ) 

1 /  ( lZo"V-RTEM2*AlDTDTQCGSF (AODT-ATEW2/57.3  1 1 

1 3 9  

140 

141 

2 2 9  

I F  ( Z - T H E T ( 1 2 )  1 4 1 , 1 4 0 , 1 3 9  
CONT I NUE 
WRITE OUTPUT TAPE 1 5 9 3 3  
GO TO 1 C O  
DCOE = D R A G ( I 2 )  
GO TO ( 1 3 5 , 2 0 0 )  9 JUMP13 
EXPON= ( Z - T H E T ( I 2 - 1 1  ) / ( T H E T ( I 2 ) - T H E T ( I 2 - 1 )  
DCOE= ( (  D R A G  ( 1 2 )  / D R A G  ( 1 2 - 1 ) )  % *  EXPCN)  * D R A G ( I 2 - 1 )  
GO TO ( 1 3 5 , 2 0 0 )  9 JUMP13 
WRITE OUTPUT TAPE 1 0 9 3 8 , T I M E S  
GO TO 100 
END ( 0 9 1 90 9 1 9 1 

COY P L ET E 

0 
0 
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SLAM CODE Mol88  CHECK VALVE SLAM PRESSURE SIJRSE. 

T H I S  I 8  A S IMPLE PROBLCM OF A SIMPLE SWING TYPE CHECK VALVE 
F O R  THE SLAM ( M o l 8 8 1  CODE. 

THE OPTIONS CHOSEN ARE 
OPTION 4 = 0 OPTION 1 0 OPTION 2 0 OPTION 3 = 0 

INPUT E D I T .  

DENSITY OF F L U I D  ( L R S / F T  CURE)= 62 .4000  I N I T I A L  F L U I B  VELnCTTY ( F T  
SPEED OF SOUNU ( F T / S E C ) =  5 0 0 0 . 0 0 0 0  F U L L  OPEN AVGLF F R O M  VERTICAL 
F U L L  CLOSED ANGLE FROM VERTICAL (DEG)S - 2 0 . 0 0 0 0  D I S C  FACE AVQLE 
D I S C  VOLUME ( I N  CUBE)= 6 0 . 0 0 0 0  DEYSITY OF D I S C  MPTAL 
P I V O T  T O  CG ARM ( I N ) *  5 .0000  P I V O T  TO CENPFS OF AREA 

D I S C  I N E R T I A  (IN-LR-SEC S O ) =  7 . 0 0 0 0  D I S C  FACE AQEA 
CONVERGENCE CRITERION (/SEC S O ) '  0 . 0 5 0 0  MPXIMUM I N T € G R A T I n N  T IME 
F I N I T E  DIFFERENCC INCREMENT ISFC).  0 . 0 1 0 0  P I P E  AREA 
ANGLE RETUEEN L I N E S  FHOM PIVOT T O  C G  AND CENTER OF AREA f D E G ) a  

SPRING CONSTANT ( IN -LRS/DEG)=  o.oooo INITIAL S D R T N G  DISPLACEMENT 

DRAG 
COEFFICIENT 

ANGLE 

-30.0000 
85 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.ooa0 

VALUE 

1500.0000 
0 . 0 0 9 5  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .o r )oo  

0.0000 
o . o o o n  

o . o o o n  

ADDED I N E R T I A  
DUE T O  WATER 

ANGLE 

0 * 0 0 0 0  
o * o o o o  
0.0000 
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 
0.0000 
0 . 0 0 0 0  
o * o o o o  
0 . 0 0 0 0  
0.0000 
0.0000 

VALUE 

o . o n o o  
o.8eoo 
0.8000 
o . o o o n  
0 . 0 0 0 0  
0.8000 
0.800r) 
0 . 0 0 0 0  
0 . 0 0 0 0  
o . o n o o  
0 . 0 0 0 0  
o . o n o o  

WATER 
VELOCITY 

TIME. 

o . o o e o  

3 . 0 0 9 0  
o.ooeo 

1.2580 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 

0 . 0 0 0 0  
0.0000 

o.ooeo 

3 0 * 0 0 0 0  
75.0000 
1 0 , 0 0 0 0  

487 .0000  
6 . 0 0 0 0  
0 , 0 0 0 0  

70.0000 
3 .0000  

75 e 0000 

VELOCITY 

30.0000 
-25 .00(10 
- 2 5 . 0 0 0 0  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o * o o o o  
o * o o o o  
0.0000 
0.0000 



SLAM CODE M O l 8 8  CHECK VALVE SL.AM PRESSURE SURGE. w 
Q, 

1 H I S  IS A SAMPLE PROBLEM OF A SIMPLE SUING TYPE CHECK VALVE 
FOR THF SLAM ( M O i 0 8 )  CODE. 

OUTPUl  

TIME 

(SEC) 

0 .012 
0 .022 
0 . 0 3 2  
0 042 
0 052 
0 . 0 6 2  
0 .072 
0 .082 
0 .092 
0 . 1 0 2  
0 .112 
0 .122 
0 . 1 3 2  
0 .142 
0 .152 
0 .162 
0.172 
0.182 
0 .192 
0 .202 
0 .212 
0 .222 
0 .232 
0 .242 
0 .252 
0 .262 
0 .272 
0 .282 
0 .292 

:::g 
0.322 
0 .332 
0 .342 
0 .352 
0 .362 
0 .372 
0 . 3 0 2  
0 .392 

0 .412 
0 . 4 2 2  

0 . 4 0 2  

0.432 
0 * 4 4 2  
0 .452 

0.472 
0 . 4 6 2  

ANGLE OF 
DISC 

FROM VERT 
(DEGREES 

6 4 . 7 0 0 0  
6 3 . 6 9 9 7  
6 3 . 6 9 7 9  
6 3 . 6 9 2 9  
6 4 . 6 8 5 2  
64 .6674 
64 6440 
64.6116 
63.5609 
64 .5147 
64 4470 
6 4  - 3 6 7 1  
6 4 . 2 7 1 4  
6 4  e 1 5 9 9  
6 4 . 0 3 1 6  
6 3 . 8 8 5 7  
6 3 . 7 2 1 4  
6 3  5380 
6 3 . 3 3 4 9  
6 3 . 1 1 t 5  
62.8673 
62.6020 
6 2  31'Jl 
67.0063 
6 1  I 6 7 1 6  
6 1 . 3 2 2 6  

6 0 . 5 4 9 5  
60 .12V5  
59.6870 
5 9  I 2223 
5 8 . 7 3 5 3  

5 7 . 6 9 1 5  
5 7 . 1 4 5 3  
5 6 . 5 6 0 9  
5 5 . 9 7 1 8  
5 5 . 3 6 1 4  
5 4  7 2 7 1  
5 4  0753 
53 .4005 
5 2 . 7 0 9 3  
5 2 . 0 0 0 1  
5 1  - 2 7 5 4  
5Or52Q8 
4 9 . 7 6 9 8  
4 8 . 9 9 5 0  

6 0 . 9 4 7 2  

5 8 . 2 2 6 3  

DISC 
ANGULAR 
VELOCITY 
( R A D / S E C  

0 . 0 0 0 0  
-0.Olr14 
-0 e 0055 
-0 0124 
- 0 . 0 2 1 8  
-0 0338 
-0 0 4 8 3  
-0 Oh51 

- 0 . 1 0 5 3  

- 0 . 1 5 3 6  
- 0 . 1 8 0 5  
- 0 . 2 0 9 0  
- 0 . 2 3 9 1  
- 0 . 2 7 0 5  
- 0 . 3 0 3 2  
- 0 . 3 3 7 1  
-0 .3720 
-U.4078 
- 0 . 4 4 4 8  
- 0 . 4 8 1 8  
-0 .5197 
- 0 . 5 5 7 9  
- 0 . 5 9 6 6  
- 0 . 6 3 5 5  
-0 6 7 4 5  
- 0 . 7 1 3 6  
- 0 . 7 5 2 6  
-0 7 9 1 6  
- 0 . 8 3 0 6  

- 0 . 0 8 4 2  

-0.ize5 

- 0  - 8 6 9 1  
- 0 . 9 ~ 1 7 5  
-0 e 9 4 5 1  
-0 o 9 8 2 3  
-I. 0188 
-1 e 0547 
- 1 . 0 8 9 8  
- 1 . 1 2 4 2  
- 1 . 1 5 7 7  
- 1 . 1 9 0 4  
- 1 . 2 2 2 2  
- 1 . 2 5 3 1  
- 1 . 2 8 3 1  
- 1 . 3 1 2 2  
-1 3405 
-1 3 6 7 9  

DISC 
ANGULAR 

( R A D / S E C  S O 1  
ACCELER. 

- 0 . 0 0 0 0  
-0 .2776 
- 0 , 5 5 0 3  
-0 0167 
-1 . 0755 
-1 , 3255 
- 1 . 5 6 5 9  
- 1 . 7 9 5 9  
- 2 . 0 1 4 8  
-2 .2222 
-2 .4177 
-2 .6010 
- 2 . 7 7 2 0  
- 2  9 3 0 7  
- 3 . 0 7 7 0  
-3 .2110 
- 3 . 3 3 2 8  
-3 .4425 
-3 .5403 
-3 .6264 
- 3 . 7 0 1 1  
-3 .7644 
- 3  I 8168 
-3 .0583 
-3 .8893 
- 3 , 9 1 0 2  
-3 .9210 
- 3 . 9 2 2 1  
- 3 . 9 1 3 9  
- 3  8965 
-3 ,8704 
- 3 , 8 3 5 9  

- 3  7429 
- 3  6 8 5 5  
-3 .6214 
-3 .5513 
- 3 . 4 7 5 8  
- 3 . 3 9 5 6  
-3 .3115 
- 3  e 2245 
-3 .1355 
-3 .0455 
-2 .9559 
-2 .8678 
-2 .7027 
-2 e 7 0 2 1  

- 3 . 7 9 3 2  

W E I G H T  
MOHENT 

( IN-LES)  

.66.6421 
-66 .6419 
- 6 6 .  6 4 0 9  
-66 .6382 
-.66.6320 
- 6 6 . 6 2 4 1  
-66 .6112 
-66 .5934 
-66 .5698 
-66 .5399 
-66 .5028 
-66 .4579 
-66 .4  0 45 
- 6 6 . 3 4 2 1  
-66 .2700 
-66.1876 
- 6 6 . 0 9 4 2  
mb5.9894 
-65 .8726 
- 6 5 . 7 4 3 1  
-65 .6004 
-65 .4440 
- 6 5 . 2 7 3 3  
-65 .0878 

-64 .6702 
- 6 4 . 4 3 7 1  
- 6 4 . 1 8 7 0  
- 6 3 . 9 1 9 6  
-63 .6342 

m63.0074 
-62 .6650 
- 6 2 . 3 0 2 7  
- 6 1 . 9 2 0 1  
-61 .5168 

, -61 .0924 
-60 .6465 
-60 .1789 
-59 .6893 
- 5 9 . 1 7 7 3  
~ 4 8 . 6 4 2 7  
- 5 8 . 0 8 5 4  
~ 9 7 . 5 0 5 2  
=56.9019 
196.2753 
-45 .6253 

- 6 4 . 9 8 7 0  

-63  e3302 

FLOU 
MOHeNT 

( IN-LRS) 

6 4 . 0 4 2 1  
6 4  6986 
6717890 
6 0 . 9 P l 6  
59 .9047 
57 .7454 
5 5 . 6 4 9 6  
5 4 1 ~ 2 i 9  
52.4661) 
5 0 , 9 8 4 5  
49 . W 9 1  
49.291 n 
4 7 . 0 0 0 5  
4 5 ~ 0 2 7 4  

47 .7108 
42 .7649 
4 1  4 8920 

44.7312 

4 i . n ~ n 3  

3 9 . ~ 1 9 3 0  

3 8 . 0 7 9 5  

40.3580 
3916929 

30 .5560 

3 7  6615 

36 .0903 

34.52P5 
3 6 4 3 9 8 4  
36.7374 
36.1564 
36 .1126 
3h 9.072 
3 6 . 1 2 1 8  
36.1670 
36 .2334 
3 6 , 3 1 6 1  
36 .4098 
36.5085 
34 .0058 
36 .6945 
3 6 . 7 6 6 8  
3 6 . 0 1 4 2  
3hd0274 
36 ,7965 
36.711) 6 

3 7 . 3 9 9 1  

36 .7333 

SPRINQ 
MOMENT 

( IN-LBS 

8 . 0 0 0 0  
0.0000 
Q.0000 
9 . 0 0 0 0  

8.0000 
9 . 0 0 0 0  
0.0000 
0.0000 
0.0000 
8 . 0 0 0 0  
0 . 0 0 0 0  
8 . 0 0 0 0  
8 . 0 0 0 0  
0.0000 
0.0000 

8 . 0 0 0 0  

9 . 0 0 0 0  
9.0000 

P . 0 0 0 0  
0 . 0 0 0 0  
9 . 0 0 0 0  
0 . 0 0 0 0  
8 . 0 0 0 0  

0.0000 
0.0000 
9 . 0 0 0 0  
0.0000 

8 , 0 0 0 0  
0 . 0 0 0 0  
9 . 0 0 0 0  
~ . O O O O  
8 . 0 0 0 0  
0 . 0 0 0 0  
9 . 0 0 0 0  
~ . O O O O  
8 . 0 0 0 0  
9 . 0 0 0 0  

9.0000 

8 . 0 0 0 0  

8.0000 

e.oooo 
o . o o o n  

e . o o o o  

e.oooo 

e.oooo 

e.oooo 
e,oooo 

INERTIA 
MOMENT 

( IN-LBS)  

- 0 . 0 0 0 0  
-1 .9434 
-3 8519 
-5 .7166 
- 7 . 5 2 8 2  
-9 .2787 

- 1 0 . 9 6 1 6  
- 1 2 . 5 7 1 5  
- 1 4 , 1 0 3 8  
-15 .5554 
- 1 6 . 9 2 3 6  
- 3 8 . 2 Q 6 0  
- 1 9 . 4 0 4 1  
-20 .5147 
- 2 1 . 5 3 0 8  
- 2 2 . 4 7 6 8  

-23 ,0974 
- 2 4 . 7 8 2 2  
- 2 5 . 3 0 5 1  
- 2 5 . 9 0 7 5  
- 2 6 . 3 5 1 0  
- 2 6 . 7 1 7 3  
- 2 7 . 0 0 8 3  
-27 .2254 
- 2 7 . 3 7 1 1  
- 2 7 . 4 4 6 8  

' - 2 7 . 4 5 4 8  
- 2 7 . 3 9 7 1  
- 2 7 , 2 7 5 7  
- 2 7 , 0 9 2 8  
-26 .8510 
-26 .5524 
-26 .2005 
- 2 5 . 7 9 8 3  
- 2 5 . 3 4 9 6  

-24 ,3304 
-23 .7692 

- 2 2 . 5 7 1 5  
- 2 1 . 9 4 8 3  
- 2 1 , 3 1 8 7  
-20 .6910 
-20 .0745 
- 1 9 . 4 7 8 8  
- 1 8 . 9 1 4 8  

- 2 3 , 3 2 9 3  

-24 .8590 

- 2 3  e1808 

NATEH 
VELOCLTV 

(FT/St.Ct 

29.4U62 
29.0162 
2 8 . 6 0 6 1  

2 7 . 2 a 6 ~  27 7462 

26.8067 
26.41161 
29.9867 

20 .1661 

25.15161 

24 .6462 
24.2Ub7 

25.01167 

23.7ebL 
23.3Lb*  
22.81161 

22 .0068 2 1 . 5 0 6 1  

2 1 . 1 1 6 1  

2 2 . 4 4 6 1  

20 .6U61  
2 0 . 2 4 6 1  
1 9 . 8 9 6 2  
1 9 . 3 0 6 1  
10 9L6E 
18.4a62 
1 8 . 0 4 6 2  
1 7 . 6 0 6 1  
1 7 . 1 6 6 1  

16.2q61 

15.4067 

14 5 C b l  

13.6962 
13.2U61 

1 6 . 7 1 6 ?  

15.8462 

14 .9062 

1 4 . 0 U 6 1  

1 2 . 7 9 6 1  
12 .3163 
ii . e a s i  
11 .4467 
%I.OUb? 
10 -5669 
10 a I Y 6 3  

9 . 2 4 6 1  
9.6!61 

' 7  



SLAM COO€ Mol88 CHECK VALVE SLAM PRESSURE SIIRGE. 

T H I S  I S  A SAMPLE PROBLLM UF A SIYPLE S Y I N G  TYPE CHLCK VALVE 
FOR THE SLAM ( M o l 8 8 1  CODE. 

OUTPUT 

T I M E  

t S E C )  

0 . 4 8 2  
0 . 4 9 2  
0 . 5 0 2  
0 . 5 1 2  

0 . 5 3 2  
0 .542 
0 . 5 5 2  
0 - 5 6 2  
0 .572 
0 e582 
0.592 
0 . 6 0 2  
0 . 6 1 2  
0.622 
0.632 
0 6 4 2  
0 652 

0 . 5 2 2  

0 .662 
0.672 
0.682 
0 - 6 9 2  
0 .702 
0 .712 
0.722 
0 .732 
0 742 
0 752 

0 .772 
0 782 
0 792 
0 .802 
0 .812 
0 . 8 2 2  
0 .832 
0 .842 
0 .852 
0.862 
0 .872  
0 .882 
0 .892 
0 .902 

0 .762 

ANGLE OF 
DISC 

(DEGREES) 
F R O M  V E R T  

48 .2023 
47 .3918 
46.5746 
45.7390 
44 8 8 9 2  
44 .0294  
43 .1478 
42 .2564 
41.3510 
40 .4316 
39  I 4976 
38 .5486 
37 .5839 
36 .6028 
35 .6044 
34 .5816 
3 3 . 5 5 1 2  
3 2  e 4 9 4 1  
31 4149 
3 0 . 3 1 2 3  
29 .1849 
28.0318 
2 6 . 8 5 1 9  
25 I 6452 
2 4 . 4 1 3 2  
23 v 1 5 6 7  
22 I 8714 
2 n .56 6.9 
1 9 . 2 2 4 1  
1 7  0443 
1 6 . 4 0 0 0  
1 4 . 8 9 7 7  
13 .2804 
1 1 . 5 3 7 4  

9 . 6 0 2 3  
7 .4177 
4 .9014 
I 9469 

-1 e5892 
-5 .8806 

- 1 1 . 1 9 b l  
-17 .9175 
- 2 6 , 7 4 5 5  

DISC 
ANGULAR 
VELOCITY 
( R A D I S E C )  

-1 3 9 4 5  
- 1 . 4 2 0 5  
- 1 . 4 4 5 8  
- 1 . 4 7 0 8  
- 1 . 4 9 5 3  
- 1 . 5 1 9 5  
- 1 . 5 4 3 7  
- 1 . 5 6 7 9  
-1 5 9 2 2  
-1 6 1 7 2  
-1 6 4 2 9  
-1 v 6 6 9 7  
-1 .6976 
-1 7 2 7 1  
-1 .7582 
-1 791.2 
-1 8264 
-1 .8638 
-1 .9035 
-1 9 4 5 5  

- 2  0356 

- 2  1 2 8 5  
-2 .1717 
- 2  2140 
-2 .2588 
- 2 . 3 0 9 8  
- 2 . 3 7 2 6  
- 2 . 4 5 4 4  
-2 .5645 
- 2 . 7 1 4 7  
-2 .9200 
-3 .1987 
-3 .5739 
-4 .0749 
-4 .7385 
-5.61S9 
-6 .7676 
-8  2974 

-10 3616 

-17 .9335 

- 1 . 9 ~ 9 6  

- 2 . 0 8 2 1  

-13 .2762 

D ISC 
ANGULAR 
ACCELER 

(R4D/SEC SQ) 

-2.6277 
- 2 . 5 6 1 1  
- 2 . 5 0 4 1  
-2 .4586 
-2.4265 
-2 4 0 9 7  
- 2 . 4 1 0 1  
- 2 . 4 2 9 6  
- 2 . 4 6 9 9  
-2 .5323 
- 2 . 6 1 8 1  
- 2 . 7 2 8 2  
-2 8628 
- 3 . 0 2 1 6  
-3 .2033 
- 3 . 4 0 5 6  
- 3 . 6 2 4 7  
-3 .8550 
-4 .0882 
-4 .3130 
-4 .5135 
-4 .6682 
- 4 . 7 6 4 1  
- 4 . 3 9 4 8  
-4.2374 
-4 .2788 
-4  6 6 6 8  
-5 .5266 
-7 .0156 
-9 .3248 

-12  6 8 3 8  
-17 .3644 
- 2 3 , 6 9 3 0  
-32 .0702 
-43 .0065 
-57 .1794 
- 7 5  5 4 1 8  
-99 .4946 

- 1 3 1  12548 
- 1 7 4 . 7 0 4 1  
-P38.1548 
- 3 4 4 , 7 9 4 9  
-586.6359 

HEIGHT 
MOWEYT 

I N - L B S  1 

-44 .9519 
-54 .2549 
4 3 . 5 3 4 2  
-52 .7895 
-52.0 20 6 
-51 .2275 
4 0 . 4 0 9 6  
-49 .5668 
-48 .6985 
-47 .8  0 4 3 

-45 .9349 
-44 .9578 
-43 .9510 
-42 .9132 
- 4 1  .E429 
-40 .7365 
-39 .5982 
-38 .4202 
-37 .2025 
-35 .9434 
-34 .6410 
-33 .2939 
-31 .9016 
-30 .4654 
-98 .9863 
aP7.4636 
WP5.8944 
wP4.2725 
- 9 2 . 5 8 7 1  
-PO. 8212 
-18 .9304 
-16 .9400 
-14 .7426 
-12 .2954 

- 9 . 5 1 6 1  

-2.5042 

-46.0834 

-6 2979 

2 . 0 3 9 1  
7.5520 

1 4 . 3 1 2 1  
22 .6767 
13 .1694 

FLOW 
H O W N T  

(IN-LRS) 

36  5 5 8 2  
36.3274 
36 .0052 
35.5793 
35 .n349 
34.1504 
33 .5388 
32 .5598 
32.4096 
30 .0785 
20.5566 
26 ,8375 
24.9182 
2 2 r 8 0 0 1  
20.4902 
18 .0037 
15 .3653 
17 .6132 

9.8076 
7.0117 
4 . 3 4 9 1  
I. 9038 

1 .1379 

-0.9650 
-5 .7037 

-12 ,7918 

- 0 . 0 5 5 0  

0.0036 

-24 .1346 
-42.6866 
-67 .9652 

-148.9109 
-102.60 0 3 

-209.1485 
-288.7104 
-390.7400 
-5224 4947 
-69340579 
- 9 2 0 r 8 2 7 5  

-1230.4806 
-1681.3951 
-243b.3411 
-4139t62n9 

S P R I N G  
MCMFNT 

(IN-CBS) 

0 . 0 0 0-0 
0 . 0 0 0 0  
Q.0000 
0 . 0 0 0 0  
Q.0000 
0 . 0 0 0 0  
8 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
8 . 0 0 0 0  
9 . 0 0 0 0  
0 . 0 0 0 0  
8 . 0 0 0 0  
8 . 0 0 0 0  
9 . 0 0 0 0  

8 . 0 0 0 0  
8 . 0 0 0 0  
8 . 0 0 0 0  
8 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
8 . 0 0 0 0  
8 . 0 0 0 0  
Q.0000 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
9 . 0 0 0 0  

9 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
9 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
B . 0 0 0 0  
8 . 0 0 0 0  

e . o o o o  

a.oooo 

I N E R T I A  
MOMENT 

( I N - L B S  1 

-18 .3937 
- 1 7 . 9 2 7 9  
- 1 7 . 5 2 8 9  

- 1 6 . 9 8 5 7  
- 1 6 , 8 6 8 1  
- 1 6 . 8 7 0 8  
-17 .0070 
-17 .2890 
- 1 7 . 7 2 5 9  
- 1 0 , 3 2 6 8  

- 1 7 . 2 1 0 2  

- 1 9 . 0 9 7 3  
-20 0395 
- 2 1 , 1 5 0 9  
- 2 2 . 4 2 2 9  
- 2 3 , 8 3 9 2  
- 2 5 . 3 7 3 1  
-26 .9850 
- 2 8 . 6 1 7 6  
- 3 0 , 1 9 0 9  
- 3 1 . 5 9 4 3  
- 3 2 . 6 7 7 2  
- 3 3 . 3 4 8 9  
- 3 0 . 7 6 3 7  
- 2 9 . 6 6 1 9  
- 2 9 . 9 5 1 3  
- 3 2 . 6 6 7 3  
- 3 8 . 6 8 6 2  
- 4 9 . 1 0 9 1  
- 6 5 . 2 7 3 7  
- 8 8 . 7 8 6 4  

- 1 2 1 . 5 5 0 7  
- 1 6 5 , 8 5 0 9  
- 2 2 4 . 4 9 1 1  
- 3 0 1 . 0 4 5 8  
-400.2560 

- 6 9 6 , 4 6 2 0  

-1222.9286 
-1667.0839 
- 2 4 1 3 . 5 6 4 5  
-4106.4514 

-528.7926 

-918.7834 

HATEU 
VELOCITV 

( F T I S t C )  

8 .8U61 
8 .366T 
7 .9Lb2 
7.406C 
7 .0467 

6 . 1 6 6 7  

5.2!6? 
4 .8467 

3 , 9 6 6 7  

3eOU61 

2.21162 

6.6U62 

5 . 7 1 6 1  

4.4Ub;F 

3 . 5 L b l  

2 . 6 4 6 7  

1 , 7 6 6 7  
1 . 3 & 6 /  

0 . 4 4 6 1  
0.0061 

-0.4333 
- 0 . 8 1 3 4  
-1 3133 
-1 7933 

0.8961 

-2 .1034 
-2.6?34 
- 3 . 0 1 3 4  
- 3 , 5 1 3 3  
- 3 . 9 9 3 3  
- 4 .  S V 3 J  
- 4 . 8 3 3 4  
- 5 . 2 / 3 3  

-6 1 9 3 J  
-6.503s 
- 7 . 0 9 3 3  
- 7 . 4 / 3 3  
- 7 . 9 a 3 a  
- 8 . 3 9 3 J  
-8.7V33 
- 9 . 2 5 3 4  
- 9  6 / 3 3  

- 5 . 7 1 3 1  



SLAM CODE MO188 CHECK VALVE SLAM PRFSSUQE SIIR(;E. 

T H I S  I S  A  SAMPLE PROBLEM OF A  S I M P L E  S Y I h G  TYPE CHECK V A L V E  
FOR THE SLIM rnotee) CODE. 

OUTPUT 

THE I N T T I A L  VALVE ANGLE 
THE E X T I N G U I S H E D  V E L O C l T Y  BASED ON THE E Q U A T I O N S  OF MOTION 
THE D E L T A  P c O R R E S P O Y D ~ N G  TO T H I S  E X T I G U I S H E D  V E L O C I T Y  
THE E X T I N G U I S ~ E D  V E L O C I T Y  B A S E D  ON THE SWEPT OUT VOLUME THEnRY 
THE D E L l h  P CORRESPOND~NG TO T W I S  EXTLGUISHEO V E L O C I T Y  



.-. 1. c Q 

SLAM CODE MOi88 CHECK VALVE SLAH PRESSURE 91JRGE. 

TKIS  I 8  A SAMPLE PROBLEM OF AN ARTICULATED SWING TYPE CHECK 
VALVE FOR THF SLAH ( M 0 1 8 8 )  CODE. 

THE OPTIONS CHOSEN ARE 
OPTIOV 1 0 1 OPTION 2 a 0 OPTION 3 = 1 OPTION 4 r 0 

INPUT € D I T *  

DENSITY OF FLUID ( LBSIFT CUBE) = 62.4000 I N I T I A L  FLUIB  VELnf!TTY (FTISEC) m 
SPEED OF SOUNO (FT/SEC)' S O O 0 0 0 0 0 0  FULL'OPEY ANGLE F R 9 M  VERTICAL (DEG)= 
FULL CLOSEU ANGLE FROM VERTICAL ( D E G ) =  - 2 O e O O O O  DISC FACE ANGLE (DEG)e 

DISC VOLUME ( I N  CU9E) .  60.0000 WEIGHT OF DISC ( L B S ) m  
PIVOT TO C G  A R M  ( I N ) =  5.0000 PIVOT T O  CEYTFR OF AREA ( I N ) =  

SPRING CONSTANT tLN-LBS/DEG)F O * O O O O  I N I T I A L  SPRTNC DISPLACEMENT (DEG)= 
SPRING CONSTANT AFTER CHANGE (IN-LRS/DEG)a O * O O O O  I N  SPRING D'ISPLACC AFTER CHANGE (DEG)m 
DISC INERTIA (IM-La-SEC S O ) '  7.0000 DISC FACE AREA ( I N  S O ) =  
DISC INERTIA AFTER CHAkGE (INmL9-SEC S Q ) *  10.0000 F I N f T E  DIFFERFNCE INCREMENT (SEC)= 
CONVERGENCE CRITERION OSEC 5 0 ) '  0 1 0 5 0 0  MAXIMUM IYTEBRATInY T I M €  (SEC)= 

DISC AMGLE FOR PIVOT CHANGE ( D E G ) '  3 0 1 0 0 0 0  DISC FACE A Y G l E  AFTER PIVOT CHANGE (DEG)m 

PIVOT T O  C G  A R M  4FTER PIVOT CHANGE ( I N ) '  6 . o o o o  PIVOT T o  CENTFR OF A R E A  A F T E R  CHANGE (IN)= 

P IPE AREA ( I N  90) '  75.0000 

DRAG ADDED INERTIA W4TER 
VELOCITY COEFFICIENT DUE T O  WATER 

ANGLE VALUE ANGLE VALUE TIME# 

-30.0000 
8 5 . 0 0 0 0  

0 . 0 0 0 0  
0 . 0 0 0 0  
0.00u0 
0.0000 
o , o o u o  
0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
0.0000 

1 5 0 0 r 0 0 0 0  
0 . 0 0 9 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
O.OOO0 

0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
O.0OOO 
0.0000 
O.OOO0 
0 1 0 0 0 0  
0,0000 
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 

0 . 1 0 0 0  
O . I I A O F  
O . O I O 0  
o . o n o o  
o .e?On 
o.fJ?on 
o . e o o n  
0 . 8 0 0 0  
0 . 0 0 0 0  
o . e e o o  
O . O O O ?  
0 . 1 0 0 0  

0 . 0 0 0 0  
1 .2500 
3 . 0 0 0 0  
0 , 0 0 0 0  
0.0000 
0 . 0 0 0 0  
0 . 0 0 0 0  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 0 0 0 0 0  
0.0000 

o . o o a o  

3 0  0 0 0 0  
7_5.0000 
10*0000 

~ 1 0 . 0 0 0 0  
1619097 

6 1 0 0 0 0  
5 . 0 0 0 0  
0.0000 
0.0000 

7 0 . 0 0 0 0  
0 . 0 1 0 0  
3 1 0 0 0 0  

VELOCITY 

30.0000 
-25 e 0 0 0  0 
-25 e 0 0 0  0 

0 0 0 0 0 0  
0 1 0 0 0 0  
0 . 0 0 6 0  
0 1 0 0 0 0  
0 . 0 0 0 0  
o * o o o o  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 1 0 0 0 0  



k 
0 

SLAM C o D e  Mol88 CHECK VALVE SLAM PRESSURE S I J R C F .  

THIS IS A SAMPLE PROBLEM OF AN A R T I C U L A T E D  SWING TYPE CYECK 
VALVE FOR THF S L 4 M  ( Y o 1 8 8 )  CODE, 

O U T W I T  

ANGLE OF DISC D I S C  WEIGHT 
T I M E  DISC ANGULAR ANGULAR MOMENT 

t SEC)  ( D E G R E E S )  ( R A D / S E C )  ( R A D / S E C  SO) ( I N - L B S )  
F R O M  VERT V E L O C I T Y  ACCELER. 

0.102 
0.202 
0.302 
0 . 4 0 2  
0.502 
0.602 
0 0702 
0.802 

64.5147 
63 e 1 1 1 5  
59eb870 
54 0733 
46.5746 
37 I5839 
26 8519 
13.2864 

-0.1053 
-0.4078 
-0.7916 
-1.1577 
-1 . 4458 
-1,6976 
- 2 . 0 8 2 7  
-2.9200 

-2 . 2222 
-3 6264 
-3 m 8965 
-3 3115 
- 2  5 0 4 1  
-2,8628 

-23.6930 
-4.7641 

066.5399 
-65.7431 
-63.6342 
-59.6893 
-53.5342 
-44.9570 
-35.2939 
r16.9400 

THE A R T I C U L A T E D  VALVE h A S  CHANGED P I V O T S  A T  THTS P O I N T .  

FLOW 
M 0 Ye U T 

( I N - L R S )  

50 4 9845 
40 ..T5dO 
34.35R4 

36.0052 
35 .5085  

24,4182 
-0 d 8 5 5 0  

-149r01ff9 

S P R I N G  
YOMENT 

f I N - L B S  1 

0 . 0 0 0 0  
0 ~ 0 0 0 0  

8 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 
Q, 0 0 0 0  
Q.OOOO 

a , o o o o  

I N E R T I A  
MOMENT 

( I N - L B S )  

-15.5554 

-27 . 2 7 5 7  
-25 9 3851 

-23.1808 
- 1 7 , 5 2 8 9  
-20 . 0395 
-33 e 3409 

-165 8 5 0 9  

MATEH 
VELOCATV 



i F c 

S L A V  CODF. M o i e e  CHECK V A L V E  S L A V  PRESSURE SIJRGE.  

T H I S  IS A S A V P L E  FRORLEM OF AN A Y T I C U L A T E D  SWING TYPE CHECK 
V A L V E  F O R  T H F  S L A M  (Mo l881  CODE. 

O U T P U T  

ANGlE OF DISC n I s c  W E I G H T  FLOW 
T I M E  DTSC ANGULAR A N G  U L AR MOMFNT MOVENT 

(SEC) I D E G H E t S  (RAD/SECI ( R A C I I S E C  SO) ( XNWLEIS) ( T N - L R S  1 
F R O M  VERT V E L O C ? T Y  ACCELER.  

THE A R T I C U L A T E D  V A L V E  REQUIRES A MUCH S M A L L E R  F I N I T E  DIFFERENCE 
I N C R E Y E N T  RETWEEN THE CLOSED P O S I T I O N  AND THE P O S I T I O N  FOR 
A R T I C U L A T I O N  THAN A F T E h  A R T T C U L A T I O M .  TWEREFOREI D U R I N G  THE FORYER 
I N T E R V L L I  T H E  S P C C I F I E E  INCREMENT 'IS R F D U C E D  BY A F 4 C T O R  OF 1 0 .  

0 . 8 3 0  
0,840 
0 850 
0.860 
0.870 
0.880 
0.890 
0.900 
0 908 

28 09BO 
25 0 7534 
2P 0 7636 
1AmY479 
14.0610 

7.7985 
-b r l 7EO 

-20 m 1062 
-10 . l e 2 0  

-3,6143 
-4.6108 
-5.8773 
-1.5120 
-9.6322 

-12.3299 
-15 05905 
-19 a4907 
-25.1789 

- e 8  . 74.99 
-1  11 7150 
-143.1014 
-105.7485 
-239.9842 
-299.2986 
-351.7041 
- 4 5 7 . 5 3 ~ 3  

~1400.0815 

* 4 1 , 6 6 0 6  
- 3 0  4324 
-34.2247 
-20.7211 
-PI .4913 
-12. O O l A  

0 2718 
15.6361 
S O .  5223 

THE I N Z T I A L  V A L V E  P O S I T I O N  
T H E  E X T I h G U I S H E D  V E L Q C l T Y  B A S E D  O N  THE E Q U A T I O N S  OF M O T I O N  
THE D E L T A  P COSPLSPONDING TO T H I S  E X T I G U I S H E D  V E L O C I T Y  
T H E  E X T I N G U I S H E D  V E L O C I T Y  B A S E D  ON THE SWEPT OUT VOLUME THEORY 
T H E  D E L T A  P C O R R E S P O N D I N G  TO T H I S  E X T I Q U I S H E D  V E L O C I T Y  

-579.5890 
-743.5733 
-96R.17453 

-~271 .c i183  
-1659.3979 
- 2 0 8 3 . 0 6 R 3  

-321R.4841 
-246?.2fJCI5 

- 9 ~ 3 i . n 9 2 7  

SPRINQ 
MOMENT 

I I N * L B S  

0 . 0 0 0 0  
8 . 0 0 0 0  
0 . 0 0 0 0  
O . O O O @ .  
0 . 0 0 0 0  

0 . 0 0 0 0  

@ , 0 0 0 0  

e.oooo 
e . o o o o  

f I N C H E S  1 3  64.7000 
t F T / ! l E C )  = -9.9373 

( P S I )  = -668.6622 
( F T I S E C )  = -8.2720 

(PSI) -556.6045 

I N E R T I A  HA I E K  
V P L O C l T Y  MOVENT 

t I N - L B S )  ( F T / S k C I  

-621.2496 
-782.0047 

-1300,2393 
-1679.8892 

- 1 0 0 2 o 2 7 0 0  

-2095.0901 
-2461.9288 
-3202.7680 
-9800.5704 

-6  5U5J 
-6.9453 
- 7 . 3 a 5 1  
- 7 . 8 C 5 3  
- 8  2653 
-6.7U53 
-9.1455 
- 9 , 5 9 5 3  
-9.9474 

t 




