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1.0 INTRODUCTION

The Hlydraulic Transient Thermal Analysis (HYTTHiA) ccmpuzer program is intended

for use by dejigners ,ith an interest in the thermal effect-; on tile performance of

an aircraft hydraulic system.

An aircraft hvdraulic system is basically a power source connected to several

loads. Under steady state conditions, where only the pump and fluid are moving

(the pump having internal moving parts), tile flows and pressures at various points

in the system can be calculated usi-ig non-time dep-ndent formulas. These conii-

tions are input for the evaluation of the temperatures throughout tile system caused

by interactions between the fluid and the components. The purip is the most common

source of heat to the syster.. It supplis work and heat to tile fluid. Other com-

ponents change temperatures in the system by altering the pressure and flow.

The program simulates complete systems. it calculates values of tlows,

pressures, state variables, component temperatures, fluid temperatures, and line

wall temperatures throughout the system.

The pcogram is composed of five basic parts; input, steady state calculations,

line calculations, component calculations, and output.

The designer inputs data describing the lines, components, and system

configuration. Since the simulation is only as good as the data, sowe of the

informaion required for components, .Such as a pump, is very detailed.

The steady state part of the program balances tile pressures and flows in the

system, and calculates values for all the system state variables. Once the initial

values are established at zero time, the program starts by calculating t-emperaLures

at different junctions in the system for a small change in time.

All lines are divLded into segments for the calculai-rns. Thc length of each

segment, when calculated, is equal to the fluid volume flow rate times tle time

step divided by the fluid1 cross sectional area. An integer number of segments are

1.0-1
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used, and the program adjusts the line segment lengths accordingly. The t-

interval, DELT, and segment length, DELTAX, may be input by tLh user. Thesl* ?..Cam-

eters must be chosen carefully because the finite difference backwards mode of

calculation can cause ins-ability and erroneous results if the Lime step is too

large. If this occurs, either decrease DELT or increase DE'I'AX.

Line segment tenperatures are calculated with its temperature from the previous

time and the updated temperature of the upstream line segment temperature and old

downstream line segment temperature. Line segment "emperatures are calculated each

time, in sequence, moving down the line with the flow. Component fluid and wall

temperatures are calculated next, Jsing updated temperatures from the upstream and

downstream line segments as boundary conditions.

The program continues the calculations at DELT intervals, first calculating

the lines' temperatures and then component temperatures.

The program selects the values that are to be used as output or to be plotted,

at specified time steps. It is not considered necessary to plot every value calcu-

lated. After calculations are completed, the output is printed and plotted.

1.0-2



2.0 TECHNICAL SUMMARY

The IIYTTIIA program is intended for use by engineers with varying interests.

Some will be concerned with the systems as a whole, while others will be interested

in detailed information from individual components or sections of systems.

IIYTTIIA uses a building block approach. This approach allows the user to ,.nt et

ins t,.,eus by adding special component subroutines to the existing component sub-

routine library, if required.

The . ,aslent thermal analysis uses a finite difference formulation for the

basic modes of heat transfer: convection, conduction, and radiation, plus mass

flow transfer and pres:.ure work Several modes are defined for the tines and com-

ponents of a system. A n,,e is a portion of a line or component of a specified

volume. These nodes inte; , t thermally ,,ith connecting nodes via the various modes

of heat transfer defined abre. At the e. d of each DELT, each fluid or wall (solid)

node is at itt- own temperat' re "he heat lalance for each node is defined in a

finite difference format. Node temperature, are determined by integrating, with

available computror techniques.

The input to the ;nalv;s are ,nitial temp ratures and pressures, and flow

disturbances which change temperatures i0 the sV. em. The output of the analvsi

is a time history of pressures, flows, a,-'l temperaLires at all nodes or connections

in the system. Selected system variables, which have been c'hanged 1., t ilt eon-

trolling input, may be output as well.

'ihis user's manual describes how the program can be -.bed, the method of

inputing the data, and the forms of the available outputs.

2.0-1



1.0 GENERAL I)ISCRIPTION

The program requires a detailed descriptiton of the system conditions, lines,

components, the output data; required and the system layout.

The system to be investigated must be carefully described in block diagram

form befo-e the data Input cards can be produced. See Figure 3.0-1.

lhe lnes are numbered sequenti Ily and have designated upstream and down-

stream ends. For simplicity this should follow a reasonable sequence, through the

system. One l ine number can be used to represent any number of I [nes in a series

provided the diameter, wall thickness, and line type and material of each line

art- identical. A branch may be used to connect two lines of different diameters.

The components which include line junctions or branches are then numbered as a

separate sequence. Both sequences start at #I and there should be no missing

numbers.

Once the I "nes and components have been numbered, the next job is to assign

nembers to points or nodes (not the same as line or component nodes) at which the

flow divides or combines under steady state flow conditions.

The pump is usualiv assigned as node 1, since it is the flow source. If ,'he

system has two pumps, the second pump is node #2, and so on. Once the nodes are

ail1 numberod, the legs or flow paths between nodes are t'en numbercd until all the

flow naths betweern nodes are accounted for.

The system should now have numbers assigned to all the lines, components,

nodes, and legs. Also, (omponent connection numbers and leg flow direction should

be used so that the proper line number and flow sign can be assigned to each

speci fic component connection.

The preparation of the input data for each of these groups Ls described in

the following paragraphs.

3.0-1
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5.0 11NE DATA

6.0 COMPONENT DATA

7.0 SYSTEM AR RANGEMENT DATA

8.0 OUTPUT REQUIREMENT DATA

This data is needed for all system simulations and rules for the input

should be followed carefully to avoid -eiected runs.

It should be noted that the current riaxivium number of lines (MNLINE)

components (MNEL), legs (MNLEG) nod(s, (MNODE' , plots (MNPLOf) and line points

(MNLPTS) that can be input are establ'ihied in Block Data. Hence Block Data

must be changed if any of these maximum., values are exceeded when inputting a

system.

To have the subroutines selec: the ceirra(L properties, each subroutine has one

or more inputs of material type. Th;is mateti,., type is a number associated with a

certain metal, listed below, and , t- be use for each subroutine in the program.

MTYPE MAT1ERIAL TYPE

I TitLan i um 6AL-2SN-4ZR-2MO
2 Titanium 6AL-4V
3 .tanium 6AL-6V-2SN
4 1LX.inum 2014
5 1 luminum 2024-T6
6 Aluminum 6061-T6
7 Aluminum 7075-T6
8 Steel 4130
9 Steel 301

10 Steel 304
I1 Steel 17-4111
12 Steel A286
13 Teflon --

Another input for each component is a D(PERC) term.

D(PERCi is used to evaluate how much of the heat, generated by a

pressure d:op, is added directly into the fluid. A value of 1.0 - D(PERC) of

that heat is added into the walls in contact with the fluid. Normally D(PERC)

equals 1.0.
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Description of Figure 3.0-1

Figure 3.0-1 shows a simple hydraulic .,ystem utilizing lines and different

types of components currently in the program. This system illustrates how lines,

components, connections, legs and nodes are numbered. As an aid, the integer data

shown on the following example data cards have been input to reflect this system

where applicable.

1. Symbol Definition

Symbol Description

NXX Node number XX

CYY Component number YY

2. Assignment of Leg Numbers

Once node points are established, leg numbers are set up to represent component(s)

and or lines between nodes as follows.

Leg. No. Leg Goes From

1 *N7 to N1
2 NI to N6
3 N3 to N4
4 N3 to NS
5 N5 to N4
6 N4 to N6
7 N6 to N7*
8 N2 to N3
9 *N8 to N2
10 N2 to N9

11 NI to N2

*Type 62 reservoir is unique in that its two nodes don't require a

connecting leg.
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4.0 CONTROL DATA

4. 1 GENERAL CONTROL DATA

'this group includes three cards which set up the program title, time

intervals, fluid temperature and type, number of lines and Pomponents and

pressures.

Card I - This card inputs the program title. A maximum of 80 alphameric

characters can be used in the title starting at card column 1.

Example Card:

0 00 0 00 aa a 1 0001j00000050 0:0 0 0 000 00 0 0,~~0 000 O0~~ 0 0 0 0 0 0A 00 0 0 0 0 0 0: 0 0 0

I m A1 I 11 )2211 6 'I is l3 21 4j~i It 1 1 1 1 A. 06 At 1 41 h 1? 5 I 1; v 11 t11 11 l11toi 1 '11 t i3' I'

I| I I I
I l I I I

33333,33333 3- 33,33 3 333333'-3 333333 33333 33333-3 . 33333 3,3333333 ,3333333
SI I I I

I1fh 4 1 4 4 4 44 44444] 44 4444444 444444= 444 SIR a- F4

lit1 t1 11 22 41 1 1H H R 1 . 1 lI 11 1i ,4 1e 4:14 I 1. 151 o I s IT
6666656666666'66 66 66666 666666666666S6666665666616666 6'666666666666666666 C 666E I I

MCOONNELL AUTOMATION COMPANY : I I

I 1I)I I IIIi ., ,I

""" SOL'8'81 8 8 888 S lS SS SS ,

9S 9999,9g 99 S 9 99" q qi 9 5 1 AS1 I 1 1 19 1 9 1 gi l , 11:9 9 l :1111 911 1 9 99 99 19 99 9 9 19 9 9 9:1 9 99 9 ,9 9 9 99 9
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Card 2 - This card Inputs data for the number of lines and components, and three

times. Time one is the calculatic i time interval used as the main program

time step. The second time is the total calculation time until program stops,

and time three is the plotting time interval.

The time step should not be so large as to let the fluid travel further

than the segment length, DELTAX during that time. If the time is chosen too large,

the line routine will recalculate the segment length.

DELTAX = flow * time step
fluid cross sectional area

The plotting time interval is selected to suit the output device, the

minimum being the calculation time interval. The actual value is usually

chosen to give 101 plotted points (i.e. = final time - 100 or N times the

calculation time interval so that every Nth calculated point is plotted).

4.0-2



CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-5 15 Total Number of Lines

6-10 15 1 Total Number of Components

11-20 E1O.O Calculation Time Interval, DELT I SEC

21-MO E1O.O Final Time _ SEC

31-40 EIO.O Plotting Time Interval I SEC

-I -- 1
__ _ __ _I ..... _ I __ _ _ _ _ _ _ _ _ _ _ _ -- 1I _ _ _ _ _ _ _ _ _

EXAMPIE CARD

S I SI I' I N ,{I ll' I'I 23 4S t? 5 30i' 4, , II I

S , 1 I 1 ! 1 I I I I I I I I I I I I I I I I I I i I I I I t Ii I

7 2,.1 7, Z. .. 1 .I .1 1 1 1

3^333:334 3 3333,3 33 3333 3 ;3333 13 3 3 3 ;31 3333 33333 33 33 133 33 3,3 . 333
I ! I I

* I r I I

4 4 14 4 444 4 4 1 1. 4I141444444 40 1 1~ S I I44444 P : 1 11 1 1' 1: 14 1 144 4 1 44 1 1 444

G 6'S '6 66 ,6 66 &6 66 6 6 ;6 5 6 6 66 6 6 6 G6 6 6 6 66tr66 6 86G) 5 66 6 6 6', 6 66
MCOONNLL AUTOMATION COMPANY

, I, I , ,,I

8 E388 48888 3 8188 A--.! 8 18a 886888 - 8886 8b 188888 a888 S 88F 88 a888888 8 94 89858888 88 86 8 ,

39999 3 99 3 9999 33 99 99 99 999 9 !9 9 9 9 9,9 39 939 999 9 39999 ' 9 39 3 9 9 3 99"9 99
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Card 3 - The first value is the fluid type. The program is set up to run with

either of the following fluid types at any temperature from -65*F to 300 0F. If a

computed temperature exceeds 300*F, the fluid properties at 300*F are used.

Type #1 MIL-H-5606B

Type #2 MIL-H-83282

Type #3 Skydrol 500B

The fluid type number selects the fluid data to be used from tabulated

data stored in the program and adjusts the fluid properties to the computed

pressure.

The second value is the fluid temperature throughout the system. This

is intended as a default value should the user forget to enter the fluid

temperature on the component cards. The fluid temperature will default to 100°F

if this column is left blank.

The third value is the fluid vapor pressure at the fluid temperature.

Note: If the vapor pressure is not input the program will use a value of 2 psia.

The last value is the atmospheric pressure at the conditions of the run.

The valve 14.7, atmospheric pressure at sea level will be used if this

value is not input.

4.0-4



CARD NUMBER 3

COLUMN FORMIAT DATA DIMENSIONS

1-5 15 Fluid Type NumberI

6-11 ElO.O Fluid Temperature OF

16-2S E10.0 Fluid Vapor Pressure 1--
Th6-3 5 E10.0 Atmos,)her ic Pressure ____________I PSI

EXAMPLE___ CARD_____________________ ___________________

__ __ __ __ Y5___ _ __ _ __ _ _ __ _ _ _ I5 _____6___o___ ) 1 S

0___________ 0 0 0 00 0 0 0 0 00 010 0 0 0 0 0 0010 0 0 a a0 0 0 00 0 0 0 a 00 0 0: 0 0 0 0 0 00 0:0 0 a 0a 0 0 0;0___________0____a__________________a___0_______________________ 0___ 0

I___ lot_ I I -11 I__ Ii i i_1__1, ..a_1i 2 U ' 3 4 1: , 1_1it 4 4_4 ,1 4_4 1 o_ 1 1U 11141V 111 1 1 11

___2 _ _ 2 2 _22 __2_2222__2_222 2 I 22 :2__222_2____2__2_22_2__2__2222__72_12__?_2___2__22 T__ _ _ _ _ _ _ _ _ _ _ _ _ 1__2_2_1"?____ 2____

3 3_______ 3 3 ____3333______ 333_____3133 33j3: 3333 1 3333 :3333 1 3 313_______________ 3___3___3___313_____3___3___J_ 1_______________ 3 I

a 88 . 1 ' II 8 7 aa I 8 81 g 8 78 ~1 7877 G 8 c" 84 8 aa I a 8 :;188, 874 8 87!888 8 8 a8 .: 8:8;8 81 I 8 a 8 a ai I818~ a 8a
9 9 91:1111 9ii 91 9I 9' 31 1 I9 91 I! 5 1 'I 9 II

19 99 99 1 9 951 ?1 1919 ;119 191 19 : 999 991 :1 1
33 3 3 33 3 3 it 3333333 . 33331 tIA1 1 1I 4"1 9 Pb1 11" 611150% 1 $$)1S 1"V01 46 Is t4 1 1 3333Il

444 4444444.44444414444 4:44444414 44441414444444 1 41444

II 1718 4.0-5



5.0 LINE DATA

The nutiber of cards used in this group will be twice the number of lines

entered on card 2 (two cards for each line). An error message will be written

when the number of lines exceeds the maximum number specified in block data and

the program will stop. A line number may not be omitted or used twice.

To differentiate between rigid lines and flexible hoses the material type

will be used. The same mathematical equations are involved with both types of

lines so the same routine is used for each.

True bend angles less than 90' are summed and input in columns 31-35. Bend

angles equal to or greater than 900 are summed and input in columns 36-40.

Card number two of the line data is self explanatory except for the heat

transfer coefficient. If not input by user then the program will set it ecual

to 0.0069 which is a value nearly equal to that for still air.

5.0-I
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CARD NUMBER 1

COLUMN FORMAT DATA DIMENSIONS

1-5 15 Line Number

6-10 15 Material Type Number

11-15 15 Percentage Increase in Line Friction I

16-20 15 Percentage Increase in Weight -

21-25 I 15 Number of 450 Elbows -

26-30 15 Number of 900 Elbows
I

31-35 15 Total Bend Angles Less than 900 DEG
*1

36-40 15 Total 'end Angles Greater than 90' DEG

EXAMPLE CARD

-~~~~ ZG 1 7. ? 5 24 ; 1 t47 ' 3 2 13~ l3 73 4~~ 4 4 4.3433 33

00 0,000000000,0 000 00 00 00000 0000 000 0 00000A 0000,00000vi0000'000 O 00 0o 0 0 o 000 o o 000a000

; 4 
I I 1 11 1 1 q 

it 41 

33 

A 11 344 1h

I

l 41 *3 Is 
33 1 54 11, 

1 3 1 1 4 ; 5, 4 1 4' Is

22222122222222222 22222222'2222222222 222222222'22222 222 22'22722222 ?222222222," 222
, 3 I ,I ,I 3

44441444 44444444444444444444144444,44444 4444 44444444,44441
I I I I I I F It I 4 4 4 4 4I444

4MDONNELL AUTOMAION COMPANY I I I I

3 9 ttt l [ 9t 9 9:9 999 3 9 9 ! 11 I11 1111 1 !11 1 1 1 9 999 9 999 9 99 9 9 9 91 9 9 3 !i! 9 9 9 91 99 9t 9 99 9 St 99 9 999m 9 9 S 9

II I I I I f I

1 77$1 ,7 1 1 7' I 11 11 'Y1 7174 11131 1 11 1 17 )sit ' l 11 I 1 41 0 41 II 11 " 1 ' 1 5114 I s Is 1 .1717777 17t1 V IS1111 ' '

5.0-2
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CARD NUMBER 2

COLUM FORMAT DATA DIMENSIONS

1-10 ElO. 0 TOTAL. LINE LENGTH INCLUDING FITTrINGS 1 IN.

11 -20 E10.0 OUTS IDE 1LINE DIAMETER _____________ IN.

21-30 E10.0 LINE WALL TmICKNESS I IN.

31-40 E10. 0 LENGTHi Oi' LINE SEGMENT (DE1.TAX0 IN.

41-50 IE10.O HEAT TRANSFER COEFFICIENT, WALL TO ATMOSPllZRE IATl2o.

51_0_____fRRUNIN 22RCTUETEMERTURE ______

EXAMPLE CARD

2Es1 ,,2,i" o' StI124l 351 '5 .4 A A 44~4 4440 * %% 0Vp III I4,

1 4 % 7 t " 2 20 so5 5 3, e 4*4 41* ~ ~ .

0 9 00a 0;0 0 0 CI 00 0 00000 00a 610 0a0CO 00 0 50 a0 0 0CO 0ooojotoo0 0 0:0 oajoo 0 0 0 a0 0 0 0 00 0 C;O 00 0!0o oo0 0 00:0Q

333;3;3 333333 i333 21333333I3333333333'*i3333jjjj3:33' 3Ul33333l 333391333 J J333 3*E

4 44 4 1: 4 4 44 4 44444 4 4 444 4 4444 44 4 44 4-44 114- '4 4 4 14~ 4' 4 4 44 4444 44 4 4;4 144 44 44 1 44 4

14 '5! , I 1 11 ? I 11 14 11 I J9 11 1, 1 1) 1 11.. Is is 44 41 41 144 4 1 &1 )1 VI I ) lv $' s 6 1,& 1 . , I Is6 . 1 ,

6 6 66 616 6 66 6 66 6666 666 66 6616 6 666 6 56 6 66 6 66 66 66 64 6 6 6 6 66 6 66 666 6 6566 666 6 6 66 66 6 66 666

* P~MCOONNELL AUTrOMArioNv COMPANY I

1 ) 1 1 10 I I 11 110 1 IS 00II 010 JuI$ 1 1 )1 1 111)01 is 1 11 1 0 v t 01 t' jS t6 10010 ti P 0tV6 11 0 1 190 1
C* -- --

I , I 5 .0 -3



6. 0 COMPONENT DATA

Components are classified as anything that is not a line, and includes

such things as branches, pumps, reservoirs, valves, actuators, etc.

The cards required to input the data for each component are as follows:

First Card

This card inputs the integer data which includes the component number

assigned, tile component type number, number of real data cards for tie component,

and line numbers (either negative or positive depending whether the upstream

or downstream end of the line is connected to the component.) Any card data

fields not required are to be left blank. All components have pre-assigned

connection numbers. The input data assigns line numbers to these component

connection numbers. A -ye sign in front of the line number is used if the

connection is attac ed to the upstream end of the line. A +ve number is used

to indicate that tht component connection is attached to rhe downstream end

of the line.

Following Cards

These input the read data, if any, for the component. The number of

real data cards to be read is specified on the first integer card in columns 11-15.

To summarize thie component cards are input in the following order

Component #1 Integer Card

Data Cards

Component #2 Integer Card

Data Cards
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And so on unt ii the number of integer cards read, equal , the number of components.

It is advisable to keep the component cards in order to avoid confusion and

perhaps the chance of having a missing number. The program stops if a number

is found to be missing. The data required for each component is described in

detail in tile following paragraphs.

The components are grouped under general type numbers for converjenre.

Type #s Component Types

I - 9 Not assigned

10 - 19 Branches

20 - 29 Control Valves

30 - 39 Check Valves

40 - 49 Restrictors

50 - 59 Pumps

60 - 69 Reservoirs/Ifeat Exchangers

70 - 79 Accumulators

80 - 89 Fi[tcrs

90 - 99 Control Subroutines

100 - 119 Actuators

If a new component of any above types is to be used in a system, the

following changes will have to be made to the program.

I. A new component subroutine must be created. The name should be

similar to the old name except for the last digit which should

be the next available digit in the sequence.

2. The new subroutine call must be added to TCOMPA subroutine in its

respective group.

3. Make any necessary changes to TCOMPA to allow isolation and control

to be passed to the new component subroutine.
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4. The init ialization data for the new component subroutine must be

added to Block Data (See Volume II).

5. The new subroutine must then be loaded into the file being used.

Newly created accumulator subroutine wo,,id be named TACUM72. TCOMPA

would be changed to tle following.

270 CONTINUE

GO TO (271,272,400), KTYPE-70

271 CALL TACUM71 (D(N1),I)\N2),DD(N3),L(N4))

GO TO 400

272 CALL TACUM72 (I)(Ni),D(N2),DD(N3),L(N4))

GO TO 400

280 CONTINUE
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6. 10 BRANCHES

A branch is a connection used to join two or more lines or to cap off a

line. The following is currently included in the program.

TYPE #11 Frictionless Branch (TBRANIl)
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6.11 FRICTIONLESS BRANCH Junction

-,..,. - 4

Y-Granch V

BRANCH MASS

VOLUME OF FLUID
IN BRANCH

1Cros Branch

I I

FIGURE 6.11-1

Type No. 11 Frictionless Branch

Type 11 is a frictionless branch with one through four connections.

With one connecting line, the line is blanked off. With two connecting lines,

the branch becomes a union between the two lines. With three or four

connections the branch becomes a "Y" or "T" or a "cross", respectively.

The branch fluid and wall temperatures are calculated.
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'" BRAN I I

CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 11

11-15 15 Number of Real Data Cards = 2

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

0000 a o0 0 o00o 00000'0a01a00000"0 0 0000 000000008000000000000000 0 iO0 0OQ 0000000
I I I I ll I II II I III I II I II II I I I I iiti 1 I1 11114 11I1I I If II I I A I II 11 I Il i Iy I 'll",

1 - I II

4 411. 444 444:4 444 4114 4 Ei4 44 4 4 444 44 4 44 444 4 44 44 4 444 44 44 4 1~ A4 444
j 1 Yl .11 1 8 n o 44'2,o.444II I I ' At

555 5 55 555 5 5 5 5 5A5 55555555555555 555;1555555.5555155555

I A 4

6% 65 6 6666 66666 66666666656 66 6 166 666 66 6166'6 66 6 66 6565 6 666 6 6166565565556 6 ES6 6 6
UMCDONNELL AUTOMArtON COMPANY :

I I ii11 ' 1 18 l18181 ' 118 1l1871 87Jl 1817l71111?l11,I I1 ! .

q9 9 9 9,9 99 gil 9.9 9 9 9 i ! 9 l 9 19 il I9 9, 99 119 9 99 99199, 9 9 9 99 9 9 9 i 9 9 9 agl 9919 t, 89 :18' 99 t 9
,4 n l 1 3 4 6 1 1n l 1 1 4 b i - 1 fAt t4 t$ I q i ,t 1 ,*$ 4 1 U .16 A . W 41 f S o6 I s ,
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'B RAN I I
CARD NUM,,BER 2

COLUMN FORMATI DATA IDIMENSIONS

1-10 EIO.O BRANCH MATERIAL TYPF I -

11-20 E10.0 BRAK.GHl MASS rn-

21-30 E1O.0 VOLUME OF FLUID IN BRANCH I CUBIC fN.

31-40 E10.0 AVERAGE DISTANCE FROM INLET TO OUTLET IN.
i(ALL COMBINATIONS INCLUDED) I

41-50 IlO* O EXTERNAL SURFACE AREA OF BRANCH IN. 2

51-60 E10.0 SURFACE AREA FLUID TO BRANCH CASE IN.-

61-70 IE10. 0 IHEAT TRANSFER COEFF. BRANCH TO ATMOSPH~ERE WAIT/I N 2 - F

71-80 EIO. 0 TEMPERATURE OF SURROUND)ING STRUCTUEI ________I

71 8 ______ L -- -- I-_ _ _ _ _ _ _ _ _ _

EXAMPLE CARD

! 0OOI0IO 0 000 1 0000 000 7, 510a 1 00000 0000G 00000 ic0600, 00000 0

i4 000 000100 0,0 It 0I 1~ O41 31 o 11 tj ):11,

333 3 1333 i333 3;3 331333333 33 33 3 ;3 33 33 3 3 3 3 3 3i l 3 1 3, i 3 3 33 3 33'3,3 3 33

4 4 14,4 44 44 4 4 444 44 44 44 44 444 44 44 44 4 w4 44114 44 4414 44 4 4 4 4 44 44444 4 4 44 44 A4 4444 414 4 44 4

I MCOONNELL AUTOMATION COMPANY

85888 8 8 38888 ooa8 8888888 a ial88808le 088 60SC688! 088, 880888

999:9 9~ 9 , 1 919 99 11i 9 9 9 9 9 999,9 9 9 9 919 9 99 999 99 9 9 
99 99 9 999 99 99 9 j99 9 993H99 99
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CARD NUMBER 3

COLUMN FO.IATJ DATA DIMENSIONS

1-10 E1O. 0 SURROUNDING ATMOSPHERIC TEMPERATURE F

11-20 E1O.0 INITIAL TEMPERATURE OF BRANCH FLUID "F

21-30 E1O.O INITIAL TEMPERATURE OF BRANCH WALLS OF

31-40 E1O.0

41-50 EIO.O

51-60 EIO.O

61-70 E10.0L_______
71-80 EIO.O

EXAMPLE CARD

S I

leeS ~ 2 Eel 75~M ??l.?i??* T'4 '1 1p4 4 ' 1141lqe. 7.', -1 4.. 41.,. I
000 o:7 00500 0000 0000 0' 000 087 ? J 0 "0 O '000000000 0'00 00000000 0 0 00000

' 14' 1 1 ' *74'II,11 1,I7I 1 2l4 2$h s mI t 11 4 l I IT~, * 1 , 1 ~ 1 1 61 I s 61 12 .. '7 1 A 5'. 16 11~ 1 .fIi 1 'sI I I fI 16 ItI

I I I
I I

3 33 33- 3 3N- 33 33; 3 33,333 333311 3 333 333 3 3 33333333333333333 3333 333 3 -333 33 i33 33 33 33 3331333 333
' I 1 I I ' I, '

4 4 444.4 44 4 4 4444414 44 44 4 44 441444 44 44 4 44-4 44 14 44 4 4414 44 4 444 4 4 44 444 1444144 44444 444 4 44 4
I [I I 1 11 24 ;1 77 I 1 is; : -I f i it 171 it I a 84: 1 2 4 7 r o 77 4 7 a ' I , II

5 5 ,55 , 555 5 55 5 5 5, 5 5 ,, 555555515555555555555 5 5 5 t 555 ., 5 55 5
i s ! s I I

6 6 6 6 666 6 5 6 6 6 6 5 66 6 6 616 6 6664 6 66 616 6 6,6 6 65 6MO N N L 5b 6 6 6160 i g 6 G S 1. : E s E s 6 i6 6: b' 6 6 "

* MCONNELL AUTOMATION COMPANY' I

I I i i I I ')

SI 4 I I I:

II I ! I I t
99999:9 9 9 99 9 9 9 :I: 1 1 9 9 5 1II I1 I 9 99 3 9 9 9 9 9 9 9 9 9 I g99 I9 9 9 9 991 9i9 J 99 .99999 39999 S

1 9 ! i f | II I Ii 6 1111 11 IIII) ti lliI MI llm) 11 V .
"

' S, Ill
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1 6.20 CONTROL VALVES

Control valves, either shut-off or modulating type, can be simulated

by inputting the valve opening characteristics 
versus time. The following

are currently included in the program.

Type #21 Two-way Control Valve (TVALV21)

Type 122 Three-way or Four-Way Valve (TVALV22)
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6.20 CONTROL VALVES

Control valves, either shut-off or modulating 
type, can be simulated

by inputting the valve opening characteristics 
versus time. The following

are currently included in the program.

Type #21 Two-way Control Valve (TVALV21)

Type #22 Three-way or Four-Way Valve (TVALV22)
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6.21 TYPE #21 TWO-WAY CONTROL VALVE,

l " + ve Displacement

lI ST. FROM ENTRANCE
"- TO EXIT

Pr1STO N MA SS

VALVE MASS Flow

CROSS SECTIONAL OF TIE
FLUID INSIDE
VALVE

"-Connection No. 2

VOLUME INSTDE VALVE

Connection No. 1

(W"I' O0Oq re

FIGURE 6.21-1
TYPE NO. 21 TWO-WAY VALVE

!vpe ,i21 valve uses an externally controlled time history input. Thc

valve opening versus time derived from the tabulated data input on the fifth

and sixth data cards. The total number input on both the time and displace-

ment tables must be oqual to the number input in columns 26--30 of card number

one. The valve fluid and wall temperatures are calculated.
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TVAIV2 1

CARD NUMBER 1

COLUMN FORMT DATA

1-5 15 Component Number

6-10 15 Type Number m 21

11-15 15 Number of Real Data Cards - 4 or more

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Number of data points in table

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15 __

[76-80 T5

EXAMPLE CARD

0 0000000000000000000000000 C 00 000000 00 0 0 00 80000 n 0 o0 000 00 0 0 0 000 0:0 00 00a
I: is~ is3: 113'*'6 3 6 1 I f 3' 34 ;3 1 Is 18 4 ) 636 if ,140 16 4133, )1 11 3 3 1 f, $C1111 61 1 3 is 4 '1 ' 1 1

I I I I t2 72 222 2 2 2 2 :12 2 22 2 2 22222212222 227222222 2222,2 22 22 22.2 2 2 22 2 2 2 2 ' 2

3 ) 1333 3 33 333 3 3333 33333 33 33 3 3 13 33 3 3333 3,3 3 33 33 3331 3 33 3 3 3 ' 3 1 33

I , I , I , , s:,I I -- , 1* I 1)IH1,1 11 :,; ,, .... If, 0 1i , g :A 1 f6 '1 ,, .,.,,,, ., I ....- .,:
5 55s5'5,55 5 5555 5 E5 5 55 5 55 55)5 55 ~5 5 55 5,5555555 55 55 5 55 55 55)5 5 555 5555 5;; 55 5 555 5 5 j

S5666666656S66'6 666 65666 6 666 666666' 66666666666 b6 66 66 66 666666666 6 6
MCONNELL AUTOMArTON COMPANY

is90 8843 a8 000 1 0 ,a8 88080 Ila a80 880080 83e8 a8 800800 0080 08 8,8S 9 9 9 1 9

993 99 9 9 , 193 151 Ilt 9 9 99 9 99 9 9 99 919 9 9 9 9 9 9 S 9i9 9 9 9 99 9. 9 9 9 9 9
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TVALV 21

CARD NUMBER 2

COLUMN FORMAT DATA DIMENS IONS

1-10 EIO. 0 VALVE MATERIAL TYPE 

11-20 E1O.0 PISTON MxTIRIAL TYPE _ -

21-30 E1O.0 VALVE MASS [ Bi

31-40 E10.0 PISTON MASS LBm

41-50 EIO.O DISTANCE FROM ENT. TO EXIT OF VALVE IN.

51-60 EIO.0 VOLUME INSIDE VALVE IN.)

61-70 E1O.O SURFACE AREA ATMOSPHERE TO VALVE WALL IN. 2

I N.2
71-80 E1O.0 SURFACE AREA FLUI) TO VALVE WALL I

I l -- _ _ _ _ _ _ _ _ _ _ _ _ _.

EXAMPLE CARD

0009oa aaolaa a oo a 0l a1 0 a o' Gao 0000000 o io a s a 0 0 a 0:00 0 0 00 10 0 00 01 000 o a 0a 0 0 0 aa 0 aa0
3 3 '4 I $:,1 11 '1 II1, 333 l .113 4 ,)AItoI II 34 3.. 11 4 A 4; - V 4.41 ,t I 41 , , :)l .I i t', '3 ' II t 4o I'm I ' . ,

2 :22222 2 2 2 22 2 2 2 2 7 72 2 2 22 72 22 2 2 7; 22 2 2"? 7 2 2Z2? 27?22 2 22 7222 2 22 2 272?2' 2 ,
33 1 '3 1 3 3 3 13 [j33 3 3 3 '3 j333333333

3333333333333333333333ii33 33:31i 13333

4 444 4:444 44 44 44 414 44 44 44 4 4414 441 4 44 44144 44 44 44 4444444 414 1 44414444 4144444 4 4 4A 44 44
I A 3 v I I ') A %: I 1 I l 1 I3 3 1 m ' ~ ' i ' I I I 11 4' 4 :I I a A a' 1 1 A s' '4 q ,131 1 s'

55S'5 55 555555555'555555 : 5555555 s' ss' ss sss ssss S ' S

I I
[II I I I ,

1771:711 111MCoONNE:LL AU'rOMAr1ON COMPANY

, , I , I , l I ,71 7 7J771 I , I ,1ll 1

iIoi i I I I ,

S 9 ''l I SIS'l 9;9 9 91''|[I 39 1' ''° 9 ,999 9+9 9 9 99 9 9 99919 999 99 99 99 9~ 9,(' 9.99 9 9'99

S 4 3 I 3 lI ' I 14 II I4' 4I1 33I 3333 4I331333)1 Vi 3 33 , 334 3
I 

3t 'Pe l I ' 333I 1 4334 II *+ II I ' 43 433 ,' ,)33I 4 333 3' 334 .,) I ! I .t 1l3413133 ' 1l 1111'' +' I 'l ,
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CARD NUMBER 3

COLUMN FORMAT I DATA DIMENSIONS

1-10 E1O.O SURFACE AREA FLUID TO PISTON IN. 2

11-20 E0.O CROSS SECTIONAL AREA OF THE FLUID INSIDE VALVE IN.-

- - OP AT F'NTRANCF

21-30 E10.O HEAT TRANSFER COEFF. ATMOSPHERE TO VALVE I WATT/IN. 2 -F

31-40 E10.0 PERCENTAGE HEAT ADDED TO FLUID (DUE TO AP)

41-50 IO 0 SURROUNDING STRUCTURE TEMPERATURE OF

51-60 E10.O SURROUNDING ATMOSPHERE TEMPERATURE F

61-70 E10.0 INITIAL TEMPERATURE OF THE FLUID F

0
71-80 E10.0 INITIAL TEMPERATURE OF THE VALVE WALLS F

EXAMPLE CARD

1 I . 1 ' . -7 . A 1 *1 to 2 2 '. 1 p ~ J 14 71 o4 5, m

00 o a00 0000 0 000;0 0 000000 0a00 000000 0000000a000 0 009;0 10 0 0 00,00000 00 000:00000
11 1 1: 1 1 41 11 )l I1 $1 1 1 1 IIII I 11 11to ;'6 11 11 ':' 1 '11 1 1: I I tI t

2 2 2 2 222 22 22 22,, 22 22 2 2:2 2 2 22 2 2 ?2 2;2 72 2 2 2? ? 2 22 2 2 2 222 2 2,77 ? 2 7 22 2 2? 2', 2 2 2 2 2 7 7:2 11I? 2

33:3 33 313 313 ,2'3i3i33333 333 3 j3 3 3,133 3 333 3 3 3333 3333il33333;33i3 333iJ3 3 1ii

44444,444 J£.144444:4444444444:4444444444:444444 4 4 :4 4 4 4 4I4 A
:1 ' i'' :1 I'II I

G 6666 616 6666-6c 6616 , G666666 "G6 0 6 6:066 6 6666606660 66,666 666666 6 0 6 6 6666
MCDONNEI. l AUrAo4ArIOl COMPANY : Ii t 1 1 1:1 1 1 1 1 I 11 111 '111 11 1 111 1 1111 1 I 18 1 t I1 1 1 1 1 1 1 I 1 1 1 1 I I I 7 1 I11 1 1 1 11 1 1 ., 1 1 1 17

I I I o = I

O's 86 a 8 88 8: i '2 8 611 a1 18a 8 9 88 0 8-8 00 8 a 8 0aaa8 8 000 a8 00 1

,9.9s :9!s 19 19 gis 9 9 S I 15 g91.9 9 9 9 9 9 9 9 9 9 9 9 9 9 9399999:999 9 9 s 9 9 99 1913 9 9 9 9 99 9
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CARD NUMBER 4

COLUMN FORMATI DATA DIMENSIONS

1-10 E10.0 VALVE SLOT WIDTH -- -IN.

120 E10.0 DISCHARGE COEFF.

21-30 E1O.O

31-40 E10.0 ________________

41-50 IEIO.O

71-80 JE10.0 __________-

EXAMPLE CARD

44 4 4 44 4 4 ,44 4 4 4 414 4 4 4 4 23 33 3 4 4 4 34 H H4 4 44 4 4g4 4 4344 .414 4 4 14 '44 4 4 "44 V3~4 44 433 4 4 4 434 '

a.~'3.5,b' .2is 2?345t i 12, " " " "3* '33 4. "4*4** ' "!3S ,4. .A59

6 6 6 i s i sI ' 1 1666 1 1 1
MIONL AU3A-0 COPN

3 1 aOo?2 8g 8 8o: 8 1 : 1 8 1 8 oil 8 8 a z22z8za Iza 2?az? 8 z:z 1 '8aa??8e8! 888 888 888?Va2822788 2 388

9 2 33:9 1 99 9933g9: 99333j 99 :333 199 99 93 99 99 99 333333313 19 9 9 91 9 9 99 99 9919 9 9 9 99 11 9 ss s

4I4I.4)444 444 4 4 4 4 4 44 4 4 4441)11 in 1) 4 01 4 1144444444,44U 44 44 '44 4444 44444444444446 .1o s % s11t 6 8 11, 1 1

43 II4~47 ,43~3 4.3~213' 1334.127'.31 6.:2 214'3434444'4''444 53 2,43 33 ~'' 3 34



CARD NUMBER 5

COLUMN FORMAT j DATA DIMENSIONS

1-10 E10.0 First Time Valve - Should Be 0.0 Sec.

11-20 E10.0 (Enter As Many Time Values As j Sec.

r210~E10.0 Required Using As Many Columns

I31-40 E1O.0 and Cards As Necessary - Final timeI

41-50 IEIO.0 Should be the Final Calculation Time).

51-60 E10.0

61-70 1ElO.O

EXAMPLE CARD

*~~2 P, ?. n. 2. 5'.* 0 l~ 45l7 f . 1,1 3 .1' 11 . j~ . 4 4 , v 11. ~ *

c C 0 0 o 0 0 O0 060 000 0 aa0 0000 010 a0 00 00 00 00 00 00 0 00 0 00 0 0 010 0 00 oo0 a 0 0 0100 0 0;0 0 00 0000 0:0 0 00 0

e? ,~2 2222? 2?222222?12?'?? 2222; =2? ,22:72 2 22.12??? 2122:22??2'???? V2 22

3 3 33 3:3333 3 ~3 33 3 3 33 E 33 3 33 3 3 33 j 3 3 3 3 3: 3 3;3 3 33 j!3 3 33 3)3 3 313 3 33 3"3 3 33 3 333 33,33 33 3

4 4 4 : : 1 : 1, 4 44414 4 44 4 1 4 44 414 4 44 414 44 44144 44 A4 4 44 4 44 4

II 1 31 1:11 1

?1 ' 0 0 ' 666006060000666
906 ' 0 0 0 6 66 66 00 6 6' 0 666 01 ' 16 a f' 606 a88888a88 ,

MCONL AUOATO COPA 9 1711 999991 999999999999 : S1' ,19939 1 771799 91

I 1 11 4 1 t1 t 7 iIs 1 j i 1 ?1 tI f 11 tA 11. 11 1 tS ,1 114i .5 t$9I 11 4 isI '$ t 181 4 ' 9'
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CARD NUMBER 6

COLUMN IFORMAT DATA IDIMENSIONS

1-10 E10.0 Initial Valve Position @ T =0.0 IN.

11-20 E10.0 (Enter As Many Valve Positionsj

21-30 E10.0 As 'rime Values).

31-40 E1c.0

41-50 IEIO .0

51-60 10l.0

61-70 E10.0 -

71-80 E10.0

EXAMPLE CARD

s I 11 .1,' to ? 2 7%.I273?9.S"11 2 151 ) 3K3 1 ' A S1 33 -1 4 4 '5 4 A ' 3 I'S 51,13 6~~, 67 3 5

.6: 21 2 ,,5 20 ?5O 1&00 0 00 0 0 0 0 :3 Il 2 4 It oI. S? $1 1. %1 11 I 'l ' 15 .2 .51 1 I 1322W32I11'5I' ' ,33' 5'31. 59llS

I I

4 4 14 4:4 444 44 4 44 4:4 444 44 44 44:4 44 44 4 4 4 444 4 4 44 44 4414 4 44 44 A 4j44 4 4 4 4 4 44A441 4 44 4 4 4 4 444 44

I I f16 I I III' , 1 I 'I II5321 1 1 3 I ll lin1, 2:11 353 7 1111;. 332331 31 231111i .1 " 4 t2 lI II 11 If1 2,' 'II I2,1 I 2 , It 11 V 1 1 ' II .3 'l''l 1'- I 'fII

5 5 55$55 5 55 5 55 55:5 5 55 5 55 5 55 555 z5 55 5 55 555 5 55 5 5So55 5 555 55'55 5 55 55 5 55:5 5 55 5 5 55 ( 515 5 55 5

AACOONNELL AU7OMA7r!ON COMPANY , ,

1 11 1 11 311711l1 17111 il 11 1111111 177 772 77711 11111 1 I'l 7IM11 177117 1

9 1 9, 2 9 9' 11 999999999999991 1 ,99999 9 ' s-1 1 1
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6.22 TYPE #22 FOUR-WAY/THREE-WAY CONTROL VALVE

CON #3 CON #

FLUID VOLUME INSIDE VALVE
AVERAGE DIST. THRU
VALVE 

MASS

rX + ve--[.:J_ L _ _ _ _.j

CON 1 2 CON fi4

FIGURE 6.22-1

TYPE NO. 22 FOUR-WAY VALVE

The Type #22 valve can be used either as a four-way or three-way

control valve with an externally controlled time history input. The valve

opening versus time is derived trom the tabulated input data. Valve

fluid temperatures are calculated along with the valve wall temperature.

The valve model can handle any or all ports flowing simultaneously

and if necessary, all or any group may open in the same directic,. The

center positio--, of the valve is just a reference point. ro input the data

for the valve it is necessary to know the approximate characteristics to

be simulated such as valve overlap; open center underlap, etc.
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The valve opening versus position characteristics are described

separately for each port. The description is the same for each one and if

all inputs were identical the valve areas of each port: would be equal

versus valve position.

The user should choose from the family of curves in Figures 6.22-2

the valve area versus position characteristic best suiteO LO his valve.

The next task is to determine the projected cutoff and the max opening

position which will give the required area slope. It should be noted

that either of these two values may be beyond the input position range.

Additional non-linearity can be simulated by the use of non-lipear position

versus time input.

Typical plots of valve area versus position, for the input card data

are given in Figure 6.22-3.
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TVALV22
CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 22

11-15 15 Number of Real Data Cards = 5 or more

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 Line Number (with sign) attached to Conrection 4

36-40 15 Number of Data Points on the Time Data "lable

41-45 15

46-50 15

51-55 15

56-60 15

61-65 1

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

15 2 E. 6 - r S

21 IS o1I tP " P 1 ? $3 3- Vooo , oooo11oooooooo O
o0oo oooooooooooooooooo'ooooo oo in . oioooooooo 00000000000000000000 0000000coo

11 I ' It 21 22 I 1 I 1 U V 1 i 1ib 1, :UI I l 1 61 1[

I 

I 

.

?2z?2 222222z22?2,2227 22 2272,:7'

3'3 Is? 71 Il 11 11 334 4,A; $I 3"I 3- l I f1 
l I 'I

, , _ , I s~S' _ , • , ~ ;~ ;;~ ~5

6.22-3
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TVALV2 2
CARLD NUMBER 2

COLUN FORMAT DATA DIMENSIONS I
1-10 1E10.O 0 CON #11-2 PROJE.CTED CUTOFF POSITION IN

11-20 E10-0 CON #L-2 PRO~JECTED M1AX OPENING POSITION 114

21-30 E10.0 CON #11-2 MAX EFFECTIVE VALVE AR1;A IN2

31-40 E10.0 CON 41-2 CHARACTERISTIC CURVATURE COEFF.1 -

41-50 EIO.O CON #12-3 PROJE.fF1 CUTOFF POSITION IN

31-60 EIO.O CON #12-3 PROJECTEID MAX OPEN[NG POSITION I

61-70 E1O.O CON #12-3 MAX EFFECTIVE VALVE AREA N2

71-80 E10.0 CON #_______________ ~ ____1 12-3 CHARACTERITIC CURVATURE COEFF.-

EXAMPLE CARD

Is. . S, -oj1 . 1 1 1 1.

0 0 00 00 0 0 00 00 0'00 00 0000'0 0000 0oo0 0100 00 00 0 00 0;c0 0 0 0 00 a0 o30 0 Oo501 00 0 ooo o 00
iii ~ ~ ~ ~ 4 . 14 41' , I33:3~3?1l~132JI1I 11 . .1 46b '1 A3Il311 '3' 1 . , 21a'&lI~f~'T3

33 3 313333313 3 3 3 33 3 33133 3'? 3-2333:3 3 3-31 3 31113 33 3 3 3333 3 13 3,-3 3 3 113 133 333 Ah 1 !3 3343 333 ;i

a99998 8~ 9, 1:8 8 ,,i 3 l 19 $is t,5 99 a9,9 a 9 999 83 99999999 9: 99999999 a9a9999
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CARD NUMIBER3

OLWnN I FORMATI DATA I DIMENSON

1-11. 0I- CON #~3-4 PROJECTEI) CUTOFF POSITION I

11-20 E1O. 0 CON #13-4 PROJECTIED MAX OPENING POSITION I N

2-0 EIO. 0 CON #/3-4 MAX EFFECTIVE VALVE AREA I IN" 2

31-40 E10. 0 CON #3-4 CIIARACTERISTIC CURITATuRE" COEF. I
I -

41-50 E10. 0 CON '14-1 PROJECTET) CUTOFF PuSITION I N

51-60 E1O. 0 CON #14-1 P'ROJECTED MAX OPENING POSITION [N

61-70 L10. 0 CON #4-1 MAX. EFFE~CTIVE- VALVE AREA IN 2

71-80 ElO. 0 CN#4-1 C11ARZACTE'-'R,'Sl C C'flWATURE COEFF.I

EXAMPLE CARD)

-~ 4, -1 P5 2, it65 6,

72 7 2 222?72222122222,22722122222,?2 2 2 2 2222' 2 2

3333 3:3 3 3333 3 3 3,33 3 3 3 3333 333 3 3 313 33 311,3 33 3 33 3 33 3333 3 ji13 3 3 '3)3~ 331 3 33 i

144 444 44 4414A4 4 44 4444444 4 4444 44 4 4 444 4444 4 4 444 4 444 4 ! 44 64 144 4 1 4 1.4 4 4444 4 44144444
I ' , I I 616, 6 66 66 66, ~'. , 1 I j. , 6. 1 , *66 $ '* q S ' 6' 6 66

V!b5 5 55- ; 5S~ 5 5 5515 5 5 5b 5S 5b 5,5 5 5 5 5 L315 I5 5 5 1 5 5 5~ 5 5 55 5 S 55555

66 6 6 66 66 6is66 66566 61d6 G6 6 56 6 66 wi 6 66 619 6 6 r.6I6 66 6 6!66 6 6665 6 G616 66 6 66 F. 6 6 6 6666 65 6 6 6 66 6 6 6

A4000NNIELL AUTOMATION COMPANY 6

*~~~~~~~~ fl1; 8l 1861 818' 8: 81 8 18 11' 1 il61'll818 18 a~l 8 6 Ili llI 18'

Is it 1 1 1 if1 1 s)I i t1 1 ,4 , 4 ,4 ,. 14 1 V 1 4 $ 5 11 1$6 1? 1; s t1, 1 ' s'I I t

6 .6 .22 -



CARD NUMBER 4

COLUMN FORMAT D AT A fDIMENSIONS 1
1-10 EIO. 0 VALVE MATERIAL 'TyPE --

11-20 E1O.0 VALVE MASS Ln

21-30 E10.0 FLUID VOLUME INSIDE VALVE [N. 3

AVERAGE DISTANCE THRU VALVE INLETS TO

31-4 0 E1O.O OUTLETS TIN.F41-50 I11.10.0 SURFACE AREA FLUID TO VALVE WALL IN. 2

51-60 F10.0 SURFACE AREA VALVE CASE TO ATMOSPHERE IN.2

61-70 E1O.0 HEAT TRANSFER COEFF VALVE CASE TO ATM'OSPHIIRE WATT/IN 2 -oF

71-80 El 0.0 PERCENI ACE HEAT ADDED TO FLUID (DUE TO AP) I -

EXAM4PLE CARD

2 * 4 % ''A'0 2. ? 227474 24. 29 28) V)3 4 43 4 4 % 44 4 5 4 4 4 4 4'4 44 4 r '44, .1 6. %'

00000:000 oolooo00000 0000lo000000000 0000:0000 IooI00ocloooI4J000 O 0000000 00~ooo
":4 isi~ )1 1. 14 .44 4444 A 040 A44 Is 11 1'4 4 44 0:61 - 414 All,4 4l v 61 1' 46 it I

33333,333 3j33333'332ii 333334333113332 '3 333333333333333333333 33333-'33333131333,3333i

A44 44 44444444 4 4,:4 4 4 44144 4 4 444 144 4114 4i 4 44 1:4 44 4 44 44 41! 14 4 4 4 4 ;4:4 4 44 444 4 4 4444 44

111 ~ wi AA CD ??NEL IAUTOMATION COMPANY ~ i iv

99999999 9 9s99oII19;1 9 53 1 19 9 :9 9 9999999 l 91s 91 s 9,: q 9 119999:
I IItI 1 01 154 443 Ii toH 44 1 to11 it s3 i i33 4lf7 f3 333 3 f 3 3 I i 4444 it'll, to 34. 44411 4 3'1I 4 3333 1 '1 $4 1 U44is 31 6.o 413goII 4 11 14 ' s 34It4 34 141
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CARD NUMBER 5

COLUMN FORMATj DATA DIMENSIONS

1-10 510. 0 TEMI'RATURE OF SURROUNDIG. STRUCTURE

11-20 E10. 0 I TE.mpERATURE. OF SUIRROUNDIN4G ATMOSPHElRE-1 I:

21-30 E10. 0 INITIAL TI-MPERATURE OF FLUI)D

31-40 E10. 0 INITIAL TEMPERATURE OF VALVE CASE j 1

41-50 E10I.O CROSS SECTIONAL AREA OF' THE FLUID PATH IN THE IN. 2

+ H V A L V E_ _ _ _ _ _ _ _ _

61-80 E10 .0 -

EXAMIPLE CARD

;1 I ;;; :.". I 11111 jN mosoto, 4 oo1,4 1 4 1ItIo 5 )1 ooco o o jv1 4)000

3 3 3 3 3333 3i 3 3 33 3 3 3 13 3~ 333 33333 E 3 33 3 3'3 3311 33 3 3 3 :3 3 33 33 313 3 33 33 3333 3 33 3 3 1 33 33 33 3

4 4 44 444 44 4 441 44 44 4A4 44144 44 414 444 114 44 44 A4 4 444 4 4 4444 44 4 41 44 4 44 4 4 4444 44 4444 4

PACOONNL AU70IIA71ON COMi'AN',I

9 ,S q 9 9 991199 99:9 9 9 9 l99 9;9 9 9 s919 9 99 9:9 99 9 9 9 9 9:9 o99 99 9 9 9gq g9 9 9 9:99 9 9919S9 9SS9 9 9 9
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CARD NUMIIR 6

COLUMN FORMATI DATA DIMENSIONS

1-10 EIO.O j FIRST TIME VALUE - SHOULD BE 0 SEC

11-20 EIO.O (ENTER AS MANY TIME VALUES

21-30 E1O.0 AS REQUIRED USING AS MANY

31-40 E1O.0 COLUMNS AND CARDS AS

41-50 EIO.0 NECESSARY - FINAL TIME

51-60 E1O.O SHOULD BE FINAL CALCULATION

61-70 EIO.0 TIME).

71-80 EIO.O -

EXAMPLE CARD

19 .15 1'> 1 15 13. 5 I ,.5

I,' *U.I745$2Z t S ,~I. *.... °°

0 a o~, 00 00 a0 0 10 0 0 0 0~ 0 10 7 23 7a 0 70 70 3CO 0 . 444 0A 04 43 44 0 *4- 0 000:I4.000a 3 o 0 0 0 0 ~ 0 -,000
000o ,o C o: oo00ooo00000100o0000 ooo ooo- oooo:oooooooooooooooooooooooooif

I '1 ,1 I 1? 21 i , $I I2 I, ' if 1, I II )')) 3 I 1 I t V 1I I t 6 .II a l I ,

2222222222 222222222222227:22222122122;"222 22722 222,122222 2 2 2 2212 2 227 2 2 212 2 2 7 Z
I I .-

I is 1 1 1i 1:3- : ,' 1 1 1 1 1It 5:4 11 f: 6,11) 1 A:4 ' ,, s 1 1) '1 ll W1,0) 1t11 1 1 1 1 1 1 1 '

! ' " I ' 2722?2??222:? ?22?'7

8 0 8 - , 88818888 i l 8 88s8 - 3808688 8 88a8 a8:8 8811.

1 99,9 99 9 9 99 :9 199gig 999 9 9 9 9999 9 9 9 9 9 9 9 919999 9:99 9 99 99999999 9,99999
1 I I I : II I II I II it 11 t? 1: ) 11 5 11 .1 1 to " I, 1? 1) 14 1 6 1? if 20 11 11 1 R A A It P 1 11 41 11 1. If 41 1 0 $ 0! 1 l A s W r | I o t# 61 4 11 II6I0 11" 4 ' " II 2H II
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CARD NUMBER 7

COLUMN FORIMAT DATA JDIMENSIONS *

1-10 E]O.O Initial Valve Position o~ T = 0 In.

11-20 E10.0 (Enter as Many Valve Positions

21-30 EIlO-O _ _ _ _ __e Val__s

31-40 E10.0

41-50 IEIO .0____________

51-60 E10.

61-70 11"l0.O -

71-80 EIOO 0

EXAMPLE CARD

I 1 -2 -. . r, 1 '5 1

0 0 0 00 0 0 0 0: 0 0 0 010 0 0 a ~O ia 0 0i 0 00a0 010 0 0 00 00 00 0~ 0 0 oja 0 0 0 0 0000 0o 0 0 0 ;O 0 6~j i o 0 0~ 0000 0I 1

3 3 33 3; 3333j33 13 E3333 3i333 i3l3 33331333 i 3333 3- 73 i333333:3335~313 333 3 J33I1313 333-33331

4 4 4 444 4 , 4 1Al4114144444 4 4 4 4 4 4 4 4 41444 4 44 y1A 4 4 44A- 4 4 4 4*'-4 4 4' 1A 4 4 4 44 4 4 4 44 4 444

MCCn1NNELL AUrc)MA-IoN COMPA'J1Y ' I

a8  8 1' 50 a~ 1'83 8 04.~8 1 a; SIR a8 A~ a80 ~818 88 8 8a8a 8 a 80 88:8 8 8 088a 8:0 0 aI

1? . 14 l ,0 . .. s4 l $ 5 'I $ 5 It if )1 9 )t t$ oi 1 ' 5 " I5
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6.30 CHECK VALVES

Check valves either completely restrict the flow or let it pass without

any appreciable obstruction. The following type is currently included in the

program.

Type #31 Undamped Check Valve (TCVAL31)

6.30-1



6.31 'tYPE #31 UN1AMPEI) CHECK VALVE

CHEICK VALV-

Connection No. I

Connection No. 2

SFree
Flow

Inlet I.D. -Outlet I.D. olume of the Fluid

VP o p p e t IT ss In s id e V a lv e GP 4o ,,l?

FIGURE 6.31-1
TYPE NO. 31 CHECK VALVE

Check valve type i3l can open and close during operation without any

damping or displacement characteristics. The valve may be in any open

posiLion, depending on flow, or completely closed. vre check valve and

fluid wall temperatures are computed.

6.31-1



TC'VAIl

CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 31

11-15 15 Number of Real Data Cards =: 3

16-20 15 Line Number (with sign) att.ached to Connection 1

21-25 15 Line Number (with sign) att'ached to Connection 2

/6-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

Soooooootoooooooosooooooo o ooooooooo .8. 8an~'oa88oooooo ouaa8o
*I I 1I 21 1 1 2I 1 1II II 4 II 41 I II

1, " 111 I N 1 0 1,i . 4 411 1 I , 1 1 1 2

?7? 2 PQ22227222222222722? 2 22222222 22 22222222 2'222222 2 227222 2? 22222??? 2272?22?? 

3333:333C33333 :33333333333333333133333333333333333 233. 333, 3333,333333333,33'3
I I I

4 f 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 44,4 444 444 4 444 4 1A 444444 4 44441444 444
I I I it , 4 5 , 1 ;3 10 $17 to II t I I 1 94.. 7777 11 7m 1 1 1s1 4, 1 41 4 54 1 ' 111 14' j41 495 555 5 555,s' 5 5555 5555 SS , 5155555 S 55 5 55 55 5I'j55S55S5555 555'55

G66 6:6 6 6 E G ,6 6 6 6 6 6 6 6 6 6:6 6 616 6 6 6 66 6 666 6 G 6 64 6 6 666666 6 6 6 5'6 A 6 6 6 6 6 6 6 I 5 66 6 6 66
MCDONNELL AUTOMArION COMPANY

I 11, 1 1 I 1 1 1 1 1 1 11 1 1 11'71 1111 1 11 1111111 I l i II Il 1117 1, '; 116 ,
IiI i I *

88888,8 8 8 8 8 8 8818188 8 8 8 88 88 888 88 88

9 9 9 99:9 9 9999 g9 9 9 9 99 9999 9 9 999 9 9 999S9 9 999 99 g99 9999999 99 9993:,g9999I . It' 1 1 9.4 2 '9 4 39791 7 1 4 ) I Is 7 4 3 11 1 |. 1 | 74 ' 3 37 49 1-' II 49797 41 1 1| 4 1 13 4 V 1, $1 ), .1 4 I A j 141 6 ' 1 1
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1'CVA 1.3I
CARD NUMBER 2

COLUMN FORMtAT DATA TD IMENS IONS

1-10 E10.O0 INTERNAL D)IAMETER OF INLET -IN.
11-20 E10. 0 1 NTERNAL 1)1AMETER OF OUTLET IN.

2 1-30 1El1. 0 NOT! USED- -- I-
31-40 E1O.O0 SP~RING CONSTANT I~____________ LIIuN.

415 E10.0 MAX IMUM POPPETI PLC EN I N.

51-60 Fl10.0 SPRI NG PRELOAI)

61-70 F 10.O0 VALVE MATRIAmL TYPE I-

718 E10.0 POPPET MATERIAL TYPE I

EX \MPLE (.RD

44 1 1,44 4444 44-4 4444 444:444 1?3 4~',4 4 4 4 4 44 ,.~

f 11 11 t 18 P 1 7- 14 ? 1 11 1 i 't I I I I I I I to 4,. 1i oi I I

6 666I 66 : 6IIII6III6r6I6I6I 6 :6I6II6I66IGII6I:IIGIII6616I6I6 6 ~ 6: II II 6 6 6 6 I 1 56 1 !

I0 1

8 : 8aI"I a88 a8881 1 I* a I a 3 1888 8aa1888 18a 8r ' I 1 I

3 5 9 9 1 3 9 9 9 5:9 ~ 55 95 55 1~55 5 1I 9 *55 1 3 199991999999999999991 q 9 9999 :
1.1 1 ti 111. 4Is1 1 1" s1 ) .1 6 11 1 6 1 t4 1 1I 1v 15 ois1 tt $ 7i 1 ,1 6 o1

6656666666661666666666666606 6 .3061-663666 66666 56 66 6 66



G.ARD NUMBER, 3

COLUMN FORMAT DATA DIMENSIONS

1-10 L 0. 0 VLEMS LBm

11-20 E1O.0 POPPET MASS LBm

21-30 F10.0 VOLUME OF FLUIP INSIDE C11ECIY VALVE IN3

31-40 E10.0 CHECK VALVE LENGTH IN.

I--- ____________________________2

41-50 11,10.0) SURFACE AREA FLUID TO PISTON IN.2

51-60 E1lo.0 SURFACE AREA FLUID TO CHECK VALVE I.

61-7 IL1.O SURFACE AR~EA CHECK VALVE TO ATMOSPHERZ- IN.2

1 -80 E1O.0 HEAT TRANSFER COEFF. VALVE TO ATMO)SPHE-1E WATTs/,IN2 -,,F

EXA4MPLE CARD

0 00 0 0:0 00 0 00 00 00:0 000 0 OO0 0 00 00 00 0 00 0i 010 00 000 0:0 0 00 P 0 00 0 010 0 0 0 00 0 000 aC00 0 0 00:010 0
A ' , ~ ,~ " 33, " 1 7 31 313 I37' 3 , 31 41 t4 I $I t4 4 11133 it 51 1 3 4 I131 34 1~1 I

7. 222 2 22 2;2 ?772 2

33 i ~~ I ~ 333333;333 V 33333333 ~33 3333l33 i3313 33 j J
A I 3

4 4 4 4 14 1 4 3 4 44 4 41 4 4 414 44 4 444A 414 4 44 4 44 4 4W 43 4 44 44 4 4 44 444 44 4 44 4 44 4A 1 44 4
A1 is73 l, I II I4 'I it $:t? i''I 11 " ,1 1A ,4 4 4''-1141 q6 41 1,1 , ,4 1111

55 S 5 5 5555 555555555 5 5:5555 ij 55 5515555 555 55 5155,T tsi 55fj 55:5555

MCDONINCILL AU7'OMATION COMPANY l

I 111 A11 1 1 1 1 1 11 ii ?1 114t 10 1? n 1 lo 1 14i f 11 s 1 4111 I 41 A s111 11) It l It111 121 S4 % '1 SI CA Is

6.31-4I' 0



GARD) NUiLNLR 4

CLMN FORNATj DATA ,MNIS

1-10 1.0 "ERCENTAGE HEAT ADDED TO FLUID (DUE MO AP) I -

11-20 EIO.0 URR0UNDING STRUCTURE TEIMPERATURE O

21-JO SUR0.0UNDING AIOSo'IIRE, TE-mPERATURE O

31-40 ' i0.O IN[,TIAL TEMPERATURE OF THE'E FLUIDI

41-50 E10.0J INITIAL TEMP'ERATURE OF THE VALVE WALLS O F

51-60 j.,10.0 .---.-----------
61-70 F 10.0 --

71-80 I O.O

EXAMPLE CARD

.5- :5 8*4 5 * 3 24 , 1? 7 . 7 9 51,4 71 )1* ,i.I 1fl . .

i' it Is~r33 3 ' 1 , 18 .* 1, '1 y 8Isl383l, 1444 4 ~i 1141i f 044 14 1 i 4 1 ,8 1 s 1 t I :4 i, 1 6 1 s1 4l 8 6 1 4 to I8 14 it 3

2227 22ii 2222 22 22 2 2 2 !22 7i22 :29 77777 1? 2 17 2 2'2 2'l 277

3333 3,3333;33333313 3 3 13 333 3,3 33 1 33 3.3 1 331~33 '1!3J3 ill 3: : 3 33 3 33I

3 1 $ 1 1 I , II , 6 I I 1'Il 1 I , -' ' 1 1 .0 , - To ,4 ,is - 1 . I 1

MCOONNELL AUTOMATIONv COMPANY I
Ii I I 71 170 1 7 1 Il I I7 1 7177771 17 p7 I17 Il 1' 1 1111 11 II I ' l :

a338 68,8808 IE 600001 1308 05 a 6 80 8008 800 a 1 00 000 8 8 8 0 18r:8 88 Z 83 8 0883880 8 008001 3

41 18 11 4 6 it to 133 71 ?. 3 1134 3 76 1 313 t 11 3 1 . '1 i8 118It 41 11 4 4 6 If 68 1 8648 36 31 5' 38s3 111 i 11 * ~ A 8 .71114 4' It -' 486 11 1 ~ 'I'
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6.40 RE TR ICOR

Ther are several varieties of restrictors, including the simple

orifice, Lee Jet and two way ones. The following i, currently included

in the program.

TYPE #41 Orifice Restrictor (TRES'F4I)

6.40-1



6. 41 11YC__~r 1i OR [FTCE RESTRIcTOiRs

Rescr ictor
Length

Mas Cnnetin N.1 Connection No. 2

j Flow

Inside Restriccor FIGURE 6.41-1
TYPE NO. 41 ORIFICE RESTRICTOR

Type fi4l orifice restrictor is a two-way restrictor since for either

flow direction the discharge coefficient is assumed to be the same.

The restrictor fluid and wall temper-itures are calculated.

6 .4 1-1I



t- 'IRESTr4 I

CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 41

11-15 15 Number of Real Data Cards 2

16-20 15 Line Number (with sign) attached to Conncction 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15
51-55 15

5b-60 15

61-65 15

66-70 15

71-75 15

76-80 15 _

EXAMPLE CARD

J1 5 ' 9 PC I I111' CC C I ? It . 2 . ~1CC I',lC ?C CC~1l 20.., I'PCI t' JZ6 1 1.?%5 1 ,'I

14 1)I1 o Ao 3 a :, ! :.11111 i ,11111111 is 11, 1 ,,1 1q, I ,

-222,2 2 22272222222 2 72? 2 22272 22222 2 2 72772? 2 ? 2 272222272 222 22??
" ,I I t

3 33 33 3 33 33 3 33 33 3333 -133333131 - 33333311 , 3 3 33 3 3 3 1 3 3S
113333333333333333333'3 3333 " 31 "3333'3344I I

4,44 44 44 4 1444444444 4 4 4441441444 4.4444 41.44 41 4444 4 1 1 4444A4444 4 1 44 1H4 4 4

I iiI ' I
66 6 66,6 666&5 66 6 66 6 566 616 6G6 616 6 66616 &66 6666 66 6 66 b4S 66 66 66 66 6 6 6666 666:S6 6 6 6 6 6 6 66 6

MCDONNELL AUTOMATION COMPANY '

3~ 88 6088858 a~ a8 988 880 8 808 8 aa8 080 888 86008088 08 aa88 880 a99 0 I 0'8

999919-999999 9 9 99 9
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CARD NUMBER 2

COLUMN FORM-AT DAADIMENS IONS

1-10 E10.O 0 RESTR ICTOR MATER IAL TYPE I -

11-20 L1O. 0 RESTR CTOR MASSI -

21-30 E10. 0 FLI!ID VOLUME INSIDE. RESTRic'roRI.

31-40 E10. 0 RESTRICTOR LENGTH IN.

41-50 1.EI10.0 SURFACE AREA RESTRI CTOR WALL TO ATMOSPIIHER E I IN.2

51-60 E10. 0 HEAT TrRANSFERT COEFF RESTRICTOR WALL TO jWATNui N- 0 F
__________________- ATIMOSPHERE -

61-70 E10. 0 IPERCENTAGE IEAT AD)DED) TO FI-I]D (DU IG)UT P) j -

71-80 h' 0. 0 TM PERATURE OF SUTRROUNDING STRUCTURE F

EXAMI'IPL CARD

11. 011 ?* 1, 1,,~O 27345 2.?Z f~~ 1,2 $X 1111 1 1A 4o 44 . 4 4 4 14l 5 111$ 5 6 1 1051~~5*

22 2 :A 7 2 2 222 22 22?2 2 2;2 3 2~3I I7 4 2lI 2 12 !2 2 2 2 2 i 2 2j7' 2 2222 7 2
33 3I 33 1 3 3 j333331 3 13333;333311333333333j3333'-3333333333333E 3 33 3 3

33 3333 13 0 , V 1, 1 ,6 1 1 " -: 31 333

6 66616 666 66 s6 666 563 6661 6- 3; 33 6 6 6 3316 1 666666666 o6666666 1,6 , ,''

V4COONrn.LL AUTOMArION COMNPANY

111a t , 7 1

88688 8 58888 a '88888 8 88888~88888 881 888 858 8 B 8,88 B 8~

9 9 999:9 9 9 91 9 9 9 s 919 ; 9 9 95919951 9 9 9 9 9 5'1,' q'9' :s 199,'9,9 ' ' 9 9 9 9 9 99 9s
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CARD NUMBER3

COLUMN FORMAT f DATA FDIMENSIONS
1-10 E10. 0 I'-TM. OF SURROUINIING AThoOSPi0EM" -F

11-20 E1O.O INITIAL 'IEMPERATURE OF FLUID 01-

21-30 E10. 0 INITIAL TEMPERATURE OF RESTRICTOR WALLS I F

31-40 E10.0 DISCHARGE COEFF.

41-50 IEIO.O DIAMETER OF THE ORIFICE T N.

51-70 E10.0

61-80 h1.0 -___________I

EXAMPLE CARD

003 ooc.,oooo 0000000001100000:0000 0100000t00 000 oo000 00O0j00 000000100011000000000000001 040

21222I722?2i2222222222222222222222222222222 2 2222 22 1222:222 21222 22222227,'2

33 333,3 13 3 3!3 i3 33 13 i 3 13 j 3 3333333 3'j333333333 3333?'333I)333 3333 1"3333

4 4' 144 4 4 44444 44:44 4 44 14 4 4414 44 4 j4 4 44 4'4 4 484 4 4 44414 4 4 44 44 4 44 4 44 V4 4 4 444 44 4414 444 4"44 44 4
1 1 la5 ,, ,'1 .11" 1 1 A I 1 0 " . 1 .

5 55 5.5 5 55 51 5 5 5 515 p 5 i 5 5 j5 55 55 5 515 5 5 55 5 55 5 55 555 dsS 5 5 5 5 55 5 55 5 5;5 t,55 5

A4COONNCLL AJ7-OIMAr/ON COMPANY

a83 s 8 I8 8S 8358 3 88 888 8 116888 88 a8 82 8I'08 a8 8 888 8 88 8
91 

a 
8

1 9 9 9 99 9 9933 5. 9q1 9353351 q 3:3 1535' 1 ' 991 9 199 5 199 33159 9535 S1 9 93 9~ 9 1
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6 .51 TYP'E #/51 K1,111

Connection RttnGru PupPrMaiodConnection -No 2
No Volume of

Outlet
VolumChamber

Chamber-

Compensator Valve

Hanger Actuator

Hanger

Case Volume-
Pump Case/

Mass Connector No. 3-~/

FIGURE 6.51-1
TYPE NO. 51 PRESSURE REGULATED VARIABLE

DISPLACEMENT PUMP GP77 0065 19

The puimp suibrotine 'ITUMPI5 is a si mullat.'on of a p~ressure regutlated variable-

displace.ment puimP. The pum1p Model COfpLiL~es vatues of out~let and case drain flows

and pressuires.

In I he tlia I mode l large: ina,,se s have been gro0tmped L.o)!e(tlier to silili fv. tihe

similat ion. Th rvz: large ma.sses arV used, t lie- int rna I ntov ing parts, Lihe walls of

the- pump a round the case volume, andl the pumip walli at Lihe no it mnan ifo 1(. The cal -

clIatedI variables ire the rot ati ng group and cas tempe ratiures , and thiree- fluiid

Lemlperat urS ; the exit f I-Itd, the caso (Irai~n fluid, andl the filet- flIuid.
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'IP[11'MP 51
CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 51

11-15 15 Number of Real Data Cards = 4

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15

36-40 15

41-45 15 "-

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

0 ~ I I. I ' I -I I-'I~ 7 lS it I I Pi ll ' i i, i 44 , , , 3, , , ,I ,...... ... '415 , 1 50
'I '1 11 I n 1 " If 1,1 . . .g. ,. I I i t 11 1 1 1 1 1 1 I 1

27 2772222227i7777777772,2?2 ? 2 727 2 7 2 72 2 2 7 2 '77 2 ? 2 72, 222222212 22 2,233;32332,7223333273322222322',2 22222?22 2 2 ?22 2 22 2 7 2

3 333 333 3 3 3333333 3 33 33.3 3 3 3 3333 3 3 3 3 3 3 33.3 3 33333j J3333 344444:4444,44444, ,

4 4 4 4 4,4 4 4 4 4 444 44 4444 414444 4 4 W 444 4444 4, '4 4 4'4 4444 444 4 4.444 £ 444 ' 4 4 444

, , :" 1 I, I IA ." c i ,i l ' " I I

6 6666 666666 666666 666666 6 6 6566 6666 666666 6 6566 6 6 65 6 666665 6666 6 6666 6S1
MCOONNELL. AUTOMATION COMPANYS 71 i 11 1 1'17111 1711 1 11 1 II8 777 77 11 1 117111 11 1' 1 1 7;'I 71! 177I'; II,

88886188 8a1818 81 S 1 8888l888a888 8 888888888888 8 888848 88888888888688 8 888 "

9 99 1 9 9 919 99 9 9 :99 9 i 93 s19 9 9 19 99 9 9 999 99:9 9 9 91 9 9 9 91 9 9 5 919 9 9 9 i 9 9 9929
' I I II I tI' II I~III) I*l I 21f1 II 'S711 .I 1 -2I1 41 4 i II 4' II I ,114 )III,41,7114 ' II 0 'S
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CARD NUMBERt 2

1COLUMN FORMATf DATA -_______ IDIMENSIONS J
1-lu 1.I1.0 jPUMP WALLS MATER IAL TYPE 1 -

11-20 E10. 0 ROTATI NG GROUJP* MATERIAL TYPE

21-30 El0. 0 PUMP PORT MAN IFOLD) MASS (SURROUND ING VOL I &VOL2[ film

31-0 ElO. 0 irTATIN(; GROUP MASS* LBin

S41-50 E10. .0 PUIMP CASE MASS -- LBrn

51-60 ElO0. 0 PUMP INLETr VOLumE IN.3

1 
3 

- _ _ _ _ _ _ _ _ _ _ _ _ _ _

61-70 IE1O. 0 PUMP OUTLET VOLUMEI IN. 3

71-80 Fl10.0 PUMP CASE VOLUME IN.

SThe rotIL [i1 group consists of all moving parts, as the pistonls, yoke,
drive shaft, etc.

EXAMPLE CARD

0 0 0 0 BIC a 0 0 do 0 0 0 0 0 0 D a ~0 0 00 iO 0 00 0.0 a 00 ID00 0 0 0 00 fl vC n 0; n00f 0aAO ni nq n n nan an n n

2222 2 221222222,2222722722272222222222?22227'2?2?22222?22222222'22 2222722227222

3 3 33 !3 3 33 i 3 333 3:3 3 33 j 3 33 33;333 j 3 33 3 3 33 3 33 f13333;3j3i3 3 3 33 33 i1 3 3 3 3 3 3 3 33 3 1 3 3 j 3

4 4144 4444: 4444 : 4444 44AA 4444: 4 11 4 '41 '44444, 14 4444

5 1 555: 155 : 5555555 , 55555555555 : , 55 I I

MCDONNELL AUrOMATION CO~MPANY

0 8 3a882 8~ 8 a804881 8~ 4881183Is 8 91 88838888080 81800 89 1 8C 680808 08 61a8 86 68~ 8 $18 8 8 0 8a

9 9 9 9 919 S 99 9 99119 1 1I5 1i 1;9 999 9 99 9999 9 999 9 99 9 999 919 99 99 99 19 99 99 9 !9 9 9 1919 9 99 9159 9 3

- . 14 -



(CARD NUNBER 3

COLUMN FORMAT DATA I DIMENSIONS

1-10 !O.U (E CROSS SECTIONAL AREA OF" TilE ROTATING IN. 2

CONTACT AREA BETWEEN THE ROTATING GROUP IN. 2

11-20 E10.O AND THE PUMP WALLS

21-30 F.0 HEAT TRANSFER COEFFICIENT BETWEEN EXIT FLUIID

AND ROTATING GROUP 1IATTS/IN2-'F

31-40 E;IO.0 HEAT REJECTION AT RATED FLOW j WATTS
I I

41-50 I'10.( DISTANCE FROM INLET TO OUTLET THRU PORT PLATIJ IN.

EXTERNAL SURFACE AREA OF PUMP PORT - -N.2
51-60 F0. O MANIFOLD N

61-70 t;10.0 EXTERNAL SURFACE AREA OF PUMP CASE IN.

H I HEAT TRANSFER, COEFF. FROM ATMOSPHERE TO [ I
71-80 E EI. PUMP CASE I WATTS/IN 2 -oF

EXAMPI," CARD

1 $ 1 11 ' I I.f.... 1,is. ...... , .. .. ............................. ... ... . I

2222 22 27 22 2222,222 2222222 2222 222222 2222 222 22 222 27222,2227'?? 227?,,"2 22172222 2272 7

4' 4 4 4 4 4 4 3, J! 4 4 4S4 ,.4.4.44.,,4 4..

1 1 1 15 ' 6 11 I Y, ' lI 7 5'4' .,'I~ 57il 1 4  it o4 1 145544,, 4:. 1 '' 4, 1,4.,5411 ''' 55

I:I i1 I I ll Ii 11 1 " I I: I IN 11 It11 IIl I7I 1 1 11 7 7 i I I I I III II I I 1 1 7 I I I I11

j88 22 e 2 aC8188 883 ,14 4 , I ,666666 6 6166 066 6,66666666: 6666 666 .51 6 6666666 6666666 66,,&66, 166666~MCOON'\ELL AUiTOM~ArION COMPANY I "

5 4 I i -

i" 0800: -- $98,888_=~8I I0S'0,s8~08Is8,e8'8, e800'88 0e88 8 800008S 888' 8900
, l 5 I 4

0300990 O91 9999,99905 999J995559|9909,999991099999 I 99t 90999999g999991
,4, ., ' ' II 'S , II I| el I 71 7I'1 7| 7 I 1 7f3 IS 3 53 5 417 35I | I' I51 I I1543I4I 4 4 l I I 351 5 I l, 3 I} J51 1 54 5 Il II q', .
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COLUMN FORMAT j DATA D IMENS IONS

1-1 L1.0 INTERFACE CONDUCTANCE BETWEEN THE CASE AND WATTS/IN-oF~
1-10 IO.O THE ROTATING GROUP

11-2 1110 I HEAT TRANSFER COEFF., INLET FLUID TO MANI- IWATTS/TN2-olF
11-2 EIO0 IFOLD WALLS

2 1-30 1:10.0 SURROUNDING STRUCTURE TrEMPERATUREII

31-40 EI1. 0 SURROUNDING ATrMOSPHlERIC TEMPERATURE or0

41-50 : F10.0 INITIAL TEMPERATURE OF THE FLUID OF

51-60 F i)( INITIAL TMEAUEOF THE WALLS OF

61-70 EIO0.0 RATED FLOW -I- cis

71-80 E1O.0 IPUMP RPM AT RATED FLOW I RPM

EXAMPLE' CARD

M 1 2I? 25 2- 24 2. 11 1- 2 S ' 11 3' 11 1? 14 1- 14 ,' 1

00 00 000 0:000 003a0~00000~00a0O00000 0o~o0 00o000000000 0000 ooeooo~ooo ~ 0 1.li .O0 00 10

133' 3- 3333 P333333f33 ;33; 3 3-' - -,J3 j~g'
33 3:3713 3 13 3 3 '3 j 33333333 33333:333 3 3 3 ,33 '

1 44: 444 444 4414444 44441 44 44 47 4444 4 4 4 4 4 1 14 1 4 4 
4 

4
4 

4 4 63 1 44

73 13, 1 I '1 71 13 " -1:1 .4 a4. 4' a )1 141i );o 1

6 6~~~~~~~~~~~~~~3337, 7144 444 : 1 6666s66 666f i666 ' 6V
747,14'EL AurMAI COMPAN

r 455....555555555~ 5

9 
88 a1 a8: 8 5 55 s8 

t5 
5 

8:8 a 8 a 5 8: 5B555555 !555a 5 5 8 5 3

I 1 1 1t 4 61 it1 I ?1 )2 S fln " A 1 7 ) 1I t 1 11 It1 1 414 41I 11 1 11 , 1 fi 4 't .
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CARD NUNBER 5

I [
COLUMN FORMAT I DATA DIMENSIONS

1-10 EIO.O PUMP SPEED RPM

I RATED OUTPUT PRESSURE AT ZERO FLOW PSI
11-20 EO.O

21-30 EI0.0 RATED OUTPUT PRESSURE AT FULL FLOW I PSI

31-40 1.1O.0 MINIMUM INLET PRESSURE PSI

41-50 EIO.O MAXIMUM PRESSURE DIFFERENCE BETWEEN PUMP PSID
4CASE AND INLET

51-60 ECSE FLOW AT RATED FLOW AND PRESSURE cis

61-70 E10.0 CASE FLO AT RATED FLOW AND PRESSUREP
61-70 1E1O.O ICASE PRESSURE AT RATED FLOW AND PRESSURE PSI

71-30 E1O.O DEPTH OF PUMP CASE IN

EXAMPLE CARD

ooo o o:oo o,0o , oooooo.to ooooooooooooooooo looOOo0oooo o oo000 00,o 3,,1,0000000000

I I . I , i
72722?21 2?2222222:/22222222?2222222222?22 222 i?2122?22?22??I,'l2'i1 ?2

, , , [ " ; ,

444:44' 444 . .1' "" ' ' . ..4444v444444'444 14444 414444 44441144444 I 4,44 4 44 4 I4 4 4 4 ~ '4
I" I ' 44" "4'"'"1 ., , .4! , 4 . " I "" ' 4,

MCOONNELI AUrOMATION COMPANY 4

a 888 888a 0 8008088 08 81 08 11 80 8 3 11 08 8 8 888 a 00 B 88 8 80a8 808s808 068 88 0' 8

99999999999 ,999099
4 4 1 7 ".If 1$ 16 If44if4 11 14 n 16 144If )11 11 l p )4 4 '44444 4:044 . 45- 6 44 V 1 4 15 51 5' ft 1 , )t4.1 I
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6.60 RESERVOIRS/HEAT EXCHANGERS

There are a number of types of reservoirs which need different methods

of analysis. Among these are, constant pressure reservoir, bootstrap

reservoir, trapped bootstrap reservoir and reservoir with RLS and bootstrap.

The following types are currently Included in tho program:

Type #61 Constant Pressure Reservoir (TRSVR61)

Type #62 Bootstrap Reservoir (TRSVR62)

Type #69 Ileat Exchanger (TIIEX69)

6.60-1



6.61 TYPE #61 CONSTANT PRESSURE RESERVOIR

Gas

Oil

Connection No. I Connection No. 2

FIGURE 6.61-1

TYPE NO. 61 CONSTANT PRESSURE RESERVOIR

The Type 161 cons pressure reservoir which is used for test simula-

tion purposes, requires only the connection information the reservoir

prcssure, fluid and wall temperatures. Any of the four connections not used

are blanked off. The temperatures are considered to be constant.

6.61-1



TRSVR61
CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number =61

11-15 15 Number of Real Dat, Cards = 1

16-20 15 Line Number (with sign) attac.hed to Connection 1.

21-25 15 Line Number (withi sign) attached to Connection 2

26-30 15 Line Number (with sign) rittachied to Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15

41-45 J5

46-DO 15

51-55 15 ______________

5 )-6O 15 __________ ____________________ ___

61-65 15 ____________________________________

t)6-70 15

71-75 15 ________

76-80 15 ___________________________

EXAMPLE CARD

1 ~ 211 .7 11 1 1 1 . 4

7 * ' 7 7. *000)972 t4oo*'oo4fl7" o 4 447o7 7.4774 4*477444 44 ,4C474&7 ! 7o . o lo o~ o o

444441 .4 4 l 4I 4.14 4 4 4 1 4~ 7 4 814 44 2727 11 4 48 124 474 421 414 2 787777777771 g4 44 44 ,,77 12 87'II''7'77 14 4 27
I ' I ,al -s; 1, I1 1 !:1I I7 1 " :): . is 3 11 4W 1 11 i .11113 1 "I Ii I l is

7 
7 1

8444 444414441444 84447044447 '4 4444 4444 44 8 1744344444444 8 08:1 a88: 81

77249 :99 2 1 '2 9 9 'f 'C 9 11 7 77 9:1 1 i : I I9919Sg9992999t.1 9q99' 1
1I I 1 1 1 1 - t 1 t is l , t? i oi t Ij j; )I It77 it7 71,2777 $17 . hI 4 " Is ~ ' .7,7 147 60. 4'71 1$ 111$ :1 I 1 .711It' fIs1 ) 11 ) 41

555 S 55555555155555 ~555555'~ 55515555555 S';6.61-2~5SS 555



TRSVR( 1

G~ARD NuMBE~,.I(

COLUMN 1  FORMtAT; DATA DIMENSIONS

1-10 LI0. 0 Rservoir Pressure PSI

13-20 E10.0 Fluid Temperature

2-0 EIO.0 Wall Temperature O-- F

31-40 EIO.0

41-50 EIO.0)

51-60 11"0.0 _ _ _ _ _ _ _ _ _

61-70 E1O.0

CIi5, IE5.

211 u2 2s i I I i i t 114 4 1111 40 1 11 11 It it 11 11' $'6 I I-i ' 1 6it 1 6 1 1 1il3 1t

33 33j j 3jj 333333 i 3 3 ,33 P3 3 3333333 331313 3 3 33 3 333 3 ,3 3 11 3 ;3 ?

7 I I I 'I I ? 'It s I 'i I tof I 2 r 711 fl m 1S i 221 2 3 1 2 1 1 21 s 11 ':4 ) 5)4 I lt 1' .%, ii I l* 1 , IS 1 1 ,1 it4ll It t1 4 111 1~ 1'~ 'I ' I sI

5 5555 5555 1555rO55 555 =- 55551 5S55 15555 55551 5S556.6)1-3555 555



6. 62 TYIE # 62 BooIrs'rRAP RESERVO! P

Low Press Piston Area

Convection No. 2--\ itnB~h

l~stoll 'Ilhickness

High Press Piston

ConnectonANo.a

Connection No. 1

Reservoir Mass-,

Connection No. 4

Connection No. 5

-~ -li gli lreosuire Volume

Sti oke Lo0w Pressure W~i11 Lo Ambi jent-

Initial1 Piston Position

TYPE11 No. 62 BOOTSTEAP RESERVOIR

FIGURE 6.62-1

Thp 7vve 0162 boot strap reservo ir is Lhe type us;ed on vairious aircraft.

As mainy is four low pressure connec t ions can be used plus the high pressure

connect ion. Any l ow pressure connec tion(s) not requ ired is to he left blank.

Tereservoir flid Iemperature, wakll , and piston tenmpratures ire the ca lculated

vaILIues.
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I'RSVR2
CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 62

11-15 15 Number of Real Data Cards = 3

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15 Line Number (with sign) attached to Connection 5

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 I 15

76-80 15

EXAMPLE CARD

r 6

211 1.13 3 3 33 ,33-3 31 3 3133 333 333333 333 1 11t )] 3:1 1 3' 3 1 33 331 31 i, 3 33'3 333 31 , 1

44 14 .:A 4414 4 4414444 1 ( 4 4 41 44414 il,1 Ci 1444. 1 ' . , .1 1 4 4 1 44 1 '11 I l
' 56 S6C 6i 6 5 ,:555t S A bS6 L: 5, o--I 'S' I . , 6 6 6 , 6 _ , , , S ,

4 ' I 1' ) '{ I{ I I ' " " I I { ) I I ' ' ' 7 ' ' 1 7 4 4' I 'I 7 ' 4 1' T4 , 1 ' I 4 ' ' I 7 "'I ' '
MC PLDONNE'Ll l 't)rOMAT/101N C'kPAN Y

6.62-2
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TRS\'R62)

CARD NUMBER

COLUMN FORMAT DATA DIMENSIONS

1-10 E10. 0 RESERVOIR MATERIAL TYPE

11-20 E1O.O PISTON MATERIAL TYPEm _____________

21-30 E1O.O RESERVOIR MASS -____________

31-40 E1O.O LOW PRESSURE PISTON AREA IN. 2

41-50 IEIO.O HIIGHI PRESSURE PISTON AREA IN. 2

51-60 E1O.O 1,OW PRESSURE VOLUME (MINWUM) IN.3

61-70 E10.O0 HIGH PRESSURE VOLUME (MAXIMUM) IN.3

71-80 E1O.O JINITIAL PISTON POSiI N IN.

EXAMPLE CARD

7. 4.

*4 44 l ' $30 t11I sI 2 21 4 11; 11 n S ? 34 ? 304 12Pp)~ 1H H .4 1  4 ) 6441 34 i. 4 1,'4 4 4 4 44 *' 54 41 4 4 4 $ )4 )Y Pt21444471 . 1 sI t1 1 11 111

4 4 : 4 433317 4 437 3 34 33 4-43 381 l 4 4 4 4 4 43W44 4 4 .4 4~ 134 34 1 34 U1 4 4 4 4 1 4,))1 4)) 4 I' 4 4 4 ' 4 4 ))

1:6 1 i 1 11 1 1 " 11 1111 I ;nit Itl 1. P I il) 11p1'1 1 I : A I , 5tV It ') li ; 6, h $0;11 It 33 I I I' I

5 5 5$5 555 55 5 55 5:s 5 55 5555 5 5-55 55 5 55 5 5-5 5 5 555 5 555 5 5 5 5 5 55 5 5 5 55 5 55 55 5 55 55 5 555 5 5

66 6 6 66s666166 6 6666 6 6 646 66666 6 6 6 66 66'6666'SiS 6 666 6 66 666 6660 6 66 66 6 66 6 66 6 66 66 66
* ~MCDONNELL AUT-OMATION COMPANY4 4

8:8 a I : .a88 ; :

4 4 I
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CARD N'UMBER 3

COUN FORMAT1  DAT I~ DIMENSIONS

1-10 E10.0 HSN IIMTIN.

11-20 E10.0 P ISTON THICKNESS IN.

21-30 E10.0 SURFACE AREA RESERVOIR WALLS 'TO ATmosPHERE Ii IN. 2

31-40 E10. 0 SURFACE AREA ISTON WALL 'TO ATMOSPHERE IN.

41-50 1 OjO HEAT TRANSFER COEFF. WALLS TO ATMOSPHllERE' WATT~S! IN2-oI

51-6 10. HEAT T'RANSFER COEFF. FLUID TO WALLS (INSLDE) WAT!N- '

61-70 E10.0 PISTON STROKE IN.

71-80 I1. NTERFACE CONDUCTANCE -PISTON TO WALLS t4~ATrs/1N- 1 'F

EXAIMPLE CARD

0 0 0060 0 0 0000 0100 0 0 a a0 ao 0 a'o 0 0 r.0 mo a 0 DD0 0 00 0 0 0 00:0 500 0 00 00, 00 000io oo0 0 0 0 10 00 00 0

44 3 44444444441 ,41 4 4 4 4 8414 1 I 348 4~ 4S I 4 4 4 14 4 414 S 1 4 A 4 4 4 14 4 14 4 44 4 4,4 44 44 A '44 4~I 4 4I 4 l
IF IF u I I 's it vl 116 tt~ii i t

I I Is,'os , ', I,',5 ,,5 'o'o 5 5 ,i, S

ACONL ~OA ICMPN : I I

s I a 81 8 ;1 8 ! 8 ; 8 8 8 8 8

8I I a IQ 8 8 I , 8a88a

I4 I1 11 f1 sIti st t1 32 I 1.111; I lIll F8 )4 4. 1 1 11 5l.45,4 $.4 1,$ 1Iitt to 111it 1 44,4 . 7 it 144, 0IsII) 1

4441 ,Il341II7I~7?Il .4441441136.62-411,



CARD NUMBER 4

COLUMN FOR-MAT DATA DIMENSIG S

1-10 EIO. 0 PERCENTAGE HElAT AD)DED) To THE-- FLiITI (DUE TO VP) I -

I OI
11-20 ELO. 0 SURROUND ING; STRUCTURETEIRArEF

21-30 E10.0 SURROUNDING ATMOSPHERIC TEM4PERATURE

31-40 EJO. 0 INITIL TEMPERATURE OF THE FLUID)

41-50 IEIO .0 INITIAL TEMPERATURE OF. THE1 WALLS OF

51-60 1-_________ __10.0______ _____

71-80 E]O.O

EXAMPLE CARD

14', e . M'' '4 ~? 2 22 2, 5t,7 0I W 5 . 5 11 1.' 4 14 15 ,5 15 5

0 0 00 0;0 0 0 6 010 00 a0000 a 0 00 000 0 0 10 00 0 00010 0 0 0n0 00 0 00 0 00 0 0 0 0 000 00 00 00 0000 0 0a00 000

I444 I

I I

4 444 4 4 4 4 4 4 47 42 4 44 4 4 4 41' 777 *4 77 1 4 7474 47 1 1 774 :4 , '4 4' 1 *':' 4.444 4 '2 4 4 4 ;4 4 4 4 44 4 4:4 4 4 4 4 4 A 4 41 4 7

MCOONNCLL AuroMATION COMPANY

11 11 8 95 oll 8 I'l 81 11 3l 8;8 a 1 to I a aI I I c 8:8 a II I II 8 III8:88 l If 8.8 aIII
4 I I

:9 ~ 9939 9 9 9 :9999 99 9 9 9 9 991 1 933 9193 9 9 9 511 9 9 4 ,
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0 .0 6 l 'YPF #f69 HEAT EXCIIAN;ER
Cooling

Connection 3NFluid Ol Coneto

Con ec io 4i 
n e to

Connecion 4Connection 
2

FIGURE 6.69-1
HEAT EXCHANGER

GP77-0065-2

The Type #69 lieaL exchanger is a type for many basic uises. The inputs are,

versatile enough tO co~ver mfost s imple heat ext-hangers since all "'urface area';

are input by the user.

he program computes the heat- exchanger flidd temnperatutre, the c'ool ing

I iqui( temperature and the pipe andt wail teTRl)e rdt.i M k-,
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CARD NUMBER 1

CO LUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number 69

11-15 t5 Number of Real Data Cards 3

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15__________________________________ ___

31-35 15

36-40 15 __________________________________

41-45 15 _________________________________

46-50 T5

51-55 15 ____________________________________

56-60 1 ____________ _______________________

61-65 15 _____________________________________

66-70- 15

76-80 115 -- $4~

EXAMPLE CARD

0) 1i' q: I ' Ii I IS 1 1, 1, 2t ?S! is it lu 1, 7 1!6'I 1 1 11 ' Al i I f i 11 1 11 I 1 )") 1 1. IT i t I I l it'll V 1 IS 1 I 1 1 1 $1 I

2772 2222227? 2222222 292 27777777?''2??2221?2272 2?' ' 1' '' 11,111 7i 2
3333333333 33 132 3 3 3 :3 3 3 3 1333331 31 33 3331 33 333333334,'331 1 3 3333

4 44 44 44 4 4444 44 44 4 44 444 4 44 44 444 4 4 44 4 4 4 44 4 4 4411 4 44,1 4 44414 44 1 41444414 4 1 4;4 44 1
'1 4 It y'~ '~1 . M, 6 p'.I 71 1 11 11 U 114'1.1, ! 11:I .' 4 1 1 is la v I 4 A.. 11 It - I-I1 1

I II

6 6 66 6~ 6 6 66 6 5, 6 6 66 66 6 6 6 6656 6;A6 6 66 66 66 616 6 66 66 6 6f 6'S 6 C6i616 6 s6 6,6 6 6 b616 6 1;6 66 666
M COONNEL L AUTOMATION COMPANYII

88 8 88 8 8 8 8881 88 a81118 8888a88888 8 8 a88 a 81 8 8,3 88 a8 8aa 888a8 8 8 8 $8 888 a

19 9 9 9~ 9 3 9 t9 9 99 999 9 9 9 991.i99 9 9 19 qq9:,g9 9 99 9 99 9:9 9 9 991999 99:9 9 99 919 99 9 91 9 9 9 199 9s99 9 99 9
I , 417 , 12 IS It 1 1 .173 11 77 1 11 7? l i 111 1 P 73 113 1 IS )111 4 4 1- 44 01 U IIIl 1 4 1Y 7 1 1 37 540 it14 t 44 ' I 1 7
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THEX69

(,ARI) NU IlIR 2

COLUMN FORtAT DATA DIMENSIONS

1-10 E 10 MATERIAL TYPE OF TILE HEAT EXCHANGER -

I
11-20 E1O.O I COOLING LIQUID TYPE (NOT USED) --

21-30 EI.O IIE'A'I EX('IHAN(;I-'R MlASS LBm

31-40 EIO.0 MASS OF PTI'L WI'H FINS LBm

41-50 1-10.0 EXCHANGER PIPE LENGTH * IN.

51-60 FIO.O INSIDE DIAMETER OF THE PTPE IN.

61-70 1 EIO.O EXCHANGER OVER ALL LENGTH IN.
L L _ _ _ _ .- i_

71-80 EO.0 VOLUME OF THE COOLING LIQUID IN TIE EXCHANGE IN. 3

If not using a pipe, just fluid paths (fins), the pipe mass is the path walls (fins).

The inside diameter and pipe length must be chosen so that the total volume of hydraulic

fluid in the exchanger is equivilant to a pipe of that length and inside diameter.

Iry Lo keep inside diameter small and length near to the dI[stance the fluid travels in Lhe

EXAMPLE CARD exchanger.

3 1;
"" , , ?1 2.7 l3,94 4 ,1 ! 15,5

0oo0ao0oCooooo0oooosoo 00000 0a000:0000 00 000 00 00 0 03 0 0o 0;0 0000 0 00 000000:0
I 1 11 1 '2 2I $:n I-'nII MIit 3) II 4s3 ) it 3 1 Ii i 1 1 I 4 I' 1 $ )1 )1 )4 1, l 4 t4 l 11 4 1 I111 11 11 i f

''I - I I I

177'2'444' 7 22222222 N 7????? '7'? 2222?21'722277?'???? ?i7 7?[

3 3 3 3 3,3 3 3 3 3 3 33:3 3.3 3 3 3 3 33 333 3 3 3 I 13 333 ]1 l 3 3:3 3 q13 3 3 3 3,3 3 3 3 A1 3 33 3 33

444444 4444,444441444444 4 4 4444 444,4 14444444444 44,444444444 4,41 44444 44114444:44444

d I ' 
, 

) I , I5,5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~I 555 55.555..5..51 5i5555555555555555S 55555555555 5

6 6 6 6 6 6 6 065 6,s 6616 66, 666 1b6 61b 666 6: 666, 6 666I606 6'6 66666 6'66 666 6 666'66S 6
MCOONNELL AuroMATION COMPANY

I ",
0 gII I

09 9 599 9 , ,,, Ig I 111,1,, 1 19 99 , 9 9 9 9 99 99999:9 9 9 915I 9 9999999,9 5 99 99 9999
I I I . .|'. .. 4 a SI ii 1344 ist, Iri3l ilt 373 3 3 , 14'1 11 14144 44341 3434 '| 1144 434' 4 1 3)'411361, 2 1 411 4 1 '1 l''6'I ' *l'llf
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GAR) NU,"BER 3

1 1
COLUMN FORMAT I DATA j DIMENSIONS

1-10 EjO.o SURFACE AREA WALLS TO COOLING LIQUID IN.2

11-20 El0.0 SURFACE AREA WALLS TO ATMOSPHERE IN. 2

21-30 E10.0 SURFACE AREA PIPE OR FINS TO COOLING LIQUID I IN. 2

31-40 E10.O HEAT TRANSFER COEFF. WALLS TO ATMOSPHERE WATTS/IN 2 -,F

41-50 EH. HEAT TRANSFER COEFF. WALLS TO COOLING LIQUID ATTS/IN2-°F

51-60 Fl10. HEAT TRANSFER COEFF. PIPE TO COOLING LIQUID WATTS/IN 2-oF

61-70 F10.0 MASS FLOW RATE OF THE COOLING LIQUID L3'iSEC.

71-80 E10,O INLET TEMPERATURE OF THE COOLING LIQUID F

EXAMPLE CARD

El j6, E' 61.O ''2
4

l

0 0 o:0 Do 0o0 CO 0 0 o oo0od o 0 O l00 00 oo oo0:0oo oo o o oo 000000 000 0 0 0 00

A9 226 I It 11 11 A I 9:, I 1 23 :7 222 '924? 21 s1 z3 93 1IFG t401I 1 V I 1)2 61 4144949 I"... i °°  oo o o o
2 2 2 2 22 2 2 2 2 2 202 , 22222? 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222 2 22 2 2222 2 2 2 2212 2 227 : 2 2

I 9 , I

I : 11ZAII 1~1 1! 1 : 33 1 3 3 3 3 3 3 3 3 33 3 3 3 1 33 3)133 3 91
54, 444 4444 4 11 4 4 4 44 1 44 44 4 44944 44 44 44 4 4144 44 4 4 44 44 4 4414 4 44 4444444 544

I$~ '3 -'~ '9 9 I it I 1- 7 I S A43 j2 2 '1 3 11 o A 424 A:1.,A4 a 41939212i k2 644411, 91 to it I

5 5 1,5515 55 5,5,5,15 5 5 5 55 15 5 5 55 5 5 55 5 55 555 5 5 55 5 55 55 5 5s5 5 55 55 55 5's 5 5 5 55 5 55 5

66 66 6616 6 j SEE 6 6: 616 6 66 66 6 6616 66 6 6 566616 66 6 66 6 6s6 66666 6 6 6666616666
MCDOI NELL AUT'OMATION COMPANY 9

8 1 :,8 a 8 8 I s a 8 8 8 1 8 8 8 1 s 8 a 8 f a I a a, a .a s 88 ls 8 a 8 al .8 a a 8 s 8s 8 ss 8888:
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GARD NUMBE.R 4

COLUMN FORMATj 11 VA JDIMENSIONS

1-10 LI0. 0 TEMPERATURE OF THE SURROUNDING STRUCTURE 01F

11-20 EIO.O TrEMPERATURE OF THE SURROUNDING AT1MOSP1EREF

21-30 E10.0 INITrIAL TE-MPERATURE OF THlE FLUIDI)

31-40 1-110.0 INITIAL TEMPERATURE OF THlE WALLS 0 FI

41-50 I 10.0 INITIAL TEMPERATURE OF THlE COOLING LIQUID

51-60 1.'0. LAMINAR FLOW COEFF. *jS/I

61-70 E. NOT U'~l -__________

71-80 EIO.0 COOLING LIQUID PRESSURE PROP, INLET TO OUTLETI PSI

*Note: This value is determined using the relationship

AP = LAM~*Q

where AP is the entry/exit pressure ioss for MIL-H--5606B at 100 0 F.

EXAMPLE CARD

1. fl.,r'.of .l...Iv% %''1529 b0 *4', * G?*3$*

0 a 0a C00 0 00 0 000! 0C0 a01 000 0 00 00! 0 00oil00 0 0 00 0000 0 DODD 0 0 0:0 0 0 0 d 3 0 0 00 0 00 00 00 0,0 0 1,~ 0

liii 1t 1 4: I t 51 4' -1i 11 21 ' iii ) .: nI 11 1 , 1 1 11 111 1 It04 111 lit i iii A i ii A: AI Ai 0

33f 3 So 33

1 3!:3 33 1 3 3 :3 3 i 3 3 -3il 33 33 3j33 ; 3 i 3 3 ,3 33133333 3 333 3333311,

44 4 4 4 44 44 4 44 4 4 4 44 4 14 j 44 4;4 4 44 4 1 4 4 4 4 44 44 44 4 44 44 44 44 14 A4 4 , 4414 4 4444, 4441444444444

1 4 , I 11 A 2 I ;4 it ' 1 1 2 :12' 1' A It 4 4 i t ll. 114 ly3 It s I P 4 1 41 044444 4S464 4 424 4 So I~ Sol I41 444 I 'l 424,'4 ' I

6 6 6 6 6:6 6 66 66 6 6 66 66 6666 66 666 66616 66 6 619 6 6 6 616 66 6 E16 6 6 566 666 6'6 6 666(iS6 66 6'66 66 66 66 66:6!! 6 6
MCOONNELL AUTOM4ATION COMPANYv

1 1 1 1 1 1 1 1 1 1 1 1 1 1 P I I I I 1 1 1

4 4I I 1 I' 11 03 I1 IIt 41 113111 42714224 1 1131 3422134?I4 1$1 44 11 Pit 2 114 111 1441If11 I 12 2 $ S' I $41441 1 1 t 31 4 14442 11 12 I'' 11 1 4 2 '242 9
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6.70 ACCUMULATORS

There are many varieties of accumulators. The three types that are in

common usage are free piston accumulator, bladder accumulator and tandem

piston accumulator (F-15 JFS accumulator). The following type is currently

included in the program:

Type #71 Free Piston Accumulator (TACUM71)

The accumulator subroutine is setup based on using dry nitrogen gas.
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6.71 T1YPE /#71- FRE*E PISTON ACCUM4ULATOR

Accumulator Mass
Wall -
Thic kness PitnMs

PG Ga OilConnection No. 2

1 1( -Iioa1' le:-e 0! I XP ] Connection No. 1

FIGURE 6.71-1
TYPE NO. 71 FREE PISTON ACCUMULATOR

Tile input data for thie Type #~71 accumulator are basically the

minimum and maximum gas and oil volumes and thle precharge pressure. The

gas and oil piston areas are assumed to be equal. Tiie accumu lator ol IflIu id

tumfp&eril1Lure , g~i'; Lemrptraure , pi,;tof 111d wall temiperatures are k-omputed.
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TACUM7 1

CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 71

11-15 15 Number of Real Data Cards =3

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

$ ' 7; 7, 4 . ' 7 2 ' fl 77 2 .2T2
I M d z is 1.: 2t

0CC01,000 0100'000500000'000000000010000A0 0 00000000 00008Oto 0000oo,0000 0 ~ 0 ;0 0000

722?272222 22222 2,,2272 2 22 222 2722722,,2222 777222'"222 222 27'2 2 2 2 7 2 22 2 7 2 21? 2, 2 2:7 2 2 2

33333 33333333333333333 3,333333333333333 333 3'333333333333333333333333!333J333 33
9 C I I

4444,4 4444--J444441 4444444 4444444 44444444444444 444 4444444444444 '1 4411 ,4444
i i I I

I I77,T I Tl 7I1 11' II31,,1k.77 I'll 7I ' 'IIIll 9777,, '
5 l 561 5G 5G555515 ,55G 555555G ,5555555.G 15 555555$ G G 55555G 55.555555GiS GG 55GG555.55555

MCDONIL.. AUTOMArION COMPANY

1 1 , I II I I .1 1

80800660 aI 00 ar 8881100860 aI a08880008 a3 08 a80 8808
199 9,9199 9 9 9 9 9 $ I 9 9 9 5 1, 9 9 S 99,99999 q 999 99 9 9999999:9 99999999 9,9 9 .1 9 9 99999

6.71-2



TACUM71

CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 ACCUMULATOR MATERIAL TYPE

11-20 E10.O GAS TYPF (NOT USED)

21-30 E10.0 PISTON MATERIAL TYPE I

31-40 E10.0 ACCUM'LATOR MASS I LI

41-50 I EIO.O PISTON MASS LBmn

51-60 E10.0 WALL THICKNESS j IN.

61-70 E10.0 HEA TRANSFER COEF. OIL TO WALL AND PISTON WATTS/IN 2-°F

71-80 1 DIAMETER OF THE ACCUMULATOR IN.

EXAMPLE CARD

' I 
I 

I

2 2?22:7722221,22222 227222212222:222222222'227722 2? 2122'2 22?2222 222 2 22222222i I

33333:3333 J3 33333 333 133333,: 333 3333333331333333 3 33333 3 3 3 i33333 33 333 '

4 4444,4444 A 444 4,44 44414 4 44 4444 444 ,,444 444 4444444444444444 4 44 144 414 4444
j 4 : I I I I I I ,I II I is:'I , II it11 1 17nll ':1i 1,11 a :1 | ;iI j s ):It ,)is11 f 41 l1 A 14 4 :4 &1 8 i 54 1 $11) i4 5 16 1 A 61 , 11V$"111 6 6 1 r1 '1 11 ":I I t i

5 5 5 55 55 555 55 55 5 55 5 55 55 5'5 5 5 5 555155 55 5 5 55 55 155 5 55 5 55 5 55 5 + 5 i 5 5 5:5 55"5555 55:i 5 5 55

t I i I'll 1417171141b117717l77:71IIllI7I l4ci:l1 11 4 71,I f I S, I f 11 '1 1 11._ 1
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CARD NUMBER 3

I' 1
COLUMN FORATI DATA I DIMENSIONS

i i

1-10 E0i.0 SURFACE AREA ACCUMULATOR WALLS TO ATMOSPIERE j IN. 2

11-20 E1O.O IHEAT TRANSFER COEF. GAS TO WALLS WATTS/IN'2-F

21-30 EIO.0 HEAT TRANSFER JOEF. ATMOSPHERE. TO WALLS WATTS/lN ".

3. 0, 0 E1O.0 INTERFACE CONDUCTANCE PISTON TO WALLS WATTS/IN.-°F
I

41-50 I EIO.0 SURROUNDI .J STRUCTURE TEMPERATURE 0F

51-60 ElO.O SURROUNDING ATHOSPHERE TEMPERATURE F

61-70 I EO. 0 INITIAL TEMPERATURE OF THE WALLS OF

71-80 EIO.O INITIAL TEMPERATURE OF THE FLUID 0 F

EXAMPLE CARD

000 .. 3 3 3, 00 3, 30 3 3 3 0 a 3 3 3 00 1 3 0 3 3 V i 0 ' 0 0 0 30 0 20 ;3l0
i , , j , ,I I I 14 I ' I '4 1_ I ; I l, I I ! , I , I ! I l I ' = . , .4-_ I l ', l

I 4, ', I ' ' I . ' 44 4 4 ' I ,

i -

! I! , 33333i I 3 33

4 1 4 " 4 14 4 44 4 4 444444 444144 44444 4 14;4444 44 1 14 1 44 1. ' 4:4 4 44 $l 1 4 1414 1 I 1.,

I, J i I ~3,5I~ 5~~

6666 66 6 65 6 666 6 6.6 b 66 , 66 E 5 6606656666 6666666 5 666 b 66 s 6 . 61) c
MCDONNE .L A1I7OMATION CVMPANV 4 , i

99 90 -9 9 90s91 g 99 - 9 9 9
, , 6.1'l I -4i II i 14 i II 1 iii;, '
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CARD NUMBER 4

COLUMN FORMATI DATA I- DIMENSIONS

1-1o E10 0 N ITI AL TEMPERATURE OF THE GAS

21__30 :10.0 'MNILVO11 LUME ___________ N'

31-40 ElO. 0 MAXIMUM O1IL VOLUME IN. 3

41-50 IEIO.O MINIMUM GAS V0l "ME I IN.3

L51-60 !E10. 0 PRECHAR;E GAS PRESSURE :O*- 00F FR 0H6O 1  SII

71-80 i*EIO. 0 -

EXAMPLE CARD

44 .. . 5, ' ?O ?2 29 4 25 n ?-2~l* 1 4 11 14, V 13$)1 7. '44. 4 s.44 1. 1 52'25 11 -S8 Sf

C08o 0 00aa0 0 0000 00 0 0 000 00 1 0 0 C06'0 0 0aa00 0;0 0 P10 0 00 :0 0 H00 0 00 00 0 0 000 0 0 0 o0 a0 0
728, 223 1' 1 .11 18 2  N 4 613 1 227 IfI 22') , . 1411 11 23 1411 41 34 4 41,11 4' As

4 3
Isg11 . 2A4 11 13 A A 4"cI 3 1534 3 1 , S 332 3Is2 ' 1i 2 1

227?2:?22222 22,17722z 22 222 22:2 2 ?22 2 222?2 22222 22 2~22 2??2 22 ? 22722?

3 33 33:3 3 33 i 3 ; i 3 333 3 3 3 3 3 3 333 3 33 3 33333 313 33 3 3'3 13 33 3 333 3:3 3333 33 33 3 33 3 33
4 4 4 A :4 ~ 44U 4 4,4 44 4 44 4 44 4 444 4 44 4 114 4 44 44:4~ 4''' 4 444 4 4 4 44 4 4 4 44 14444444 4, 4 44

If I WIs I I s Is
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6.80 FILTER

There are numerous type filter elements and filter bodies to contain

them. Often the bodies have multiple functions, external and internal

connections. Hence only one filter has been modeled, general enough to include

many simple filters. The following is included in the program:

TYPE #81 F-4 TYPE IN-LINE FILTER (TFILT81)
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6.81 TYPE #81 F-4 'rYPE IN-LLNE FILTIR

Connection No. 1 / -CoPnection No, 2

Flow

Volume of Fluid
inside Filter

Cross Sectional of

the Inside of the Bowl
Element

GP?4 07736

FIGURE 6.81-1

TYPE NO. 81 F-4 TYPE IN-LINE FILTER

The Type #81 F-4i -1 ine filters are simple non-bypass units using

staidard cleanable elements.

This particular type will be used in simulat ion work because it is

simple and has no ancillary components.

The program computes the filter fluid and wall temperatures.
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TF I ;T8 1
CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 81

11-15 15 Number of Real Data Cards = 2

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

1;6 1 1 1 it 1, 3 4 y s i s it i I? I) t 2slitv is i II I I ~i n:1 1, ;1 i 41 1211 I i 1 , 11 I i t 1v 5 4$;&v It

I III I III , 111 I t 11 :1 111 Is II), I I 11i I o141 I f 1 I I"I 4 II I I II I II III II I
2222222222222 2212':2222? 22277"2222

6 6 6666 6 66 66 66 6 66 666 6 66 6 66616 666 6166 66 66 6 60G 6' 656 66 666665 66666 66 6166 666 666 66 66 6 6
MCOONNEL. AUTOMATION COMPANY8

-$ I 88I

13191 11188111188188 8 1 Il 8 1 8 8318a8aI8a: 8 8 888 a 8! a888

o I I I

3 l Is ti 1? 8 1 8 4 8833 is 33 118 i8 it838 s fl 84 is 3 83 i n Is 3338 t , )ilii,1 4888 1 4l1 38, isii I 833 it I 3 ,8 8s it v3 8 8 3 88 88 8 3 8 n31 , 8 '8
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TFILT81

CARD NUMBER 2

COLUMN FOMT 1  DATA DIMENSIONS

1-10 E10.0 j I FLTE1R CASE MATERIAL TYPEI -
11-20 EIO.O FILTER CASE MASS - 1 23

21-30 E1O. 0 VOLUME OF FLUT) INSIDE FILTER IN.______3 _

31-40 E10.0 CROSS SE.CTrIONAL, AREA OF WALLS(INLE'r & OUTLET) IN. 2

41-50 IE10.0 CROSS SECTIONAL, AREA OF, TuE INSIDE OF THE BOWL1  IN.'-

51- 60 E10.0 SURFACE AREA FILTER CASE TO ATMOS IllERE1 IN.2

61-70 I O.O SURFACE AREA FLUID TO FILTER CASE I.

71-80 ElO .0 HEAT TRANSFER COEFF ATMOSPHR FFITRCS WATTS/I N2 ~

EXAMPLE CARD

0 00 00;c0 000 0 0 0 0000 a 0 0a0 00 00 0 00 0 a 0 00 0 f 0 0 0a 0 0 00; 0aD0000000 0 0 010 0 0ooo0 0,0ooit oo 0 0
j 2 1 5 4t 1 I 9 1 ? 11 41 1 2 4 1 ,it t I , it 282 2 14 115 11 n 2 1 1 1 )I 2 2 Y4 so2 Is to 2 441 4 041 4 41 4 4 If 4 2 5 )J 24 $21 $1 1q It4 4 P 4 , 2 66 0 4 4 I I 2 1 11 1 2 I 1, 1 4 t is

FE II

12 2 ; 2 2 2 27

33333:3333 g33333i3333 i 33333333 j333331353313333343313333333:3333 Il33333333 N33333'13333
I I

4 4 24 : 4 4 40:14 4I 1q42 
4 4 122 4 1 4442 I 24 4 2'14 2 4 4 4 4 4 4 4 4W424 4 4 4 4 , 22 42 , 4 2, 4 4 284 U 4 4 4 4,4 4 4 102 4 4 44: 44

MCDONNELL AU-OMAT'ON COMPANY 2

.:gi 1421
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CARD NUMBER 3

COUN FORM1ATI DATA DIMENSIONS

1-10 E10.0 PERCENTAGE HlEAT! ADDED TO v-'U i) (DUE TO AP)

11-20 E10.0 SURROUND)ING STRUCTURE TEMP)ERATU R E

21-30 E10.0 SURROUNDING ATMOSPHERE TEMPERATURE -t F

31-40 E10.0 INITIAL TEHPERATURE OF THE FLUIDF

41-50 IEIO.0 INIT T,4,L TEMPERATURE OF THlE WALLS O F

51-60 E10.0 LINEIAR ELEIMENT FLOW CONSTANT' * SI/CIS

61-70 ElO. 0 NON-LINEAR ELEMENT FLOW CONSTANT * T SI /C Is2

71-80 E1O.OjiiI

* nlt for MO L-ii-56061 aIL 100"

EXAMPLE CARD

'41 '1 toll z ? IS 7?4kh 0l?*fl 3. 1?155 S4 1U 'l . 414,4441 41-1'4 * *1

00 0 00 ;000 00 0 0 00:0 00 0 0 0 0 00:0 00 j 100 a0010 00 0A0 0 0a 0;0 00 0 000 a0000 00 olo 0 00a0,0 0 0 0 00 0 0 0 00 0

Iti 111:111 1, it isi, 1 1 1A I11 14 I 1 if $ 1 : 1 1 l' I I To-11 Il 4 16 I I j i I f

7? 22 222 222:222222022:27222 2 7?2II? 17 222 2 2:2 20 2 I 2727 1 ?: 2222 2 2:22 2 222 2 22 '2 2???

3 33 33:3 3 33 i 3 3 333:3 3 33 i 333 33:3 3 33 j 3 33 3 33 33 1,3 3 33 33 3 33 i 3 3 3 33:333 i 3 I , 1

4 44 44:4 444 44A4 4 44 44 4 44 44 444 44 44 44A4 4:4 4 44 4 44 44 6I 4 44 44 44 44,4 44 44 4A4 4444 44 44 4414 4 4 4
I I 1 .1 I it 15 :1; 1 i 71' 17. t 'I 777 : 's 1 I ?9 it 17 I , 1 1 is ) Is I i 11it" 11 4 1 11 ,o41' t 11 U LII ", ItI1S,'

6 66:6 66s6 6 6 666 66 66665 66 6166 6 66 666 6616 6 6666 66 66 66 6 66666 6'S 6 6 616 6566 66 6 66 6166 66 s656

MCDONNFLL Au7-oMArION COMPANY

I: i I I 1 1: - 1 88 8 1; :

19 9 9:9 9O 9 9 9 9 9 119 9 99 9 :9 99199 9. 1 99 1 s9 9 99 99 9 9 9 9 9 911 11:919 1g 3 99 9.93 939
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6.100 ACTUATORS

The actuator models are setup for a specific actuator or for a general

type. The general type can be used to simulate actuators by using the

appropriate input data, if the general configuration is close enough to

be acceptable. The following types are currer v available.

Type #101 Valve Controlled Actuator (TACTl01)

Type #102 Utility Actuator (TACT102)

Note: Zero stroke (noted in the input data) is defined as the piston

position when actuator is fully retracted.
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6.101 TYPE #101 VALVE CON'rROLLEI) ACTUATOR

Ret rn Pressure

Command X -V

E x ternal
Load0

No. 2 Volume- No, 1 Volume
(,P74 O73 2

FIGURE 6.101-1

TYPE NO. '101 VALVE CONTROLLED ACTUATOR

The valve controlled actuator is an actuator wiLh an integral valve that !s

typical of servoactuators. One line is connec ted to pressure port and one line

's connected to return port. Acuator designs that can be used are as followsq:

o Ba lanced (i act Ua or

o 1tnba lanced actu.ltor

" Parti:lillv balanced wic.ma tor

o Parallel bal'anced or unbalanced actua tor (provided all piston

rods reacI a c ommTIon load).

Three wall t emperitures, four fluid, and one pi,;ton temperatures are

calc'u(ited.
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CARD NUMBER 1

COLUMN FORIMT DATA

1-5 15 Component Number

6-10 15 Type Number = 101

11-15 15 Number of Real Data Cards = I or more

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-bO 15

EXAMPLE CARD

a 0 00 0;0 0 0 000 0 00,0 000 0 0000 0 ' o 00 0 00 0 DD0 a a on 0 00a0 0 0 00 a 0 a00910 00 00100 n00:0 0 00 0!0 0 00 0:0 0n 00
42 44 424'441274242

4
421 412.2144412424444' '1 442 1I42H 244I I I i I 1 I I * A I ' -I I - nI I I I 1 1 I ',0 iIr i I A I I A A 1 41 00t A 1 4I' ,I I i II iII I I I I I IA, I I I I I I I '1 l I l I I V

7222?2'712222222,22222222 221?Zl?1 1 4 1 , ? 2,27 22222 2222'2?2 .?

I I I I I

4 4 4 4 4,4 444 44 44 444;4 4444144 4 4:4 , 44 444 444 44 44 444 44 4il 4A4444 4 1 4 44 444
I ' ' 2 I 1 1'4 4 1 1 4141 41414 At A 4" A) 444 4,;4 A

55 5 5 5 5 555 5 5 55 5 5 55 5 5 55 55 5 5 555 5 s' 5 5 5 5 55 5 3 5 5 5S' S 5 5 5 '5 5 5"

164COONNELL AUTOMArION COMPANY I I j I

SI II I i ll 7 1 Iilo I 1 I 11 I , 3 1 1 14 , A ll 1 l l i l,
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GARD NUMtBER 2

COLUMN FORMAT DATA D[MENSIONS

1-10 E1O.0 CUAO MATERIAL TYPE I -

11-20 E10.O PISTON MATERIAL TYPE -

21-30 110.0 VALVE MATERIAL TYPE -

31-40 E1O.O ACTUATOR MASS LBrn

41-50 1 E.0 VALVE MASS m

516 -1. SUFC RAPSOIOVLM N T
61-70 E10.0 SURFACE AREA PISTON TO VOLUME ONE0 TN.2

71-80 E10.0 INTERNAL VOLUME OF THE VALVE I N.

EXAMPLE CARD

-u 3 a3 4.,to Z 2? 2 It , 2,11 33 3. 5 1 Is $7 .~3~4 4l3 .'fl 4.,33.

0 0 0 0 0 000 0 aIt 04 0 0 0 00 0It 00 01 1us 10 c0 04a0a 0 0:0 0 0 0P 0 0 0oo'ooaoooso 0 o00ooo000' 00 sos0o:000
3 1 1 3 43 3 1 is 4 1 1 if42 11222,124 1):?1 112n3it IT 81 ? 34 u l 11 3 32u 11A 4 2 I o0.14 IT 111 1 1 12'2324 S 42424 IS i i 

6 1 4 
'N 1 11 1 1 1 4 ItI 'I t4

211 22 2 22 222 22 2 2 7 7- 2 7 77'22 7 277 2 211222 2 ?22 ! ,1 ' 7 7'? ? 2 27

33 3j3 3 3 ,3 333 3 3333 3:3333333333;3 3331 33333333 jj 333 3i3j33 333 33 33 31

A4 4 4444 44 44 4 4444 4 4 44 44 4 444 4 44 44 4 4 4 4144 44 4 44 444 4 44 4;4 4444:44 44 44 4 4444 44 44 4 4 44 44 A
3 I , I 1 34 1' 1 1 1 33 1 41 4 n' 222 !2 is "' 2 I2 U 2' Is 12 ' 2 2I 1$ 11 4241244 4 & 1 ' 4412 1' .4 I4 k 64 61,161 444 I; 1 1 '1234 - '

5's 5 5 55 555 555555 5 5 5 55 5555 .2 55 55 5555 5 55 5 55 55 55 55 555 5

66 6 6566 6 6 ss6 6:6 6 16 66 666 66616 6 6 6 66 6 616 6 666:6s6 6 66 6 666:,6 6 616666V 66Gi6666666

M NCDONN~L ArATO COMPANY:

090088 a 881131818p 1 88£ I al~ 18 018 380 a 0 I8 I 0 808 to 800 8 8 088 ' 8 880 8 : 88 8
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GARD NummER 3

COUIN OMT DATA DIMENSIONS

1-10 Elo. 0 1DISTANCE FPOM INLET TO VOLUME ONE t IN.

11-20 EIO.O D)ISTANCE FROM EXIT TO VOLUME TWO IN.

21-30 E(0.O0 DISTANCE FROM INLET TO VOLUME TWO I TN.

31-40 E;bO.O PISTON WALL THICKNESS IN.

41-50 1 'I ~ PISTON HEIGHT ~ IN.

51-60 1I.O1. EXTERNAL SURFACE AREA OF THE ACTUATOR I IN.2

161-70 I L1O. AREA, VALVE TO ACTUATOR I IN.2

71-,U ElO.O0 EXTERNAL SURFACE AREA OF THlEVAEIN

EXAMPLE CARD

.4 . 01 7 sI t 2 6? 0 1 11 1 . i - 1 1 05 r 1

4 1 4 444 F 4 I 2444 4 4 4 4 4 712224143 3 44 4 4 44,2:4 1444 4 4444 4A4 44 4 1. 24 4 '4 44 '44444' 41 4 4 4lf 4 4 14 4 '3

11 s; 1 -1 7,1:; , I i 4 1 11P ;t ,Is" 's1 ss111it11 i1A11 $2 i ' 4 161 ' 1 ):1 1'11

88 -: 1 -r-a88 88818 sai ' l I aa I Ja889 aI 1 8 1 81 28a8a$8881

I I

9 9 s 9 19 9 9 9 9 9 99 :9 9 19 9191 9;g9 9 9139 9 9 9:9 96919 9 99 9:g9 9 9 99 919: 1~ 19 999199 95!J9 9999 9 99999
11i 11 11) 1tf1)111 7 )"91' ,,3 nIIIhIs It720))l34 *13 434 4 -#'41, 41411 1444 i i I 33i3i444 i i 47444 $ 166 HVIII I ''1114)"111111 sn
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CARD NUXBER 4

COLUMN FORMAT DATA DIMENS IONS

1-10 E10.0 INTERNAL SURFACE AREA OF THE VALVE IN. 2

11-20 EIO.0 INTERNAL SURFACE AREA OF ACTUATOR WALLS TO IN. 2
FIIITD __--

21-30 E'O.O INTERFACE CONDUCTANCE, VALVE TO ACTUATOR I WATTS/IN. 2 _0FI
31-40 EIO.O HEAT TRANSFER COEFFICIENT, FLUID ONE TO PISTOt WATTS/IN 2 oF

41-50 EIO.O HEAT TRANSFER COEFFICIENT, VALVE TO ATMOSFHER' WATTS/IN 2 -,F

51-60 E1O.O SURROUNDING STRUCTURE TEMPERATURE OF

61-70 EIO.O SURROUNDING ATMOSPHERIC TEMPERATURE OF

/1-80 1 E1OO INITIAL TE1KPERArURE OF THE FLUID OF

EXAMPLE CARD

ooooo~ooeooooa ooaooooooooo ooooooonooooaeooooooo ooooo~o o8ooooooo
. . . .1 . .| I 11 to 71i 3t 61 9 S1 , 3 .1 6 ?w . 2I '5I . I 11 1 02 2r .2 (2 2a29! 13 51 1 .. 1" 1

l33 4 I I II I I 11 I 1 , II I 1I 3737372$, I6 1 833I '1 1, 11 .1 I I l V Is I1 is I I ' I I I I It I V I,I 5- 1 3 $I I I I I ' V I40 1 I -,3 I it 1 ' q to

I 3

33333:3333; 3333 i S 3 '3 :333i 3 3 ,33113 '3333 3 333333333,33 3 i 3 3 3 3; 3 3 ,3 3

I 33 I I I

44444144444 44444444 4444 44444 4444 444414 4444 44 4444444 4 4 4144 444444444 4 4444 " 4,444
III ' 533 1 1 7 11 3' 13 333ti t 3'1I lsIn 71 is 1 3 m 3 3 1 4,13 '3 4I ' ' 1 3:' I

5 ,555 55 5 555 5 5 55 5 5 5 5 5 55 5 S 5 35 5 5 55 5 , 51 55 -ti 35 5 5 5 SS 5 5 0 S 5 5 5

6 666 6166 66 6 66 666:66 6966 6 4 6 6166 6 6666 6 66166 b 6616 66 6166 6,6 6 66 6666 66 6 66 6 66 '6 6 £6 6 666 66 66
MCbONNELL AurOMATION COMPANY , )

1 I ' '3' ' ' 1a'~88888 8 1 Ell 8 aI 8£II£;35££8Sjt 18Is8£a8£a~a 8 18111 1 1811'181 1., d
09S99gs:3959 6s S5S S " fill S 13991 9S ~SS mg:: :195 ~ :S 93915-m 1:9: 99 So 3q9939199999 999 99

3 S k I I I lo 1I1 131 1 ) ) m3 3III 373333 It fl )1 1.8 33 33 3) 33 I t 3333 41 373333333333 3 33I $3333 3333 U 11, 4 3 W I3 I3 $3 3 I to 'I ' I ' A I , ' 1'.1 I 3 it
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CARD NUMBER 5

COLUMN FORMAT DATA DIMENS IONS

1-10 110.0 INITIAL TEMPERATURE OF THE WALLS OF

11-20 E1O.O PERCENTAGE HEAT ADDED TO FLUID DUE TO AP --

21-30 EIO.O INITIAL ACTUATOR POSITION IN

IN

31-40 E10.0 STROKE WITH ACTUATOR FULLY RETRACTED IN

41-50 ElO.0 STROKE WITH ACTUATOR FULLY EXTENDED IN

51-60 110.0 COMPRESSIVE LOAD WITH ACTUATOR FULLY RETRCTED LBS

61-70 EI0.0 COMPRESSIVE LOAD WITH ACTUATOR FULLY EXTENDEE LBS

71-80 ElO .0 STATIC SEAL FRICTION 
LBf

EXAMPLE CARD

00000;00 0000000000000 0000'0000 0 100 IO  0 u 00000 c 0 0 0000000 00 0 0 0 000I1 I1 I, V A If If I =1 )1 I 1) I'1l I it 'I tI '

I I I'

4 4 444 491 4 443 04 4 4 4ll 121 4'4 44 41?3l I 4 334 4 4113 3' 21 24 4 4 4 W 43,4 4A 1 4311 144 1 4:444 4 43 4 4 44 4 A1.44 4 4 4lii 34 41 : 1 1 ,'?I f 1I 4 stl 11. i s IIIII $;.1 Iis I' 71 , 11 1IIII AIi I I 14 itI aI .I 1l ill il If 1 1 i. oli ll I '1 RI

tI I I I I' '

,I I I i II

5535 55 355:535351 35 5 55S'S535353555 , 555S ,55 1 5 55 55 5 5 5,5 5 55 55 55 5 55'III , I

f 6 6 66 6 6666 6 6 616 6 66 6666 6666 6 1 6 6 6 66 6 6 66 6 6 66 6 666 6 6 ,6 6 6 666G666 6 6 66 6 66 6 6 6 66' 6 6 6

I DO N IL I [ I

MCONNELL AUTOMATION COMPANY
-44 I ' 4 4)

'80089003 8 - 8'8010 005001008 000310800 188800000 080008030 fl 0388088 08888818 :

9 9 9911 999999 919 1 1!lg 999999999 9999,99 99999 99999 919 1 99 9993999199999
A I I I I 44 1 I3 44 I4 I i It 1 24 1 I I4223 n I l 3 l 2 2 | 431 3144 '12 I1 I.,' Is A '1 4 H 41 1 41 1 4 ), 1 $ )1 64 V' 1) A I, is 3 4 4 9 '. I 4 4 '1 II n
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CARD NUMBER 6

COLU4N FOIRMAT DATA DIMENSIONS

SLOT WIDTH VOL #1 TO CON #1 (WHEN XV* IS IN
1-10 E1O.O POSITIVE)

1 SLOT WIDTH VOL #1 TO CON #2 (WHEN XV IS

NEGATIVE)

23 SLOT WIDTH VOL #/2 TO CON #1 (WHEN XV IS IN
NEGATIVE) I --___

31-40 E10.O SLOT WIDTH VOL #2 TO CON #2 (WHEN XV IS IN
_1-__0 _O.O_ POSITIVE)

41-50 EIO0.

51-60 -. 0

61-70 EIO.O

71-80 E1O.0 o

* Note: XV is vale position.

EXAMPLE CARD

o oooo;ooooooo o 1 0 0o00o010 a0 9000100 00a00a00;000000'0000000 00 000 0o 0o 0,I,

IIi1I l tI1lo n If m I 1 2 1 u 151 1 I I 1 111 1 1 11' 1 1 1' 11' 11of.1 Is

2 22 22,2 22 22 2 2 22,M 2 222 2 22 22,22 2222 2 222 2 22 22 2 2212 2 2 22 2 2 2 2 2 222 2 2 222222 22272

33333.33 3j 3 3333 ,33 3 3333 3333 3 3333333 3 333331333333333 3 3333333 333

4444444444 4444444444 444 444444 44 4444444 4444 4444 44444444 4444'4 4 4, 44 44

5E656SG 656 665 6 556666656666I65 666556 6656666 5 6 S G 6 G G 0GG'G GGG 6 S'GGSG
6 G6

MCDONNELL AUTOMATION COMPANY : I i

SI I I I I I a8,

9 9 1 9 111 1 S i S 19 3Is I I I I I | 4 19 111 11 9 19 I 9 9 9 I9 19 |9 9 9 S : S 91$ 9 I f q 9 9 $ l S 9 q g6 0 i -1 S i g 9 9l 91 , : 19 , 9 9, 9 9 . r610
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GARD)NME

COLUMN FORMAT DATA IDIMENSIONS
1-10 Elo.O0 FIRST TIME VALUE AT TIME T 0.0 t SEC.

11-20 E10-0 (ENTER AS M.ANY TIME VALUES

21-30 E1O.0 AS REQUIRED USING AS MA.NY COLUMNS
IAND CARDS AS NECESSARY ____________________

31-40 E10.0 FINAL TIME SHOULD BE FINAL

41-50 IEIO.0 CALCULATION TIM)

51-60 E1O.0 ,___________________.

61-70 E1O0.0

71-80 1El0.0- _________ ________

EXAMPLE CARD

A li - 3 4 31. Ot77t.31 3?Z?YS2 1$4 33, 1 If3 $0 3, 1,N ~~~,4. 1. 11 11 *f

0 0 00 0;0 00 0 0 00 0010 00 0 000 00a010 0 D 00 0 00 000 0 00A0 0 0 00:0 00 p 0 cO 00 00 0 000 0 0 0 0 0 00 00 0 0 00 00 00

3 334,3 3 333 33 33 3 ~333333333 3 :3 3 3 J 334 33 33 33 33 3 4 333 3:34333 3 333 3 ,4' 3333 I'443,4.33 311''3 '33 3 3333

, 3Is

I 92 : 9991 S999 9999 1 999 9999 9' 9 , 9 9'9993.3 1919 : :II 1 93993I l ~I I 1 101 10 .i 6I sI f1 71 41 1 ,0 1 15 It 33 3 1 43 f 1114 4114 .69 .11$5 :1 3) 3 1 333 $1 $1"6. VI ?6 11 1 sM 113 3 it
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G.ARD NUMBER~l 8

COLUMN FORMAT DATA DIMENSIONS

1-10 El 0.0 jINITIAL VALVE POSITION (a T-0 I IN.

11-20 EIO.O (ENTER AS MANY VALVE I
21-30 E10.0 POSITIONS AS TIME-___________ _______

31-40 E1O0 VALVES)I

41-50 EIO.0

51-60 F10.0 -____________

61-70 ElO. 10 . 0______

71-80I E10.0

EXAMPLE CARD

4S 1P5 t, 2 it ,,o V-8Z, I *% I)!.~j1~

7*4~~? ?I so,,, 1, *~O J1 4~l'll 11t3, 1. 11 $ 1 3'

000 0080 04 00.00 0 00000 00 00000~ 000 00 0 0000900000 0 ~O003YO000oo00oo

22272222222222?222??222227?222222222227 72222 7227722:22222???? 1?72222272:??72?

4 4 44 44 44 44 44444444444 4 4 4 444,4 4 444 4 4 4 44414 444 4 4 4 4 44414 44444 4 4 44 4 4 4 4 4444344444 44

I 

. .

MrCDONNELL AUTOMATION COMPANY I

f~l 1 s11 11 1 11 11 11 113 1% Is ?111I P fj 1 ; $ IIIII It41 1 a%' l itIi 117 Ifs$t 1 1 f6. 1 .11 1 1 1 1 ' 1 1 I

3 . 3 I II6.101 39



6.102 TYPE #102 UTI1,!TY ACTUATOR

Connection No. I Connection No. 2

No. 2 piston Area

Atuatend Mas pisto (eight, Thickness)

Piston Rod Diameter

Initial Stroke
at T =ome 

o.2
No. 1 Piston Area

FIGURE 6.102-1

TYPE NO. 102 UTILITY ACTU.ATOR

This is a simple utilitv type actuator with a l ine connected to thle

extend port and a line connected to the retract. port . Actuat or des igns that

can be used are as foil )w,;

o Balanced actuator

o Unbalanced actuator

o Partially balanced actuator

-Parallel balanced or unba lanccd actuator (provided piston, rods
react a common load).

The actuator fluid, piston and wall temperatures are computed.

6.102-1



TACTi02

CARD NUMIBER I

COLUMN FORMAT DATA

)-5 15 Component Number

6-10 15 Type Numbei = 102

11-15 15 Number of Real Data Cards 4

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (witi, sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLF CARD

000 0 0 0 a 000 010 00 00 0 000 0 De0 0 00 0 000 0 i 0 0 0 00 0 0O 0 00000 0 0 0O0 a0 d~u 30 0 0;0 0 0 0 00 0 0 a0! 0 0 G 0

Ii iI el I j A 4: 1 i I I I I I I I I I I I I I I I I I

3, 133133t333333333333 3i3333= 3333333333333333 33 33 333 333 '; 3 33333.

4 4*, 444 : 4 4 4 4 , .1 4 1 4 4 '4 4 4 i 4 4 '4 : 4 4 4 4 4 ! t 4 1 1 4 ', 4 . 4 4 4 4.
4444 44 ' 444414444414414414444444:444f444

,II ,, 54 ' t t, 'y'Is.51:I7 i Ille"I l ' 1 l1 ' I

55 5 5515 5 5 55 55 555 55 55 5 5 5 5 5s 5 5 5 5 515 ;5 It 5 5 551555'5'*' 'I 5 5 55 5 JS5 5 5 5' V 51 5 5 55 5 5I I ,I• iI I + " i +

6 6 ; 6 S;6 G 6 6 6 6 6 6 6,6 6 6 6 6 6 6 6 6;, 6 6 6 619 6 6 6 6 A 6 6 6 6 6 6 6 6 6 66E 6666666 666666
MCOONNCLL AUTOMATION COMPANY

' 8 8: 0 '80 8

8 a 886 -'8 8 8888 :81 8 8 888aa 8 8a18 18 8880 8a868 8188 818 8 08'S t 6 883 888 I a 86 8 ;0S 0

99 919 0 9 9 9 99 9 9999999 9 9 1 9;9 9 9 919 9 99 919 9 9 9 99 9 1 9 919 9 I 9 gh 9o 9 o9 9 9 9 91, 9 9 9 9:9 9 .911 9 9o 9i9 9 o 9
.;I 1 , 5 5558 '5 'I it i° l'I l ll 777| I 1 71 15 71 71I I :)5 5 II Ii.i2 II . U '72''I-
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CARD NUMBER 2

COLUMN FORMAT DATA I DIMLNS IONS
I+

1-10 EIO. 0 I/ VOLUME ATr ZERO STIROKE TN."

11-20 E10. 0 #12 VOLUME Al' 'I:RO STROKE IN.

21-30 E10.0 #'1 PIS'FON AREA (EXTENI-)ED IN . 2

31-40 E10. 0 #12 PISTON AREA (RET'RACTrED) IN.

51-60 E10.0 PISTON MATERIAL TrYP

61-70 E10. 0 IC'JATroR MAss

71-80 jE10-0 ACTUATOR WALTL TH'ICKNESS IN.

EXAMPLE CARD

1L1 - 9 . 0 .1I 17 .Y 1 92 0P5 -4.5 ,1 s.

I 5. I 1 '0 d14 1. 12 71~W fl~4~ 2- 1~1 ?1 i 5 11
. 

fl3C3,3*l 40 ,4 l , .l f 4,lA1 50% .5S A4 %. *1

0 00 ;00 c0 0 aa 00CO00 00 000 a0 0000000 100 000 0aO 01 09006056001 00 00 000000 oo oo 00 ro

313, 4 1 4 4 4 1 34 333333 4 4 33;14 33 fl *s 31 4 3333 4 431 134 4 .4 l4 6 4134 1 33 4 3'4 4 1 1111 4 44 4 4 43 4144 A 433''l;;4 4 441 11 t I1 1 71111 :, j 1 1 1 1 11 15 1 11 11 I 1 111 11 11 N, &41 I s 15 1111 ' I I ! N I i 16 4I''' 6 i 6 41 1

Z 9 111 1 IN I 1 I1111O :

33 J 133333 1 ~ 13333 1 ~ 3333 31133 13 is 3 33 9 333 9 s s 9 33. i9 18 :8

n 0 I II

444 4r 44 44 44 44 44 44 44 44 44 44 4,4 44 44 4444 444G.102-344,444



CARD NUMBER I

COLUMN FORMAT11 DATA iDIMENSIONS j
1-10 E-1L.O 1 SURFACE AREA FLUID1 TO ACTUATrOR (NOT -~ IN. 2

IC U ING; PI1STON AI"F __________________

11-20 L10.O i'STO',' HEIGHT TN.1

21-30 E3771 PISTON -1CMS IN.

31-40 E10.0 PISTON RO 'AMETER IN.

41-50 E'10. 0 SURFACE AREA ACTUATOR CASE rO ATMOSPHERE IN. 2

51-60 F1~i0.0 HEATr TRANSFER COEIFF CTUAJXPRTO ATIM~OSP0EI" 1WA I"SI N. 2...."

61-7 0 IEl 0. 0 HEAT TRANSFER coriFF TL ) ISTON WAOISIN. 2 -"F.

71-80 IEl (J. 0 SRONIGs~cu. TUI

EXA.,MPLE CARD

1. 5 5 44 j -

0 a 1 0;0 0 0 0 0 0 0 a 0,0 0~,, 0 000 0 00 0 0 0 .0 0 00 000000oooo0:0 oo 0 aI a a, i. a68 oo a o o a ;
1, r4 oI''111 ; )s1 1 4 1,of 4. ' 4'd 11 1 1 . 343 5? , l $ 1, 4 1 4 . ... ..4 '' '' I I I4

3333333 3 333,33:3 3Zj333333:333 3133333 13133333 3'3333 3 3'3 133 , 33 3 911 3,3 3

4 4444114 44 4 44 44444444 4444 4 44 44 4 4 44 44 44 44 44 4 4 4 44444 4 ,4 4 4 4 4 4 4444 44 1444 44 11
I " 11 1 4):121: 1it3 7114 1; 1 1i , 1 ;4," 4 , it1 $6P 14 1 . ,,y 4 ,. 4 4 ; 41 4 1 , ], .' I I

5555 ~. 5~555555 555555 5 :1S 155555455555 s5 5; 555s555 5 5 55 s' '5 5 5 5 55 55

6 66 66 66 6 66 6 6666666666666 6 6 6666666 6 ' 6 666.6 66 6 66 6 66 66 66 6 EG6 66 6!6 E6 61; s 66 6 G5 G56 666
MCDONNELL AUTOMATION COMPANY -

s98 180 -3 8 1: 1~ 08 1 SI 050 0 V 8:88 881 1 8 a a 8 8 8 8 0 a88aa 8~ 0000A a oil

5999,9* '399999 : gigo sss 9 s als gi 1 99 9 9 999 9 q~ 999 99 q99 9 9 ;9 999 93 9 5s 9 13 9 g9 9
4 6 11is 1 '.214 111''I'11111)I$ nn 1 11f"IItI)lIIIIflIn )','14. 441441 I4 41 11 1)1 1 4 It4' 1 1 1141 U4 Is I I' 431
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CARD NUMBER 4

COLUMN FORMAT DATA DIMENSIONS

1-0 E1O. SURROUNDING A'MOSPIUIRE TEHPERATURE 1
11-20 E1O.0 INITIAL TEMPERATURE OF THE FLUID

21-30 E1O.O INITIAL TEMPERATURE OF TIlE CASE I

31-40 E1O.O STROKE AT MINIMUM POSITION (-VE OR ZERO) I TN.

41-50 EIO.O STROKE AT MAXIMUM POSITION (+VE OR ZERO) IN.

51-60 ElO.O SEAL FRICTION - _ _f

61-70 E1O. 0 LOAI) AT MIN. STROKE (RETRACTE)) LB.
I~~~~ __ LB.___ _ _ __ _ _

71-80 EIO.O LOAD AT MAX. STROKE (EXTENDED)

EXAMPLE CARD

. 9 7 * 22 ? 24 5 ft 1 [l ' , $ 11 1 1 ,1 .& . .' .. I . % '

Ic 0 00 00 00 00 C0 00 00 0 00 0 0 0 0 0 a010 0 0 j0 0 000 O~oo 00 0 a00 0:0a0 0 O0 a3 00000 1 !000001

I I I l 11 1 1 t i l I I I I I I I II 13 11 1 1

33 3: 3 i3 .,.3 ' II''' :333333:3333J1 ' 3343 , 13 II! S ,13j3I3333

66 66: 6 666 66 6 6 6 6!6 G 6 6565; 6 6 6, A 66 6 6 656666 16 6655 666656 6 6 6 55566 6 6 666
MCDONN-LL AUTOMATION COMPIANY :

SI ' I I I I I 8a

9 919o g 9 9;9,9 9 9 lif I 1 9 99,999 99 999: 999 9 5 9 3 9999 999999999 9999999999
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CARD NUMBER 5

COLUMN FORMAT1  DATA IMNIS

1-10 E10.0 INITIAL STROKE AT TIME T =0.0 1 IN.

11-20 E10.0___________4

21-30 E10.0

31-40 E10.0

41-50 IEIO.0

51-60 E10.0

61-70 EIO.O

71-80 E10.0

EXAMPLE CARD

0 a G a0 0 I 0 00 0:0 0 aa0' IC000Ap0a0100000150010000000000000000 fl 0 0 0 a 0 o oo 00000o0,000o o00 o00o
0-0 o 0 .o 70o 1 0 0 1333~ 37 1 1if77R 7:lIj 3 ,'777ef41 , 4 41 4, ' 1 it 1 64 6 4),')4 1 4U 6' 1 1

33 '3 333333333133333333333333333333,3333'33333133333 !,3 3 '3 J.3 3333 3323 3333333

4 4 4 4 1 44 4 4 4Ii 41 4 4444 :4 44 44,444 4 44 4 4 4441 4 44 1 44 4 414 44 4 A4 44 444444 4 441 4 4 44 VA4 4 4

1 5 11f,-I 'I I I II Il 
41:

6 66 E:56 66 6666 6 66 6 56 66 6 6 6666 6 6 666"66 16 6 6 6 6"66 6 6 66s6 66 6 66 66 65S6 6 65
I MCCONNELL AUTOMATION COM.PANY : I

1 aa a a 1:9 9i 1l 9 91 11011 9 II 5999 111 1 qiii 9 941 a9~ 0 101 a 9 ~ 9 4 99999991190 1a II 9 .aa 10 1 00 Is1 9 9
1. 71 n n ? 1I t 1.) 1; )1 I s 10 I 4 1 - A ) V 111115 1 06 . $ & 1 I t

I I 4 I F

:' 8008 96.102 06



7. (0 SY-STEM ARRANGEMENTr DATlA

This section of the input data is used to describe the system arrangement.

Having input the necessai y information for all the system lines and components,

one must flow input thle waly in which these components and l ines are interconnected.

Spec jal Cases

If a leg is terminated by a constant pressure souirce, the constant pressure

has to be input along with thle leg connection information N~ a t v,'e ,,I reservoi r. A

current restrict ion requires that only nodes with a single eg can hlay 2 a constant

pressure terminat ion. A second restrict ion is that there is t e ait I 2ast one

variable node. Nodes should not be placed in thle center oi ai:v 'otlpov_!nt having

a pressure loss since each leg connecteud to thle node willI inc.i 'c.( t he pressure

drop of the component.

Wtier component restrictions are as fol lows-

VAILS - ITALVI21 can require three or fo-,ir nodes depcnding upoi'

the valve usage. The four-way valve and three-way vers ion- of \LV22 are

described as follows:

SUPPLY SUPPLY

CON #1 O f

CON #4< CON #2

CON #3 CON #2

COP, 
#3

RETURNTHREE -WAY
FOUR-WAY

FOUR -WAY- THREF WAY

7.0-1



The Valve schematic should be established for steady state operation including

any interflow patns. A node Is then required at every connection that splits

or merges flow (including interflow leakage) and at any connection that termi-

nates flow.

Actuators - Unbalanced actuators must include a node which is used to account

for any flow gain or loss in event the actuator is in motion during steady

state conditions.

Reservoirs -

o RSVR6l requires one node

o RSVR62 requires two nodes open ended (not connected by a leg). One

node is considered to be on the low pressure ,ide with the other node considered

on the high pressure side.

7.1 GENERAL DATA

On this card input th number of nodes and the number of legs.

7. 0-2



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Number of Nodes

6-10 15 Number of Legs

11-15 15

16-20 15

21-25 15

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

010 000 0 0 0 00 a 0 00 00 0 00 0000 0 00 0 0000 00p0 0 0 00 0 0 00 0 00 0000 00 0 0 00 00 0 0 010 0 00 0:0 0000G
I1 )2 I n: A! 1 l l'l l l l I I it I I if I I 1 1to I 1 $ I I I l 1 v , , I 1 I , If

If I

2 22 '2 2 2722222222 22 2 222222222222222 212 2 2 2 72222222222 2 2 2 2'222 22222 7'2 22?

444444 I 44 444444444 4444 14444 44441441 4 4444W4444 44444444444 4 4:444 4 4444 4444

I I I i 

666666666666666:b 66666 6:" 6 6 6 6666666666666666566666 's 66 6 666 5 66 6666 6665 6 66
CDONNELL. AUTOMATION COMPANY :

I1 I I 1 1 0 I ' I 1 1 111 001 1 01;11 1 1 111 0111 101 1 I I II I 0 0 0 001 | I' I I0 1 1 01 1 1 01 11I 1 11 1
I I ' I I

a 088080880 I 8's3 8a 18 83 188 880 88 80104,I00a 8 628,88881688888 a a a a
I1 S i ! II  3 4 I

9 9999 999999999 199999 99 999 1999 99 999999 9 9 999919 9 9 99 99999 q1 9 9999 39 99999
I 1 1 f 12 1 ) 3 4 43 43 if II 1111 If 33 3 3 2 2 23 o 11 33 34 3f 0 i 3 3 3 i . 430 1 2241' It at 33 33M 34 . 3 6 1 4 23 34 3 : I
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7.2 LEG INPUT DATA

Two or more cards are required to input the data for each leg. rhe first

card contains the leg number, upstream node number, downstream node number,

number of elements in the leg, initial flow guess, constant pressure at

upstream node if applicable and constant pressure at downstream node, if

applioible.

The second card or cards contains the leg connection details. Starting

with the component or line at the upstream node and progressing along the flow

path to the downstream node, the element number and type are input. Because

of the mixture of lines and components, the need to differentiate between

the element numbering system is as follows:

First Pair of Data

First value >0 Component number

=0 Element is a line

Second value = *Component connection number or line number

*Use upstream connection if the component has upstream and downstream connections

in the same leg.

This is repeated N times for the N elements in the leg.
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CARD NUMBER 1

COLUMN FORMAT DATA DIMENSIONS

I-5 1 5 Leg Number

0-10 1- Upstream Node Number

11-15 15 Downstream Node Number

16-20 15 Number of Elements in Leg

21- 30 E10O Initial Flow Guess ] cis

f1-40 !.,10.0 Constant Pressure at Upstream Node psi

41-S I10.0 Constant Pressure at Downstream Node psi

6 E 
.10.0

EXAMPLE CARD

4 70 1 * Z. 25 n 21 26 1942*S 1 1. 01 1. 1' 1 $4') 5. 14 45 1,11 1 a 1 11 1 11 1? 1& 111'1 11 1 itl 11 ,t s i 2sit n n, to v% AI i$ i
t  

i s o! 11 4,t 1 5 4 w 4P l- I. It 1 s II 4, t ty 1 4 1•4 00 1 i t is )I i 13 1 4. "1 11 1 1 It,ooooo1 oo4oooooooo
II i i: I i1 1I i ;Ii II ll i I li I i II t !' ' ! iflh I!I i, iI iIlI I ' I ll I I I I I I I!'1 I I Illii I I i i:l I IiI

1 o

4 . I € I I €

333333333333333333 j 3333313333 j33333:3333333333133333;] 333,3 J333 33 3 3-3333 3 3333333 3 33

1, 4, 3 6 0:0 t 1 1 ) ,

2 I I s I 
I 

" "

MCDONNELL AUTOMATION COMPANY , 5 I

3 1 $ 6c8 1 1 8 il II I I II I ,I I I I I I II a88aI a a a II 1 81 a0 89 C 8' 8 l:16 8 88, ll g,8 18 88a 8 8 8 8 ,I I I I I I 4

19 s9 II 99 91A91 19 II g999 9 9 9 9999 999 9 9:99 99999 9 9 i 99 1 99 99 999999i9999g9
I 0 I 1sti

7.0-5



CARD NUMBER 2

COLUMN FORMAT DATA

1-5 15 Component Number or Zero if Line

6-10 15 Connection or Line Number

11-15 15 Repeat in Pairs for

16-20 15 the Number of Elements

21-25 15 in a Leg - Use as Many

26-30 15 Cards as Necessary

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

it' .. v5 1 1 1,1 11 -S 1

0 0 0;0 0 0 0 0 0 0 o =: o boooooo 0 a 0, o0oooa'o 00 0 0 60 o so 0 0 000 00 0a00 0 00 010 U 0 00 0 300 0100 00 00 4

a '-,.-I I .: '4 , ' 4', . I 'H1 4. "'4 4 944~ a 5 ~ ' a44 44 ~ a '44 ) 4

llII I i- i I " = ..... I .... .. II ' l i7157 - '1-4 . 1? a s3:6 f f-1 4 $~ I$l 1 is 11 $ 1 11 ifs f2 I I I I f

12 2 2 22,22 22 22 22 2:2 222 2 22 2??7? 2 22 2 222 2272 2 2 2222 2222 2 2 2 22 22 2:222 22222 2 22 222

a I I a4 i 4 4 4 4 I t 4 4 4 4 13333' 1333 33333:3333333333,333313333 3~1,333333333 33 33333333 33 3333313333333333333

4 4 4 4 444 44 4444414 44444444444444 44444444444444 44414 444444 4'4 4 1'44 44444444
1 14 1,1 I4 11 1) ) s J 1i 1 C 4 4 14 4. 11 . ;S 1A I I Ii

5i 55 5' oS o 'o5 55 5 5 5:5 5 5 5 5 5 5 5 S5 S 5 5 5 55 5 5 5 5 5 5 5, 515 5 5 S 515 55- S 15 S S , 1

S6 6S66 666 66,666666 6666666666 6,666666665 5 6 666 6 666 6 6 : 6 6 66 6666666 6
J , MCOONNCLL AUTOMATION COMPANY ! I 616

8's" I 8I 18 71 1 1 IaI1 8q a 8I1 88S8 a 18 88 81's I1 1 g l I " 0 a a 8* 8 e 81 a'"I I 888888 1 98a8
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8.0 OUTPUT REQUIREMENTS DATA

The program will output in a print plot form, anv calculated system

variable versus time. The time interval between plctted points is input on

the first general control card.

When using the print plot routine, it should be noted that 101 points

are the maximum that can be plotted on one page. When more than 101 points

are requested, the plot is continued on an additional page(s).

The line variables which can be selected are the pressures, flows,

wall temperature, and fluid temperature up and downstream of each line.

The component variables which can be selected are listed in paragraph 8.2.

8. 0-1



PLOT DATA CARD

COLUMN FORM0AT DATA

1-5 15 Number of line plot data cards

6-10 15 Number of component variables to be plotted

11-15 15 0

16-20 15 0 - Normal graphs +1 - Prints listing of plotted values

21-25 15 0

26-30 15 0

31-35 15 0 - No Graphs

+1 - Normal Graphs

36-40 15 0 - Normal Graphs

+1 - Prints Magnitudes (*)

EXAMPLE CARD

a a aaI aaaa i ' , aaaa, a'ai a i a a aa a] a a' aI a ' a; i al ' iII

222 2 2:2 2 2 22 22 ,2 22: 22 2 2 2 2 2 2,2 22 22 2 2 2 2'2 2 2 2 212 2 2 22 2 2 2 2!2 2 2 ? .22 2 2 2, 2 2 1 ? 2 2 j2 2 22 ?222
I I I ! 3 3 3

33333,3333333333333333333333333333333333333333'13333333333333133333;33333333 "33 333,, I , , 4:4 !
44444,4444 4444444444444 44,44444 4444,4444444444,444 144444 4.4 1 41 444 44 444 4 4.44444

66666666 666 6666666666666:6666616666666666 6666666666666 65 6S6666666666 6 6
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I I I I834~~~~~~~~~ ~~~~ 1~ 888888'8888 8888a8 8'8 88888 8 898 88888 8 8888

9 999 9; 99Sv9 99 9 9 919999 1 9 9 9999 9 9 9 999999 99 9999999;. 9-9 9 9 99 9 9:99 1 919 9 991999S9
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8.1 OUTPUT OF LINE VARIABLES

Line variables, pressure, flow, component temperature, fluid temperature,

and wall temperature at the upstream and downstream of each line are the

possible plots. A + 3tands for upstream and a - stands for the downstream

location. Iny or all may be plotted for each line on the line Plot Card,

and they may appear in any order.

1 - pressure

2 - flow

3 - component temperature

4 - fluid temperature

5 - wall tempera'ure

The number of plots (total, up tc 10) must be included in columns 6-10.
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LINE PLOT CARl)

COLUMN FORMAT DATA

1-5 i)  Line Number to be Plotted

6-10 15 Number of Plots for that Line

11-15 15 +1 - Provides uostram nr-q-ure

16-20 15 -1 - Provides downstream pressure

21-25 15 +2 - Provides upstream flow

26-30 15 -2 - Provides downstream flow

31-35 15 +3 - Provides upstream component temperature

36-40 15 -3 - Provides downstream component temperature

41-45 15 +4 - Provides upstream fluid temperature

46-50 15 -4 - Provides downstream fluid temperature

51-55 15 +5 - Provides upstream wall temperature

56-60 15 -5 - Provides downstream wall temperatt,

61-65 15

66-70 15

71-75 15

76-80 15

EXAMPLE CARD

S S 1 2 3 4 5

0 00 0 00a0 00 00 0 0000 0 0 0 0 00 0'0 00 a0 00 00 00 00 0 a0 000 0;0 00 0 (10 00 001 0 000 00 0 0000 J 0 00 0 0 00,0 00 00
-' II 1'1O I " OO OOa " l ' ' '

222 , 222 22 2222o222 2 22:22 2222222' ,,:2, , 2212222 ;

33J13.33333333l333333333b:3333333333J333333333V333333333333333333333333333JJJ2333
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5 :5555 ) 5 5 5 ' 55'515 5 5 5 5 5 5 5 i S 5 5 5 55 )S 5
6 i6 ' ' F

6~66660 bI,,666 I '66656 66 b 6666
66666666666 666'66666 b 66666666 6 b6666 66666666666606666 6 56 bbS
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S I I Itr I I
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8.2 OUTPUT OF COMPONENT VARIABLES

The component variables to be output are selected from Tables

8.2-21 - 8.2-102.

The total number of component variables to be plotted must be input

on the Plot data Card in columns 6-10 and should equal the number of

pairs of data on the following cards.
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COMPONEINT PL~oT CARD

COLUMN FCRNAT DATA

1-5 11) Component Number Assigned

6-10 15 Variable Number to be Plotted

11-15 Is (This is repeated using additional cards, if nec'~ssary,

16-20 15 upntil all component variables to be plotted have been

21-25 15 listed.)

26-30 15 _______________________________ ___

31-35 15 _____________________________________

36-40 15 -

41-45 15 _ _ _____________________________ ___

46-50 15 _________________________________

51-55 15 __________________________________

56-60 15 ____________________________________

61-65 15___________________________________

66-7 15 ___________________________________

71-75 15 ________________________________ ___

76-80 15 ________________________________

EXAMPLE CARD

I ? 3 E 5 1 5 C

0 00 0 0;0 00 0 00 00 00:0 a0 0 000 00 010 0a0 00 0010 00 a01 0 0000 0 0010 00 0 00 0 000 0a0 0 0 0 D 010 0 a0 0:0 a00 0

2222,27 2:2 212772972 22:2 722 212-22 7-2 722722??p27?7???222?z22272 212 2 127'? 21'

3 3333:333 333J3 ;: 3 3333 33 3 313333 3 3 333 3:333331330 3' 3133 3 33 3 3 33 333 3 3333 !3 33 1 133 33 3333

I I
nIl1 11 4 1 5 ? " , , , . " % I I I

5 55 5515 55 5S5 55 5555 5 5 5 55"'55 5 155 555 5 :S5 5 55 5 55S5 5 555 5, 5 55 5 55 5 5 555 5 5 55 5 55;:5S5;;; 1,; i'i aMCDONNELL AUrOMArION '7&PANY ~ ~ ~ 1

1 7 1 74il I7777 77I 47 4 I4 !I I I 4I7 I 4 I 4 M II 1 1 74 4 74 777ll I I 1 1 1 1 7 1 1 4 7 I I I l I '17 ' ' 4 4
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TABLE 8.2-21

TVALV2 1

PROGRAMMED VARIABLE SELECTION

Number Name Descriotion Dimension

3 TVP Temperature of the Valve O
Piston
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TABLE 8.2-31

TCVAL31

PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

9 TP Temperature of the OF

Poppet
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TABLE 8.2-62

TRSVR62

PROGRANIED VARIABLE SELECTION

Number Name Description Dimension

7 TP Temperature of the Reservoir OF
Piston

8 ASFR Surface Area Fluid to in.2

Reservoir Walls

3
9 VOLUME Volume of the fluid in in.

the Reservoir
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TABLE 8.2-71

TACUM71

PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

1 TAN Temperature of the Walls OF

Gas Side

3 TPN Temperature of the Piston OF

4 TG Temperature of de Gas OF
5 VOLO Volume of the Oil I N 3

6 VOLG Volume of the Gas IN. 3

7 VP Velocity of the Piston IN./SEC.

9 PO Pressure of the Oil PSI

10 PG Pressure of the Gas PSI
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TABLE 8.2-69

TIIEX69

PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

3 TEC Temperature of the Exchanger OF

Cooling Liquid

4 TEP Temperature of the Exchanger OF
Pipe
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TABLE 8.2-102

TACT102

PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

3 TPN Temperature of the Piston OF

4 TFAI Temperature of the Fluid in Volume 1 OF

5 TFA2 Temperature of the Fluid in Volume 2 OF

6 P1 Pressure in Volume 1 PSI

7 P2 Pressure in Volume 2 PSI

8 X Distance the Piston ts IN.

From Zero Stroke

9 VEL Velocity of the Piston IN./SEC.

16 VOLUMEI Volume I IN.3

17 VOLUME2 Volume 2 IN. 3
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TABLE 8.2-51

TIPUM1 5]

PROGRAMMEI) VARIAIBLE SEILECTION

NUB ER NAMIE )ESCRIPTION DIMENSION

1 TFPI Inlet Volume Fluid Temperature 01F

5 TPN Rotating Group Temperature I.

10 PINLE'T Inlet Iressure PSI

13 PCASE Case Pressure PSI

14 POnuTIr OuLleL Pressure PSI
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9.0 COMPUTEIR OUTPUT

The time history print plots of flow, pressure, temperatures, and component

state variables form the basic output of the program. Bv the addition of simple

write statements, the output can also be written to files for storage and subse-

quent processing or to the output for printing. Since there are so manv ways of

handling the output information, each (lepe:,dent on the user's local facilities,

it Is pointless to discuss the details of how to transfer files, etc.

rhe user should also beware of inputting unrealistic rates of valve opening

and closure, since these can exaggerate the steady state solution.

The user will soon become aware of what problems to look for, and the

experience gained in using IYTTIIA will help in both the detailed analysis and

the intuitive approach to solving problems.
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