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INTRODUCTION 

A simple FORTRAN propram has been written to compute loss coefficient 

or friction factor for a given geometry using experimental data. Also the 

Reynolds niunber and Kach number are computed for the given conditions. The 

equations defining the calculated values are given below. 

The experimentally measured pressures and pressure drops may be input 

in the units of measurement, i.e., in psi, inches of mercury, or inches of water. 

All readings are converted to psi within the program. 

If the geometry is one or more circular holes, a circular annulus, 

or a rectang'ilar annulus, the program will compute the area and equivalent 

diameter given the necessary dimensions. Any other configuration must be de

signated by inputing its area and equivalent diameter. 

The working fluid may be either air or hydrogen. The properties of 

hydrogen are calculated from a normal {25% para-) hydrogen properties sub

routine. Air is assumed to obey the perfect gas law and to have a specific 

heat ratio of 1.40. The viscosity of air is given by a least squares fit to 

data obtained from Hunsaker and Rightmire. 

The total mass flow through the system can be measured by a sonic or 

a reversible, adiabatic nozzle,. Again the measured pressures can be input in 

experimental units, and are converted to psi within the program. The mass flow 

equations are also given later. 

In all cases the temperature data must be input in degrees Fahrenheit 

and lengths in inches. 

The program computes the required data for any number of test points 

taken for a given geometry. Also different problems may be input consecutively. 

^A 
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In the follov;ing, although the same s;/mbol may be used in different 

equations, it is replaced in the program by •? different variable name each 

time it occurs. 

Loss Coefficient 

,2 2 P g A P A' 

144 w^ 

where 

C ~ loss coefficient 

p - density evaluated at given temperature and pressure 

(Ib/ft^) 

g - 32.2 ft/sec^ 

A P =- pressure drop across component (lb/in.2) 

A -- area of flow (in.^) 

w ~ ma.ss flow rate of fluid (lb/sec) 

Friction Factor 

^ 2^ g A P Â  

144 w2 
De 

where 

f == friction factor 

De = equivalent diameter (in.) 

L = length between pressure drop taps (in.) 

2 
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Reĵ Tiolds Number 

Re 12 w De 

/iA 

where 

IL " viscosity evaluated at given temperature and pressure 

(Ib/ft-sec) 

Ilach Number 

where 

H 144 w 

p A '̂. kg RT 

R 

T 

specific heat ratio evaluated at given temperature and 

pressure 

53-33 ft/^R for air or 766.4 ft/°R for hydrogen 

temperature (°R) 

Mass Flow liate 

^onic 

w = C P 
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where 

\! =^ mass flow rate (lb/sec) 

C = orifice coefficient 

P =̂- absolute pressure upstream of orifice (lb/in.2) 

T ~ temperature at nozzle (°R) 

Reversible, Adiabatic 

,2/k „ (k+l)/k 
w = C ' ^^ ^ t- '• \^^ - ^ I 

nt : 2k p g P IR"'" - R 

^2 _ (k-1) (1-^.2 ̂ 2/k) 

v/here 

C = CA 

G = orifice coefficient 

A = orifice area (in. ) 

k = specific heat ratio evaluated at conditions upstream 

of orifice 

f~^ ~ density evaluated at conditions upstream of orifice 

(lb/ft3) 

P = absolute pressure upstream of orifice (lb/in. ) 

R = ratio of absolute downstream to absolute upstream pressure 

/j = ratio of orifice area to pipe area 
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Input 

The input consists of cards which describe the geometry and fluid type, 

the units of measurement, and other characteristics which remain the same during 

a particular test. The other cards give the pressure, temperature, and pressure 

drop for the component and the flow orifice measured during the test. There 

should be one of these cards for each test point. 

A description of the input and a sample input sheet for each type of 

constant follows. 

Card Number 

1 

2 

3 

Columns 

1-80 

1-80 

1-8 

9-16 

Comments about tl 

type of fluid 

type of geometry 

17-24 

25-32 

33-40 

41-48 

49-56 

1-8 

units of pressure 

units of pressure 
drop 

type of constant 

Description 

my 
characters are permitted 

0. hydrogen 
1. air 

0. circular hole (s) 
1. circular annulus 
2. rectangular annulus 
3. other 

0. psi gauge 
1. in. mercury 
2. in. water 

0. psi gauge 
1. in. mercury 
2. in. water 

0. loss coefficient 
1. friction factor 

number of test points 

barometric pressure (in. Hg) 

geometry information if circular holes, give 
niimber of holes. 

if circular annulus, give 
smaller diameter. 

if rectangular annulus, 
give length. 

if other, give value of area. 
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rd Number 

4 

Columns 

9-16 

6 or 7 
through 
number 
of 
test 
points 

1-8 

9-16 

17-24 

25-32 

1-8 

Description 

geometry information if circular holes, give 
hole diameter. 

if circular annulus, give 
larger diameter, 

if rectangular arjiulus, 
give width, 

if other, give the value of 
equivalent diameter. 

type of flow orifice 0. sonic 
1. reversible, adiabatic 

units of orifice 
pressure 

0. psi gauge 
1. in. mercury 
2. in. water 

1-8 

9-16 

17-24 

25-32 

33-40 

41-48 

49-56 

57-64 

65-72 

flow constant (C for sonic, C for reversible, 
adiabatic) 

/](only needed for reversible, adiabatic; may be 
^ left blank for sonic) 

length between pressure drop taps (this card is 
needed only when calculating friction factor 
and must be omitted when loss coefficient is 
calculated) 

value of pressure at which properties are to be evaluated 

value of pressure at which properties are to be evaluated 

value of temperature at which properties are to be evaluated 

value of temperature at ivhich properties are to be evaluated 

value of pressure drop across component 

value of pressure drop across component 

value of pressure inlet to flow measuring orifice 

value of pressure exit from flow measuring orifice 

value of temperature at flow measuring orifice 

6 
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In the a'̂ ove input all values :;hich involve length nust ha.ve inten

sions of inches and all temperatures are input in degrees Frhrenlaeit. Further, 

all input values must contain a deci'ial point. 

The tv/o values of pressure, te':per"ture, -nd pressure drop are 

averaged arithmetically/ in the program. Thus, if onJLy one value is measured, 

it should be entered in both locations. 

®A 
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FCiRT.lT SOURCE PROGR."J! 

DIMENSION COMM(40) 8/31/64 

DIMENSION C0MM(40) 
C THIS PROGRAM CALCULATES LOSS COEFF. OR FRICTION FACTOR FOR VARIOUS 
C GEOMETRIES. PRESSURE AND PRESSURE DROPS CAN RE IN PSI, IN. H20 OR 
C IN. HG. ALL DIMENSIONS IN INCHES AND TEMPERATURES IN OEG. FAHR. 
C ALSO CALCULATES REYNOLDS AND MACH NUMBERS FOR GIVEN GEOMETRY 
5000 READ nPUT TAPE 5,1, ICOMMI I ) , I=»l ,40 ) 

1 F0RMAT(20A4) 
READ INPUT TAPE 5,2.FLTYPE,GEOTYP,PUNIT,DPUNIT,CONTYP,CASES,PA 

2 FORMATIlOEB.l) 
IF(GEOTYP)10000,10,ll 

10 READ INPUT TAPE 5,2,HOLES,01 A 
AREA=»0.785A»H0LES*DIA»«2 
EODIA^OIA 
GO TO 100 

11 IF(GE0TYP-1.1)12,10000,13 
12 READ INPUT TAPt 5,2,01Al,DIA2 

AREA=0.7854»(0IA2»»2-DIA1»»2» 
EQDIA=0IA2-DIA1 
GO TO 100 

13 IF(GE0TyP-2.1)14,10000,15 
14 READ INPUT TAPE 5,2,A,B 

AREA=A»B 
E0DIA=2.0»A«B/(A*B» 
GO TO lOJ 

15 READ INPUT TAPE 5,2,AREA,EODIA 
100 WRITE OUTPUT TAPE 6,3,(COMMII),I = 1,40),ARE A,EOOIA 

3 FORMAT(1H1,15X,20A4//15X,20A4//15X,6HAREA =,F8.5,8X,21HE0UIVALENT 
IDIAMETtR =,F8.5) 
READ INPUT TAPE 5,2 , iONTYP.PNUNIT,C,BElASO 
IF(C0NTYP)10000,17,16 

16 READ INPUT TAPE 5,2,0IS 
D=EODIA/DIS 
WRITE OUTPUT TAPE 6,4 

4 F0RMAT«/5X,4HPAVE,5X,4HTAVc,5X,5H0PAVE,3X,7HDENSITY,5X,9HVISC0SITY 
1,7X,1HK,7X,4HFL0W,7X,2HFF,7X,8HREYN0LDS,6X,4HMACH/5X,4HPSIG,5X,5H0 
2EG.F,4X,4HPSI0,4X,7HLB/CUFr,5X,9HL8/FT-SEC,15X,6HL3/SEC) 
GO TO 200 

17 0=1.0 
WRITE OUTPUT TAPE 6,5 

5 F0RMAT(/5X,4HPAVE,5X,4HTAVt,5X,5HDPAVE,3X,7H0ENSITY,5X,9H7ISC0SirY 
1,7X,1HK,7X,4HFL0W,5X,5HCL0SS,6X,8HREYN0LDS,6X,4HMACH/5X,4HPSIG,5X, 
25HDEG.F,4X,4HPSI0,4X,7HL0/CUFT,5X,9HLB/FT-SEC,15X,6HLB/SEC) 

200 NCASES=CASES 
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^ORTl I. oOURCr; PROGR-'JI 
(Continued) 

DIMENSION C0MMI4d» 8/31/64 

ATM»PA»0.4912 
DO 1000 J«l,NCAStS 
READ INPUT TAPE 5,2,P1A,PIB,Tl,T2.0P1,0P2,PUP,PDOWN,TN 
PBAR«(PlA*PlP)/2.0 
TBAR=«(Tl*T2)/2.0 
0PbAR»(DPUDP2)/2.0 
IF(PUNIT)10000,18,19 

19 IF(PUNIT-1.1)20,10000,21 
20 PBAR»POAR»0.4912 

GO TO Id 
21 PBAR'PbAR*0.03613 
18 IF(FLTYPE)10000,22,23 
22 CALL PKPS(TBAR'f460.,PBAR4ATH,.25,RH0,HX,SX,XX) 

CALL rKCP(TBAR«^4b0.,1.0/RHG,XK,CP) 
RAT«CP/(CP-0.98505) 
VIS>HMUIPdAR«ATM,1.0/RHO,rBAR«460.,0) 
GC«766.4 
GO TO 300 

23 RH0«2.*"*97»(PBAR*ATMI/(TBAK*460.» 
RAT»1.4 
VIS«(3.669e-07*5.56 E-10»«TBAR-50.)»«32.2 
CC=53.J3 

300 IF(PNUNIT)10000,24,25 
25 IFIPNUNIT-1.1)26,10000,27 
26 PUP"PUP«0.4912 

PDOWN«POOMN«0.4912 
GO TO 24 

27 PUP«PUP«0.03613 
PO0WN«PDOWN«0.03613 

24 IF(ZnNTYP)lO00O,28,29 
28 FL0W»C»(PUP*ATM)/SQRTF(TN*460.) 

GO TO 400 
29 R«IPDOWN*ATM)/(PUP*ArM) 

IF(FLTYPE)10000,50,51 
50 CALL P K P S ( T N * 4 6 0 . , P U P * A T M , . 2 5 , R H 1 , H X , S X , X X ) 

CALL T K C P ( T N * 4 6 0 . , 1 . 0 / K H 1 , X K , C R ) 
R A l = « C K / ( C R - 0 . 9 8 5 0 5 ) 
GO TO 1 0 7 1 6 

51 R H l = 2 . 4 9 9 7 » ( P U P * A T M ) / ( T N + 4 6 0 . ) 
R A 1 > 1 . 4 

10716 F L 0 M « I C / 1 2 . ) « S Q R T F ( 2 . » R A 1 « R H 1 » 3 2 . 2 » | P U P * A T M ) « ( R « » ( 2 . / R A 1 ) - R » » ( 1 . * 1 
l . / R A l ) ) / ( ( R A I - 1 . ) » ( 1 . - B E T A S Q » » 2 » R « * ( 2 . / R A 1 ) ) ) ) 

4 0 0 I F ( 0 P U N i n i 0 0 0 0 , 3 0 , 3 1 

11 



^^/istronuclear 

V/ANL-TMI-1212 

FORTRAN SOURCE PROGRAM 

(Continued) 

DIMENSION COMMI40) B/31/64 

31 IF(0PUNIT-1.1)32.10000,33 
32 0PBAR*DPBAR*0.4912 

GO TO 30 
33 DPBARxOPBAR'O.03613 
30 C0NST-0»2.*RH0*32.2«0PBAR«AREA»»2/(144.*FL0W**2> 

ftE«48.*FL0W/(VIS«4.*AKEA/EQDIA) 
U-144.«FL0W/(RH0*AREA«SQRTF(KAT»32.2»GC»(rBAR«460.))) 
WRITE OUTPUT TAPE 6*6,PBAR,TBAR,OPBAR,KHO.VIS,RAT,FLOW,CONST,REtU 

6 FORMATI5X,F5.1,4X,F5.1,4X,F5.l,4X,F6.3.4X,lPEll.4,4X,0PF6.3,4X,F5. 
I3,4XtF6.3,4X.lPEll.4,4X.0PF5.3) 

1000 CONTINUE 
GO TO 5000 

10000 STOP 
END 



PAVE 
PSIG 
85.2 
84.7 
85.2 
85.5 
84.7 
84.7 
84.7 
85.2 
85.5 
84.7 

FFL-8B 

RUN NO. 

AREA « 1 

TAVE 
• OEG.F 

80.5 
81.0 
82.5 
80.5 
79.5 
79.0 
78.0 
77.0 
76.5 
77.0 

CONTROL 

1 .048 

0.62852 

DPAVE 
PSID 

1.1 
2.2 
3.3 
4.2 
5.1 
5.9 
6.7 
7.7 
8.3 
8.9 

DRUM ORIFICE CALIBRATION 

INCH ANNULUS JUNE 24,1964 

EQUIVALENT DIAMETER ' 

DENSITY 
LB/CUFT 
0.497 
0.495 
0.496 
0.499 
0.496 
0.496 
0.497 
0.501 
0.502 
0.498 

VISCOSITY 
LB/FT-SEC 
1.2360E-05 
1.2369E-05 
1.2396E-05 
1.2360E-05 
1.2342E-05 
1.2333E-05 
1.2315E-05 
1.2298E-05 
1.2289E-05 
1.2298E-05 

OF CONTROL DRUM 

INLET 

ANNULUS ON 

LOSS COEFFICIENT 

• 0.09600 

K 

1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 

FLOW 
LB/SEC 
0.110 
0.154 
0.189 
0.217 
0.240 
0.263 
0.281 
0.302 
0.318 
0.330 

CLOSS 

7.911 
d.052 
7.973 
7.785 
7.760 
7.512 
7.456 
7.512 
7.301 
7.179 

AIR 

REYNOLDS 

1.6340E 04 
2.2385E 04 
2.7954E 04 
3.2142E 04 
3.5578E 04 
3.9065E 04 
4.1870E 04 
4.4987E 04 
4.7492E 04 
4.9243E 04 

MACH 

0.045 
0.063 
0.077 
0.087 
0.097 
0.107 
0.114 
0.122 
0.128 
0.134 

CQ 

§ 

c+ 

W 

CD 
(0 
c+ 

^ 
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en 
o o 
CD 
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O 
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g 
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FFL-8B CONTROL DRUM ORIFICE TEST CALIBKATION OF DRUM ANNULUS ON AIR 

PAVE 
PSIG 
84.2 
82.5 
82.0 
81,2 
80.2 
79.0 
78.2 
77.7 
77.0 
76.0 

RUN NO. 

AREA = 

TAVE 
OEG.F 
80.5 
81.0 
92.5 
BO.5 
T9.5 
79.0 
73.0 
77.0 
76.5 
77.0 

, I .048 

1.02870 

OPAVE 
PSIO 

0.2 
0.4 
0.7 
0.8 
1.0 
1.4 
1.7 
2.2 
2.0 
2.2 

INCH ANNULUS JUNE 24,1J64 

EQUIVALENT DIAMETHR •• 

DENSITY 
LR/CUFT 
0.493 
0.433 
0.479 
0.478 
0.473 
0.468 
0.465 
0.461 
0.460 
0.4^4 

VISCOSITY 
LB/FT-StC 
1.2360E-05 
1.2369E-05 
1.2i96E-05 
1.2360E-05 
1.2342e-0b 
1.2333E-05 
l.2n5E-05 
1.2298E-0S 
1.2289e-05 
1.2293E-Oi 

FRICTION FACTOR 

= 0.15600 

K 

1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 
1.400 

FLOW 
LB/SEC 
O.llO 
0.1!}4 
0.189 
0.217 
0.240 
0.263 
0.2dl 
0.302 
0.318 
0.330 

THRU ANNULUS 

FF 

0.014 
0.012 
0.013 
C.012 
0.012 
0.013 
0.015 
C.016 
0.013 
0.013 

REYNOLDS 

1.6223t 
2.2721!: 
2.7754t 
3.1912E 
3.5324E 
3.8786C 
4.1571E 
4.4666E 
4.7153E 
4.8d91£ 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 

MACH 

0.027 
0.0 39 
0.048 
0.056 
0.062 
0.069 
0.075 
0.080 
0.035 
0.090 

g. c+ 
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