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SUMMARY

This paper presents computer, programs and resulting
tabulations of pipe line length to diameter ratios as a function
of mach number and pressure ratios for compressible flow. Also
presented are equations for the determination of weight
flow.

Computer programs were developed utilizing the solutions
of equations for isothermal flow with friction, and adiabatic
flow with friction.

The prograﬁs, tabulations, and weight flow equations are
applicable for air, nitrogen, oxygen and hydrogen.

The tabulations presented cover a wider range of Mach
numbers for choked, adiabatic flow than available from
commonly used engineering literatures. Additional
information presented, but which is not available from this
literature is (a) unchoked, adiabatic flow over a wide range
of Mach numbers and (b) choked and unchoked isothermal flow
for a wide range of Mach numbers.



DESCRIPTION

The computer programs were developed utilizing the solutions
to equations for isothermal flow with friction and adiabatic
flow with friction. The first program produced the tabulation
for length to diameter ratios as a function of Mach number
and pressure ratiog for compressible isothermal flow with friction.
The second program produced the tabulation for length to diameter
ratios as a function of Mach number and pressure ratios for
compressible adiabatic flow with friction. The tabulations are
applicable to air, nitrogen, oxygen and hydrogen.

Equations were also developed for the determination of
weight flows. ‘ /
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NOTATION - SYMBOLS AND DEFINITIONS

creoss-sectional area, square inches

pipe inside diameter, inches

Fanning friction factor,'dimensionless

ratio of gas specific heats, dimensionless

length of pipe, feet

Mach number at pipe entrance dimensionless

static pressure at pipe entrance, pounds per équare inch
weight flow, pounds per second

static pressure at pipe exit, pounds per square inch

limiting pressure for choked condition at end of
pipe, pounds per square inch

gas constant, foot-pounds (force) per pound (mass)
per degree Rankine

stream temperature at pipe exit, degrees Rankine
stream temperature at pipe entrance, degrees Rankine
specific volume at pipe entrance, cubic feet per pound

specific volume at pipe exit, cubic feet per pound



INTRODUCTION

Isothermal flow with friction is of particular interest
in connection with pipe lines transporting gases over long
distances. Although the Mach numbers for such flows are
usually quite low, there are substantial changes in pressure
owing to the great lengths over which friction acts.

The material presented in this paper is limited to flows-
in which wall friction is the chief factor bringing about
changes in fluid properties. It is assumed that no special
attempt is made to transfer heat to or from the gas streanmn.
When pipe lines are extremely short, the flow is approximately
adiabatic. When the pipe lines are extremely long,
there is sufficient area for heat transfer to make the flow
nonadiabatic and approximately isothermal. The analysis
performed in this paper is based on both cases.

For a given value of inlet Mach number, there is a
maximum length for continucus isothermal or adiabatic flow
(assuming the Mach number at the pipe exit equals unity).

It is assumed that the back pressure to which the pipe
exhausts is maintained as low as necessary, so that any
diminishing of the flow is due exclusively to the limiting
effects produced by friction. For subsonic flow an increase °
in the pipe length above its maximum value will act to decrease
the inlet Mach number until a steady-state solution again becomes
possible with the Mach number at the pipe exit egual to unity.
This results in a reduction in flow rate, i.e., the flow
is "choked" by friction.

ANALYSTS

The equation (ref 1) for compre581ble flow pressure drop
for isothermal flow with friction is:

2
2 (1)

where: K = 1.4 for air, nitrogen, oxygen, and
hydrogen

f = 0.005



Equation (1) can be simplified to:

2
P P
L = 2,976 2 -1 (2)
5 _._._....2._. l ..(.P_...) ~-8.32 loge(—P-;-)

The equation (ref. 2} for length to diameter ratio
for compressible adiabatic flow with friction is:

2 2
L= 1 2 + (K-1) M 1 - Zl
D (B (12)f QKMi v,

2
- [k + 1) Ty Y2
2k oge vy

where: k = 1.4 for air, nitrogen, oxygen and
hydrogen

f = 0.005

Equation (3) can be simplified to:

2 2
- 1+ 0.2 M v
L= 5976 -2 ) VX
. - .20 logef——
D M2 2 ) (vl (u)
1
where: Eg = zi Eg (5)
. A2 /\ %

2
and from ref. 2: ;g -1 - (k-l) M12 ,X% -1 - (8)
L 2 V1

For K = 1.4, equation (6) can be simplified:

e [ 0]

For the limiting conditions at the pipe exit (Mach
number equals unity), the pressure ratio can be written
(ref. 1) for isothermal combressible flow with friction:

lﬂ H
N



P =
()< )

For the limiting conditions at the pipe exit
(Mach number equals unity), the pressure ratio can he
written (ref. 1) for adiabatic compressible flow with
friction:

1/2

|-
1l

M

1 (9)

WEIGHT FLOW EQUATIONS

Listed below are the equations which may be used in
conjunction with the tabulations for computation of gas
weight flow:

W = 0'722P1D2Ml FOR AIR (10)
vV Ii
W= 0-709 PIDMy  pop wrreocEn (11)
-V 1
.0.758 P_DM
W = 1P M For oxveEN (12)
VI
0.189 P.D2M
W = 1P M For HYDROGEN (13)

"’é]

The computer programs used in generating the
tabulations of pipe line length to diameter ratios as a
function of Mach number and pressure ratios for
compressible flow are presented on the following pages.

The first program is for isothermal flow with
friction. The second program is for adiabatic flow with
friction. The programs and tabulations are valid for air,
nitrogen, oxygen and hydrogen.
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el T PROGRAM FLOW{INPUT,0UTPUT,TAPE1=INPUT,TAPE2=0UTPUT} ™~ oo T T
T oog03 "REAL K T - B Tt T T T
000003 " REAL MA(100) N - N T
TTB00003 T TUNAMELIST/NPUT /MA, Ky Fy NVALUE ) o T -
000003 10 FORMATIF1045,F1045,13) ' Tttt
000003 20 FORMAT(6X1F8.59TXsFl0 o4y TXyF15.9,10Xy F15.9) B K
000003 21 FORMATIIHO// /% MACH NUMBER pa/spl” 7 TTTTTTTTIT 2T
o1 L/D (FEET/INCHES) *;35X,%PAGE*,159/ 45Xy
T o LI ksmkioki kot p 19X g SHARKRR 315X GHERINR § 12X o ] THARR koo ko dok ok ™) )
000003 25  FORMAT{1Hl,* END OF J 0O B %) o
20000037 726 FORMAT{1IH1, #K WSED IN THESE CALCULAT IONS WAS %, F10,5, % "7~ ""F -
. SUSED IN THESE CALCULATIONS WAS *,F10.5) ~7 77°77° ST T
C PROGRAM WRITTEN FOR GRAYSON DIXON T T TUBYTCLGRAY
- Sl } .. . B}
C.77" PROGRAM INPUT K AND F ) R o e -
C PROGR AM DUTPUT _MACH ND.,T2/T1,P2/P1,L/0 " INTTABLE FORM
C _ AN A o —-
T 0000037 T TTITCONT INUE TTTTT T TTITT s T mmeem e e e e — I
TTTTTTCO0093TTT T IPAGE=D T T T TN s e s e e - :
TTTTTO00004 T TTREAD(1,NPUT) TTT -
CQ0007 IF(EQOF,1)” 700,1007 "~
TTTTTTT000012 T TTTID0 T CONT INUE T ' ” T
000012 TTWRITE{(2 ,NPUT) T T T - - -
e AL e e e e -
¢ e - -
¢ — -
c e e e e — —_—
r e e s
C — - - -
c _ e - — —
¢ . —
e —— -
¢ - e e — ——
c —_— e e - e
c - S, e
0I0015 DO 200 M=l ,96 ™= 7 7 TTTTTr m e el o o e e e =
000017 AMACH=M A(M) Tt T T e e T -
00020 TP STAR=AMACH® %2~ %° SQRT((K-T"'TIIKHT}*(I_*-Z"/ CIK=13 VRAMACT H#% 21
—000034& C={K-1.}/2. *AMACH*AMACH amm— s e -
0020407 ~psly T - - .
0000471 ICOUNT=Q = ===~ - - fome - - —--
000042 IPAGE=IPAGE+T" e — - —_ T -
} ' T i - ) ""o: _




000053 T e e e IO
¢ et e e o e e e e -
— C - s s - e . .- - — - — e —— A I A . e m——— - -
C - a ammasems wew - - . e - d "
e - — el
- ¢ - " T TSETTING UP INNER LODP  TOTVARY P27PI T T
€ " C T T ' FROM 1. TO P2%/PL X
C R 7T BY INCREMENTS OF . OF -
S - . e — e
e C —— e e e e e
To00081 T T 7 DO 300 4=1,200 ) ot T
000063 IF{P.UE.PSTAR )P=PSTAR ,
600066 VEL-P+ SQRT(PH 4244, % (CHLLI¥CHI/(2.3C) 77 ]
C "
000100 7T T=pRY _ - T
- — - _
000103 L= ( {120+ {K-1 . ) KAMACHAAMACH/ (2. SAMACHAANACH )} %( 12157 (VAV) ) 4 127K -
- 2 N={K+1.) /12, *KI#ALOG VAV I /L12.%F) e
000135 T IF{P.EQ.PSTAR}GOTD325 T -
000137 T TWRITE(2420) AMACH,P3T,0L _
000153~~~ p=p-,01 " - i
7000158 T IICOUNT=ICOUNT L T 1 T T T T T T
p— TT000156 T WFA ICOUNT.LT .40} 6D TO '300 T T
=) 003161 IPAGE=1 PAGE+1 ' T e
- E*"‘“ooou:z TTTTTUWRITE(2426) Ky F T o o e e
W AE00178 T WRITE(2,21) IPAGET T T T "
= E““‘boo 1777"TUICOUNT=O T Qe -
5 B TT000200° 300 CONTINUE" T T T T e e -
0002027 " G0TO200 T T vm e e e
d#"—coozos‘—_‘ms WRITE{2 2T JAMACH PoToDL "~ 7 ~777 ' o o
000217 27 FORMAT( 6X yFBo 54 TXyF 104 %9 TXsF1579710X s F15, 935X +# MAX L/D™<"CHOKED FE
Eé T0W CONDITION AT EXTT%) ™
c LT St S, S
c e
C — T .
- — e
c e e
C
c — A
C T
c N e
000ZLT " """200 TONTINUE

e —m e b e - .-
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TPROGRAN 1SUTH{TNPUT; BUTAUTTAPES=1.NPUT ; TAPEGSCUTPUT

o _ISOTHERMAL COMPRESSIELE FLOW_OF GAS WITH_FRICTIGN IN A PIPE :

] ¢ TL/D = 1.0/(48, OFFEKEMERZ)E()00 = (P2/PLIE¥2) = 2.0/(48.0 # FI* LOGE{PL/B2) —

<X c PL/PL = PISURT. OF KJ R

= [ F = 0005 (FANNING FRICTION FACTORY ___ __ __ ~ 7 -

g c K= la4 e e _
: c U = PIPE DIA. {INCHES) __ - . e ,
| g c L = PIPE LENGTH (FEET) — — . ~ e — .

v C PL'= STATIC PRESSURE AT PIPE ENTRANGE (pS141 ~ —~ ~—— ™™ ™ ™ X
6 K P2 = STATIC PRLSSURE AT PIPE OUTLET (PSLA) i

Y X TTTPL= LIMITING P FOR CHOKED CONDITION AT_PIPE OUTLET. (PSTA) . —_ !
. € % = MACH NO. AT PIPE ENTRANCE e ,
& C.__- Ti = GAS TEMPERATURE AT PIPE ENTRANCE _(DEGREES R) '~ 7'~ —_ !
ft c L/D = XX L e :
¢ oo _letiye2) = 24 e T
. o c CMULI=l.4 #%,5 = x(])
! 000003 "7 " " CIMENSION M{100),Y(100) 711007y X( 180 READIFY T
. GCOOC3 " T FEAL M o o o
F' 800003 T T TNAMELIST FNPUT/NMG M NY,Y T T T T o
. ¢cooca FEAD(S,tu3)HEAD_~ ~ ~—"TTT UM C T o . - '
: 000011 _READL5,NPUT) !
. boool4 WRITELS,NPUT) o :
' T oowely TT TPRINT 1J34HEAD . .
P 000025° 7 7103 FCRMAT(LX,TALY)_ T : . . :
' TTTTo00025 T O Moo t=l.NM T . . : :
- " 00v027 -, PRINT 102 e — :
i 000032 TXULY = M{T) ow 1UBERTE S :
' QOU0ZTY B0 101 J=1,NY : i
. 000041 Lt laasvedy’ e — i
i 000043 e JECYLIILLEX( 1) 6D e T8 i . : ;
: 0C0C4s XX = 2,9Tc/M(I)%x2 "¢ (1.0 = Y(JT»®2) ~6,33 % ALOGIZLI)] i i
i 0000e0 " "7 PRINT 105y M{I), Y(J), xx,"u')‘—______ o - =
i GOOGT3 101 CONTINUE R _— )
i 000076 eoTtolog T i
i Go0076 75 4 = X(1} . !
i 060160 B =" 1.0/ 7 _ T ’ i
i D00l CL TAX= Z.9T6/MUITERE ¥ (1.0 = A®N2] ~ B.33 ¥ ALOGIR) - '
| 000113 PRINT 1064 MUE) oA X —
! 000124 100 CONTINUE T _
| 00012777 7106 FORMATI6X F623Y _;@‘:5_3‘,3?751“‘. P S FMAX . TL7E = CHOKEDT FCUW CONDIT

LTIONS &7 EXIT¥) o -

l. 000127 105 FORMAT(0XF6.398X4F572,4K7E1203 %X, EL2.3) i i
i - ——— h - T -
t
| e . N Mt ot o o o e et i rn St et eeme e e e e e
1 ; T mmen Smemmomm e T Toon nmTT et oo -
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Sample tabulations generated by the computer
programs are presented on the following pages.
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PN

—— P2/PL L AAD_ L MRle4RE.E P —
.010 —1.00 o 1o 183E-02
: 010 .99 5.621E+02 [ 183E-02
<010 .98 7 La178E+037 ™ 1, 183E~02 o -
. 2010 RS - U T 11 < l.183E-02
. SO0 TTTTTTTL96 T T T24333E403° Lel83E~02
W00 T 95 T TR 90164037 T L 183602 T o
“.0L0 T .94 T T 3,464E¢037 1.183E-02
.010 .93 4.020E+03 TL.183g-0277
.010 T2 T4, 57084037 T1l.182E-027
Wiy T .l TTTT 5.11564037 7 TT1.183E-02
L0307 T 90 T 5.654E403 _ R.l83E-g2 T 77 -
Y21 B [ S T 6WLBEE+O3 T LL1B3E~02 _
- LO0L0° T T W88 77T 6.T7138#03 T ' 1.183E-02
2010 .87 7.232E+03 1.183£-02
«uly - 86 1.74BE+037 L.183E-02
e0L07 T L85 T T BLESTEF03 ____ l.1B3s-02 T T
LU T g4l T T B.T60ES03 T 1. 183E-02 -
Y 3 1 T .83 9.Z5TE¢03 " 1.183E-02
«ulo o827 5, T48E4Y3 1.183E-02
2010 .81 1.023E+04° Tl.183E-02
—.ulg L8077 Cl.oTiE+4 T 1.183E-027
TW0l0 T T LT T Ll ARV 06T 1, 143E-02
.010 .18 l.165E+04 1.183E=-02 g .
20l XN LZLlEwvRs "7 1.143E-02 ~
LT T L.257E406 T 1.183E-02 o
L eTB T 1.302E404 T 1.183E-02 -
T4 "1.346E+04 1.183€-02
.73 1.3508404  1,183E-02
oT2 7 T 1.433E¢04 7 " 1.183E~02 -
S S S VS5 £ 3-1X TS 1.183E~02
2T T, 517E4 04 ~"1.183E-02
69 [.55GE+04 " 1.183E-02
.68 Tl.40CS+047 T LL1B3E-02
TTeeT T l.0%0C%04 _  1.183E-02 ~
a6 1.bTSE404 1.183E~02
IRY-3- SN T 4 T2 1 T, ~ 1.183E-02
W64 L. 157E+04 1.183E-02
. .63 1.7S4E+04 1.182E=-02
T W62 T 1.B328+04 Le183E-02 .
61777 1.866E+04 __  1.183E-02" _
T W60 T 1.904Ew04 T TTa.l83g-02 T T TR TTTTeemT
_ 59 T l.54CE+04 " l.}83E-02 _~ T — T 7.t o T T '—'
«58 T "1.9T4E404 l.183€-0z T )
.57 2.0056406 T 7 |.133E-02
.56 2.0423+04 1.1826-02 N . ;
#5357 2.0T5E+ys T T 1.1B3E-Q2 T T T T T e e T e
N Phder e - Rwre v WD D d Y D, —— . - e — —_— T

b

T-91

91



« ULy Cir= b ¥ LT oCTTYUT T Trn
i .010 .53 2-L40E+04 1.183E=02
] 2010 .52 2.1718+04_ 1.183€-02
I L0140 .51, 2.201E+04 1.1836-02
2010 . 50 _ _ 242318404 ______ 1.183E-02 —_— \
.0l10 49 _ 2.261E404 1. 183E-02 !
LU0 ___. . «4B __ __  Z.250%+04 1.183E-02
e L, #0100 T T waT T T 20B1BER04 ] T led83E-02 L T : ‘
010, T Whb T 2.346E+04 1 183E-02 t
_s0l0] o e45 __ __ _2.373E+04_ _1.183E=02 i
" <010 o eht T TTR2U399E+04_____ 1.183E-02 _ e i
010 .43 2,4256+04 1.183E-02 _ !
20107 LY T2.450E404 1.1836-02
. «010 o4l T2.4TBEFO4____1.183E~02
! T.010 W40 T T 2.455E+04 " 1.183E-02 e .
- 201y L=39 o 2.523B+04___ _1.183E-02 ] —
# L010° .38 L2e545E404 " 1,183E-02 —_
- 4010 "e37 T 2.56BE434 __ 1.1836-02 .
.010, W36 2.5895404 1.183E-02 i
B o0 T35 T 2.611E+04___ 1.183E-02 e e o
0 .0lu  .e3% T 2.031E+04_ 1.183E-02  __ — '
. «010_. <33 2.651E+04_ _  1.183E-02 .
a_on o WdMO 7 W32 2.6TOEr04___ _ 1.183E-02 .
- +010 .31 2.6B%€+04 ____1,183E-02 i
M VTV .30 2.70TE+04 ____ 1.183E-02_ .
= W0 .29 2.725E404 __ 1.1B3E-02 . . - - !
+010 228 __ _ 2.742€+#04____ 1.183E-02 .
POLO 2T 2.758E+04 __ __ 1.1836-02  _ __ . —
eI 26 T 2007448 Thal3E-02 T T o .
W0l .25 7 7T 2.18sEe0dh T Tl.ld3E-02 T T T T I .
T -010 .24 2.BUBE+0e | T 1.1836-02 g
Y01 «237 T T2.81ME¢04 T L.183E-02
. $010  TTTTTT W22 T TTT 2.83lE+04 T T1.183E-02 T - .
«J10 w2l T 2.843E404 . "1.183E-02 _
: 010 .20 T 77T 2.856E+04 T 1.183E-02 .
: «UL .19 2.807E404 _ 1.183E-02
»010° .18 “2.878E+04 ~1.183E-02
U LT 2.889E+04. _l.183€-02 .
.010 «l6 2.850E+04 1. 1838-02
f _ _.ola L el5 T T2.90TE+04 T 1L183E-02
. 010 T T 14T C2.Y91LE+04 1.183E-02
-010 21377 T2.924FE+U4 l.183E-02
! 010 el2 2.531E+ D4 1.183E-02
: .01 .11 _2.93BE+04 —i.1838~02
W0l T 2.544E+04 l.183E-027 T — ; . _
0Ll 77T 09 T 2.55UE+u4 L. 1838-02 _
{ - U1y .. *UB 7777 2,9558404 T 1.133E-02 -
i _SRLOTTTTTTTT T 07 T T 2.95GEe04 _lawe3g-02 T - .
Lol T w06 2.463E+04 T1.183E-02 i
b w010 T T 05T TEL966E404 T 1. 183E-02° -
(R L T 2.508E+04 " l.183E-02 ~ _ T TTTTTTT Tt mmeememT
At b, =% A_RTLE O l.1l33iE=02

¢-91
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M pP2sPL L /0 M%) 4%k, 5
L 020 1,00 0. _ 2. 366E-02
; <020 »99 1 .480E+02_ 2.366E-02
e eN20_ T8 2.94BF¢02 2.366E=02 . . . —
L0020 T T 8T T T4.3G5E+02 _2.2656E-02
o «020 T T C.se’ T T U5 u3Qeed2  2.366E-02 .
«020 W95 T 7.250E+02____  2,368E-02 _
. 020 w94 T 8.655E+02 ____  2.366E-02 -
. L020 .83 T L 005E+03 " 2.366E-02
2020 e T T TL.142E403 . 2.3&5E=02
.02v 291 T T T1.2788+03 T 7 2,346E-02 _ .
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{ « 200 BB T 1.5258+01 __2.366E-Cl __ _
| , =200 -84 2.045E¢01 2.366E-01
-20u T.B3 T T 2,156E+01T T T2, 366E-01 :
. 209 L8277 T 2.272B+0L_ 2.366E~01 _ ] i
+209° .81 24343801 . 2.366E~01 ’
~200 T eBET T a.493E#01T___ 2.36bE-C) —
i + 200 <79 2.60uE+0] 2.366E-01 ,
| “200 =78 2.707E+01_ 2.2668-01" }
i +200 T .17 —2.81LErOL 24366501 1
- 200 T6 . 2.914E#01 2. 366E=0L ot
»20u =75 3.015E+0)° 2. 566E=01
: - 200 _eTaT 3.115E+01 2+366E-01
' <200 T T3 T T 3LZ2M3EC0l U 2.366E~0L i
: .200 72 3.309E+01 2.306E-01 .
=200 LTl 3.404E+01 2. 266E-01 ]
220y PED] 3.49TEHOL T 2.366E~01 ]
200 .59 3.585E+01 2. 166E-01 i,
2200 Y 3.6TOE+01 24366E-01 1
; 200 6T 3.T6TE+0] 2.366E-01 T J
T 00 «66 3.853E+QL _ 2.366E-01 _ .
] - 200 w65 J3.9385+0) T 24366801 " i
! s209 T Ti64 T AL0ZIEFOL T T T 24366E~WLT .
i 204 -63 4.102F+01 2,366E-01 :
L2000 ~&2 4eL8R2Ev0OLl_  2.366E-01
1 w2007 T T T8l T T T a4.260E0E T 2.366E-01 T
o200 .60 4.336E¢01 _ 2.366E-01
' S 209 59 T 4u4llEBeQ) T 2.3esE-0)} _ o — o T
=200, .58 44483EFQL T 2.366E-Q) ____ " TTTTTTTTTRITTTRT
2209 #57 4.554E+01 2+ 366E=01
i <200 <56 4 G2AEF 01T T 2036600
=200 T e85 T 4.09lE+Q1l T (2+366E-Q1
l <200 -54 4. 7578491 2.366E-01
=n 4023 Sand 2.38488=01

62-91



& ¢ JDOETUT

4 «BZLEFUT
. 4.884E+01

5.055E+0%.

5.219E+01

- S.114E+¢0L__ 2.366E-01
. 5.lbBE+DL

2+366E~01

s 49448401 2.366E-01____
e o _5eQUBEHOL___ 2.364E~01

24 266E-0L

2+ 366E=Q1

———— =tk

i
T a200 TT w45 B,288E+0L " 2,366E-01 _
i +200_ 44 C5e316E40L ___ 2.386E-01
! . 200 $43 . S5.3861%+ul T 2.366E-0L __
: .200 .42 5.405€+01 2.366E-0L
i .200 -4l S.44TEF0L o 24366E-01 o —
-200 «&40 5.486E+01 _. 2.266E-01 e
: 2200 #3%, ____5.524E+0l [ __ . 2.366(-01 ]
T .200 e *38 ___ ___ 5.56Q0E+01 _ _ 2432&6E-01 N
“2U0 .37 __5.593E+0Ll ____ 2.366E-01 — R
: .200 .36 S.025E+0] 2.366E-01
Lo Te200_ _ _T.3s . .5.654E+0L . 2e366E-QL
L L2009, 234 5.681l5+01 __ 2.366E8-01 .
: <200 <33 5.T0eE+0l _____ 2.366E-01 _ —
: - .200 w3207 T 5.728E+01 T T 2.386E-01
i 2200 $317 TS5 T4GED) T T 2,366E=01
{ -200 C230 B5.76TE+OL_ _ 2.366E~0]
; 200 .25 5.783E+0L_ 2. 366E-01 -____ - .
; .20y 228 5.796E+01_ T 2.366E-01 __ .
. «200 . «2T ___  5.3C7E+0l . 2.366E-01
! «200 «26 .. 5.815E+01 2.366E~0]
: T.200° .25 T s.B20E+01 T T 2.366E-01 - . .
: 200 <24 5.823E+0L 2.366E~01 :
. .209 2.366E-01 5.823E+QL — MAX. L/D - CHOKEC-FLOW CONDITIONS AY EXIT _
1 —am & A i e mman m—— e - m—
T : T -

0e-9T



COMPRESSIBLE ADIABATIC FLOW WITH FRICTION

SAMPLE TABULATTION

PRECEDING PAGE BLANK NOT FILMED],

17



202000

i ACH NUMBER P2/ Pl TZ/11 17D (FEET/INCHES) YT
g LT T Wl RN I I T LT
LT TTLo1000 - 0000 1, 000000000 =, 000003257 :
p +01000 <5900 299999595584 592, 178271242
' 01800 . 9800 < 999995175 178.403555352
i < 01000 <9700 2959998744 1758, 675834652
i <01ua0 . 5600 559998299 2332,9950933928
; L UL000 29508 < 999997839 _ 2901,3561313004
s01000 » 3400 4 9999973E5 3463774480508 _ .
+01000 + 9300 . 999956876 4020,234577487
+01000 . 93200 . 999996371 4570, 741586013
. 01000 9100 + 9999958486 5115.255491121
: » 01030 - 9390 < 999995309 5653,896269362
i +0L000 . 8300 < 999964751 6186.543907443
! L01050 - 8800 £ 999994174 —6713,23a378450
5010730 - 8700 999993577 T7233,979664897
: 01000 . 8600 . 999992955 148, T67T4 9606
i +01000 « 8500 2999992319 8257,602605334
- » 01000 « 8400 8999915655 _B760.4534208954
i + 0L 000 . 8300 - 999990969 9257.412538057
! 501000 « 8200 . 999990256 9746.387569198
' 201000 = B100 .99993;51} 10233, 409277675
- »01000 - BOOD . 99998875 10712, 477635357
" Lo1000 <7908 < 999967955 11185.592615358
> 01U00 <7800 = 999937128 11652,754186557
<01000 « 7700 959936268 121123,962324417
! = 01000 » 7600 . 999935375 12569.216996919
201000 = 7500 + 999984445 13018.518169119
.0L000 . 14030 + 999963474 15461, 8653808984
‘ » 01000 « 7300 1995982471 13899,259862564%
= = 0L 00D 1200 . 9599413721 14330.700356616
. 01000 . 7100 . 9999403237 14756.,187190348
=) +01000 « 7020 - 999979185 15175,720345965
$§T?3 =01000 < 6900 < 999977994 15589,299760151
llu P 01000 . 6800 LG99976749 15996.925454108
5? L01000 6700 . 999975449 16398,597320565
5 201090 16600 589575089 {6794.315334429
gf L +01002 . 6500 + 999972665 17184.079446842
O "~ .01000 < 6400 L 999971175 17567.889607647
g? 01030 _° +6300 + 999969613 17945. 745762334
_.01000 » 6208 2999967974 18317, 647855618
~.or00d L6100 £ 999966255 18683,595830420

. ———

81 .

‘[..

8l



[

F _USED IN THESE CALCULATIONS WAS

]

(K USED IN THESE CALCULATIONS WAS 1.40000 . 02000
]

MACH NUMBER P2iPL T2/T1 L/D TFEET/ INCHES) PAGE 2
D kR e (31t TIIT] R R AR RN RN .
! 01000 . 6000 « 999964440 15043,8569622872

. .01000 <5500 « 999962550 19357.6291 70053
- ~0L060 « 5800 « 999960552 19745, 114404256
i L0000 <5700 + 999958448 20067, 845753321
S <01070 5600 < 999958530 20524,021542981
; L0L0o0a 5500 . 999953890 2075%.24349308%
{ .01000 < 5400 © 999951420 21078.%51072064%
01000 <5300 - 999948808 21396, 823237810
i 0L 0UQ . 5200 . 99 9Y55043 21709.18095129%
‘ =01000 .5100 .59994331% 22015583761 6335
L0000 . 5000 . 999940010 22315.031564658
010007 . 4900 - 9999367102 22610.524249454
01000 L4800 999533206 22899, . 061698282
201009 - 4700 . 999929474 _23181.643786457
, L01000 4600 « 999925406 23458.210380186
e LOLDDG L 4500 L 999921250 T23738.941337691
1 -01000 < 4400 < 9999167LF 23993.656507102
= <01000 - 4300 1999911852 24262.41572694%
; 01000 < 4200 « 999406642 24505, 21882321%
| 01000 < &L00 2999901047 24152,0656103%7
T W0Le00 « 4000 L 9855950287 T 24992.955888549
N w01004 . 3900 . 999488537 _25227.889442574
F 201030 - 3500 L999HBISZS 254546, 866040895
LOL00G 3700 999873945 £25679.8B5433713
01000 <3600 9998657207 25B96.947350022
L0100 % 3500 2999856787 26108,0514963860
0L09G . 3400 299984704 26313.197553748
5 01000 - 3300 L 999BIGL05T T 26512.385174460
<01 000 « 3200 - 999824758 '_““"_2?;705 61397912%
[T .01030 . 3100 29998119627 . 26892.8083551787
L0100¢ 23020 . 999797868 27074,193436007
—‘ =01 000 . 2900 - 999782291 27249,543128827 .
201000 L2800 . 399765018 274168.932074628 )
TL0L000 « 2700 < 999745791 275682.359657012
2 L01006 . 2400 . 9997125305 277397025190065
“.01020¢ . 2500 - 999700192 T2T891.327907421
T 01000 . 2400 + 999673005 28036, 8669486892
{—__".oiovo « 2300 « 9996421997 2B176.441344921
L 01000 «2200 . 999607102 28310.049996922
.01020 . 2100 v 999566878 28437.691653471

P ¥

Lt el

2=81



| -
| K_USED IN THESE GCALCULATIONS WAS 1.40000 E_USED IN THESE CAtCULATIONS WAS » 02000

T __AACH NUWBER $27p1 Y2711 /D _(FEET/INCHES ) PAGE 3
TR ek EEAKR I SRRE T RAAAR KRG #
. LG1000 2000 - 999520479 28559.364880588 :
| 01000 <1900 49994665 T4 28675.06802442L
—____.01000 41800 . 999403452 20784, 799163961
i <01 070 41720 . 999326887 28888,556050281
a $010807 ~ 1500 < 999239937 28986.336027496
TT.o1030 L1500 +999132652 29078.135928420_
i —7.01000 11400 + 9990016248 29163.951934600_ .
01920 . 1300 . .99883931% 29243, 779284943
01000 1200 . 998634900 29317.612508771
01600 L1100 9983724083 29385,444064282
. 0L0uD 1000 998027881 29447.264678310_
T .o1000 . 0900 L 997562885 29503,062196833_
.01000 . 0800 .9969L4256 29552.820047617
.01000 L0700 + 995971189 29596.515637837
01000 L0600 . 994525110 29634.115503150
01000 L0500 . 992145183 29665,569176942
. 01050 L0400 L 987822582 296904 794234100
01000 +.0300 .976732930 29709. 643719956
. 01020 .0290 2954459408 29721.821946341
01039 + 0100 - B854116873 29726.652502893
~.01000 <0991 . 833350000 . 29726,585575660

1_'1___

MAX L/0 ~ CHOKED FLOW CONDITION AY EXIY

I'TT

e e % ammrr ——eeE———aa e

iy rr——— b ———

e e i Ay Sl e —tin il =

8j8[



T TP TR I B R
3 A v T e chy

LT e

t X _USEDQ [N THESE CALCULATIONS WA 40000  F USED IN THESE CALCULAYIONS WAS 202000

F T MACH NUMBER Pe7PL Te/ 11 L70 {FEET/INGHES) PAGE &
E BT T rT YT ik Wt e v P2 LTI T T 2
i 02000 1-U000 1. 004040000 . 009060098
i L 02000 = 9500 . 9979998376 167981856353
) 202037 - 9800 + 594996702 254.4 75007738
02000 - 9700 . 699994976 439, 419440033
02030 . 9600 < 999993196 582.995137301
o < 02000 - 9500 - 995991359 T26.023063355
. —_.02020 29400 . 999989453 B55. 560252467
5 +02000 = 9300 - 9%9987506 1004,605657367
; . 02900 - 9200 . 599985485 1i52.170250875
. 02000 . 9100 999984397 Taru 242024619
; » 02007 - 9000 . 399981239 T412,8254596%3
M =02000 - 8900 . 999979007 1545,91503 7740
" 020300 J8BU0 . 999976699 1677,57423821%
. L 02000 8700 2999974311 1807, 640540649
T .02000 - 8800 « 999971429 1946, 267923713
! 202000 - 8500 ©999969280 2063406355628
; « 02000 . 85500 L 999956624 2159.0556%3152
P L 02090 . 8300 L 995053881 2313.216332 787
! 02000 L8200 - 999961042 2435, 887610286
02030 8100 . 339958078 2557.070249923
o «02000 - 800G + 994955011 26764763625537
T .02000 = 1900 c999951828 2794.967909588
020600 . 1800 « 999948521 2911,683073828
L .02000 - 1700 + 999945085 3026.909088769
: . 02000 - T600 .999941512__" 3140.645923651
102050 = 7500 L 999937795 3252,693545058
« 02000 - 1400 « 999933927 T 3353.65192483%
. . 02000 - 1300 L 999929899 T 3472.921023579
! 02000 - T200 99992570 A580.70080673%
[————02000 ~ 1100 $9999212326 . 36B6.991237330
L 020u0 - 1000 » 9999147T8Z 3791, 792275951
02000 6900 2999911998 3695.103882012
. 02000 - 5800 <999907023  3996.9260130869
202000 =6700 .999931az§ %097.258624 T4%
: . 02209 - 6800 . 99589638 %196.101670755
—— 02000 <5500 < 599890693 4293.455102493
02000 » 6400 . 999834733 4389.31886936Y
02000 - 6300 999878487 Th4B3,692918127
=02000 - 6200 999871927 4576.577193165
B ~.02000 . 65100 L 9599865062 T 4657.9716360807

¥-81



-

LK _USED IN THESE CALCULATIONS WAS 1+ 40000 £ _USED TN THESE CALCULATIONS WAS 202000
{
L f
" MACH NUWMBER P2/P] T2/T1 L./0_(FEET/INCHES) PAGE
##t*##*t#t* RESRR . RkNE tt****##*t*ttt*l*
{ «02b00 L6300 . 39985 TH4AL 4757.8146185613
i 202000 . 5900 - 999850250 " 4846,290777388
] » 02000 . 5800 . 999842263 T 4933.215343819
e . 02000 . 5700 . 999833852  5015.649813677 j
' —__«02000 <5600 . 999824987 5102.594112048
. 02006 «5500 « 999815635 5185.068159936 _
' . 02000 . 54u0 . 999805758 5266.01187400%_
.02000 5300 . 9997953148 5345,485166249
. 02000 . 5200 - 995784210 5423.467943736
202000 . 5100 2999772566 5499.960108005
202000 . 5000 L994760153__  5ET74,961554826_
] . 02000 . 4900 « 999746974 56h8.472173716
— _+02000 L4800 . 999732943 _5720.491847221
. 02000 L4700 « 999718049 5791.020450657
< 02000 <4600 .+ 399702153 5860, 057851251
«02000°7 T 4500 . 999685187 5921.603907479
. 02000 « 4400 < 999667052 5993, 658468356
) +02000 <4300 « 299647639 6058,221372480
! +02000 . 4200 . 999626824 T 6121.292447111
+02000 . 4100 » 999604469 ~_56182,871507087
: 02000 4300 = 599580419, T 5242.958353553
' 02000 . 3300 « 999554499  6301.552772623
+020600 . 3800 - 999526508 6350.654533824
: .02030 . 3700 2+ 999436220 “6414.263388321
: 02090 + 3600 .9'99463378 6668 379066918
o2 .02000 > 3500 2999427685 $521.00127779
et < 02004 <3400 . 999356604 5572.129703898
G «02000 .3300 . 99932634 6621, 763999916
8:2:.’02030 . 3200 - 999299844 6669.5303188880
=02000 . 3500 . 999248745 6716.548658130
o, + 02030 3000 . 999192546 6761, 698154695
ol +02000 . 2300 + 999130405 6805.351779677
i 202034 2800 . 399061506 £847,508582883
(BT l0200) L2700 . 99896848233 $888.169153330
. 02000 . 2600 5998899173 6527.331612357
«0zZoeo <2500 - 9988030462 5964.995601599
! +02000 2408 - 998694734 7001.160272438
+02000 <2300 998572029 T035.824666596
B «02090 . 2200 . 998432246 7068.987701339
) +02000 2100 . 998272204 Ti00.646144420

e ¥ ra—

Lo s

G-8T



-

FraLins”

NTOIED

r ) - EERELN R AT e - :‘15(“"-'“:"\---*-'&“! :\ RN L aatty
nguseo IN THESE CALCULATIDNS WAS 1.40000 F _USED IN THESE CALCULATIONS WAS +02000
t
- - .
! MACH NUMBER P2/P1 T2/11 L/D _(FEEJ/INCHES) PAGE 6
Ll dae Bt b T L3111 Lk Ao e o e o e o o ok
o +02002 - 2000 . 998087642 7130, 804585902 ' .
= .02000 » 1500 . 997873349 7159,455402435 :
. +02030 . 1800 . 997622591 7186.598712121
o » 02000 1700 . 597326615 7212.2373168863
= £02000 s L6000 L 5395973885 T2356-35362779%
e .02003 « 1500 . 996548943 7258.959567538
' .02000 - 1400 < 596030705 7280,0454401%5 .
2020007 <1300 - 555389818 7299,60975512%
402000 1200 + 994544555 7317.6843904928
i +02000 L1100 . 393553399 T334, 142223684
i) 202000 = L0uD £992204246 73492095695 718
LT . 02000 . 0500 4990392325 7362.493028634
= 202000 . 0800 - 987881136 13714.,319i47854
[ .02000 .0T00 . 584263278 T3B%. 553533882
. < 02000 . 0600 . 978790429 7393167387911
] -02000 - 0500 +969972883 7200, 1188471233
i . 02000 . 0400 . 954525180 7405, 344732022
+02000 R JG24162160° T40B.T46T4382%
202020 - 0200 LB54161584 7410, 174791207 .
T .02000 - 0183 . 333450000 7410.20784)247 MAX C/D — CHOKED FLOW CONDITION AT EXIT

9-81



EK_USED_IN_IHESE_SALCﬂLAIlﬂMi_HAS____L.&ﬂQQQ____gH__iLJHﬂﬂLJiLJlESE.LALLﬂLAIlDNS_HAS
i

"

.

. e ma——— a =

2000
{
i
i MACH NUMBER Pa2/Pl T2/T1 L/D (FEET/INCHES} PAGE 7
M7 R ek F R RRATA FEEX EFRE RN TGN
i 03020 1.0000 1. 060000000 ,000000011
L -03020 - 5900 - 995995347 65:72321536
' -03000 . 9400 < 999992581 130, 784566097
T TTT.03000 - 9700 < 999988658 195.183857337
: «03003 . 95600 . 999984693 258.921133729
— +03000 <9500 < 999980562 321,9956379356
f . 03000 . 5400 1999976298 3B4,409577898 :
; .03000 «9300 < 939971895 %46,1607]2431
. .03000 . 9200 < 999367348 507,24 3765506
| . 03000 . 9100 - 999962651 567.6T6719216
‘ « 030490 . 9000 « 99995779 627:44155480%
i < 03030 . 8900 + 999952717 666.564253261
— .03000 . 8800 < 499947586 T44.984794518
. 030ug <8700 « 999942215 802,763158135%
: 03000 + B6OO + 999936656 859.879322803
I .03020 - 8500 ~ 999930899 516,333266519
+ 03000 . 8400 ©99992%936____ 5712124966497
] 03000 . 8300 L9999L 8756 1027.25%399133
-03000 <8200 < 999912345 1041.72153995%
T T.03000 <8100 2999905703 T 1135.5253623638
L .03000 « 8000 - 999898807 1188.668843863
] < 03000 « 7900 « 999891647 1241.,14895334]
i 203030 . 7800 ~ 999884211 129%,966663695
i .03000 - 7700 + 999876482 1344,121945554
R - 03000 « 1600 + 999868448 1394,614768317
i « 03000 . 7500 » 999860030 1444.445100187
i 203900 o 1400 » 399851391 _14537612908113
+ 03000 . 7300 v 999842337 T1542.118157668
' - 03000 . 1200 . 999832894 1589.96081302%
{ -03000 . 7100 999823054 [637.140836395
L «03000 - 7000 + 999812791 1683.658190298
i . 03000 6300 . 999802078 1729,5]283264%
I « 03038 . 6800 .« 999720889 T774.104721597
- - 03000 <6700 + 399779197 1819,.233812950
H . 03000 5600 -+ 959766969 1863,100060357
! . 03000 - 6500 + 599754174 1906.303415669
+03000 « 6400 « 999740775 _1948,84382815%
.03000 . 6300 + 999726733 1990.721244902
«030)0 .6200 < 999712007 2031.935610426
- 03000 . 6100 - 959696553 2072.486866533
S

J——

e ——— e A ey (pge ) 8t amy

| S N il

L-8T



o _ _ . ‘ —

JSED_IN THESE CALCULATIONS WAS 1.40000 F_USED IN THESE CALCULATIONS WAS » 02000

¥

MACH NUYBER P2/P1 Tg/T1 L/0 (FEET/INCHES) __PAGE 8

— #*t**t**### FTI Ty FTIT T L L LT R . -
~ 03047 + 6000 . 999580320 2112,374952166
- 03000 - 5900 - 999663255 2151,59580320%
e .03060 - 5800 - 995645302 2190.1€13%2228
. 03090 =~ 5700 . 999626397 2228.055528350
T 203050 ~ 5600 L 999606472 2265, 294256526
T+ 03000 - 5500 « 999585452 2301, 865459282
7203000 - 5400 . 999563255 2337,773052449

. 7+ 03000 »5300 < 999539792 2373,016948827 _

03000 <5200 - 895514965 2401.5970558390
. 03000 - 5160 . 9994868606 2441.513275533
203069 = 5200 . 599460778 2474.765504188
203003 - 4500 2999431163 - 2507.353631821
< 03000 - %300 . 99938988 2539.271541 747
+03000 + 4700 . 999366184 —2570.53710978%
«030040 < 4600 - 999330477 2601,13220403%
203000 = 4500 < 999292349 2631,062683813
-63000 <4400 . 959251639 2660.328399060
f » 03000 < 53u0 < 599208042 2688.929189435
{ L0304 4200 . 999161303 . 2116.864883392
-03000 4100 <999111112 2144,135297072
.03000 - 4000 - 999057120 2770, 740233134
< 03000 = 3500 - 998958936 2796.67947934E
<0300 - 3600 . 958936114 ZB21.%952807218
L « 03000 « 3700 .998863}596 2846. 559970021
v +02000 . 3600 « 498796458 2870.500701063
] + 03000 . 3500 - 998714388 2893, 774711355
L .03000 - 35400 < 998827179 2916381647087
- 03030 23300 2998531957 3%38,321286 708
= 03009 - 3200 29986 ZTILE 3959593137579
= 03030 - 3100 .9983{3268 "~ 2980.196832069
<03000 + 3000 = 998187244 3000.131923161
= 03000 » 2900 < 998058038 3018.3979150609
» 03000 2800 < 957893743 3037.994277003
=03000 2700 997122760 3055.920396447
- 03040 . 2500 . 95753041% 3073,1756104835
03000 - 2500 997315442 3089. 7591 73694
2 03000 - 2400 997073265 3105.670254%170
< 03000 +2300 2996799107 3120.90791558%
203000 2200 + 996487075 . 3135.%71099251
< 03000 22100 - 996129899 3149,3586 04360

8-81



—

st st

e o T

1
}_5_.0.5.50_ IN THESE CALCUL AT IONS HWAS 1440000 F USED IN THESE CALCULATIONS WAS 02000
1
f MACH NUMBER P2/P) T2/T1 L/D (FEET/INCHES) PAGE
i *?***##*?## Rk T R Rl S e ool e e R ok ok e olok e
i +03000 + 2000 2995718451 3162.569060011
; 03000 1900 .9952411 94 3175.100892217 ;
r 203000 L1800 . 954683361 3186.952282208
i 03000 .1700 +994025823 3198,121113627
' .03000 . 1600 .99"'2‘034’0’ 3208 304904940
«03000 1500 -99230268' 3218.400721655
! » 030230 1400 .99115801:. 3227. 505062468
\ .03000 + 1300 . 989746412 3235. 913704528
.03000 - .1200 « 987978725 3243, 621499393
. .03000 L1109 .985725628 3250, 622089726
1 .03030 . 1000 .95279408‘0 3256-90?516526
i . 03000 «2900 .938886260 3262, 467663441
’ +03000 . 0800 « 973524531 3267 . 289460035
+030900 .3700 .9@590737'& 3271. 355730059
H +33320 .06_00 « 954615466 3374, 6‘13537334
i .03020 . 0500 .9369702’07 3277, 12[91805¢
) 203000 + 0400 907524848 3314, 749389848
\ « 03000 «0300 .854236128 3279 472767715
: -.03000 0274 - 333443333 3279. 505779896 MAX /D = CHOKED FLOW CONDITIDN AY EXIT
i .
r
b—
I
[ ot}
=t
)
Vo Ral
ol te
P el
25
. :-—“
k<>
J

L_‘-... R n_---.m-——;—‘-

6-81



F_USED IN THESE CALCIM ATIONS WAS

1

K_USED . IN THESE CALCULATIONS WAS 1.40000 = 02000,
! .
: NACH NUMBER F2/P1 T2/T1 L/D_(FEET/INCHES) PAGE 10
B T TR Py ELTTE] LIETT: e kR K AR R ok R

[ "~ 404000 1.0000 1. 000600000 -. 000000017

L0400 =9930 - 999993507 36.932789T3L

‘ L04000 29800 - 9599586814 T3.492947368

04000 - 5700 . 999979914 109,6B04508058

< 04007 = 9600 959972797 —145.495306418

. 204000 <9500 < 999965454 180,937+ 76621
04000 . 9400 . 599957876 216,005695238; D

04000 <9300 . 999950452 250, 703706794

04000 5200 + 899941972 285.0277524%%

. 04000 - 91060 29999335625 318.979041497

S04000 ~ 9000 L 999934998 352,557565249

+04000 - 8900 = 999916078 3685. 763304579

. 04000 28800 « 9999056854 418,596239656

i . 04000 - 8708 c999897310°  —  251.056349949

+04300 < B64D . 999887431 483.143614315

"]'" 04000 <8500 . 999877208 514, 658010735

< 04000 - 6404 <G9988a606 546,199516489

" 04000 = 8300 . 399855525 577.1681080452

04000 = 8200 . 999844241 6072763761002

. 04020 = B8l00 2999832433 $37.986450078

204000 8000 . 999828180 €67.083614901%

, L L04090 + 7900 2999807459 697.312830¢19

i < 04000 - 1800 2999194247 T26s 416060626

e L 04000 = 7700 . 999780517 155.147D2770§

.06000 L7600 2999766242 783, 504483376

~ «04000 . 1500 . 999751394 811.488801936

i +04300 . 7400 . 999735940 §39.099950421

: ‘".04030 = 1300 + 999719849 566.3%3394532

] + 04007 « 1200 > 999793083 893,2062598576

04000 = 7100 - 99968560% . 9194694025332

T T .04020 « 7000 £ 999667375 945,812136028

06000 26908 -9996%4355 971556890213

{ < 04000 <6800 2999628473 §96,928245697

04000 =610 2999607708 1021.9261584068

‘ 04000 < 6600 999585989 T0456.55058229%

2040600 + 6500 + 999563245 1670800469229

T, 06020 26400 « 999539469 1094.678T68842

| 204000 - 6300 + 999514534 1118,182428408

. [:::f"“‘:OAODO <6200 < 999488385 1141.312392687

[ T T.04000 . 6100 + 599460943 T164,068603758

I

01-81



v +
LK_USED_lﬂ_IHESE_CALLuLAIlQNS_HAi____14&QQQQ;_,_____E_u3ED_lﬂ_IHESE_QALiukﬂllﬂﬂi_Eﬂ5 £ 02000

—_ :
_____MACH NUYBER P2/PL T2/T1 L/0 {FEET/INCHES) PAGE __ 11
1 bl L ] ERRE Rl e T A T LT
i .0adde’ 6030 . 999432130 1186.45100085%
i o 04090 + 5900 » 999401823 1208.459520169
! 404000 + 5800 .955359950 1230.094094651
! 204030 25790 2999336368 1251, 354653763
; < 04000 “=500Q0 .999301018 1272.241123281
206000 25500 .999263706 1292,753424975
f + 04000 + 5400 + 999224308 1312, 891476370
204000 +5300 999182666 1332.655190392
f »04000 5200 . 999138606 1352, 044475051
4 04000 . 5106 +999091937 1371.059233053
] + 04000 « 5009 999042450 1389.699361370
{ = 04000 +4320 . 998989913 1407.964750814
: «04000° « 4800 - 998934070 1425.855285509
04000 24700 « 998074639 1443.370842353
: +04030 24600 « 998811306 1460.511290394
: « 04050 « 4500 .598743721 1477.276490157
T < 04000 - 4400 - 998671495 1493, 65292895
i « 04099 24300 - 998594197 1509.680539737
i «040430 + 4200 » 998511338 1525,319060770
+04000 <5100 2998422373 1540,581673560
<04000 24300 .998326688 1555,468184092
. 204009 23900 . 998223549 156%,378381246
« 040090 -3800 .998112292 1584,112039520
204009 »370D + 997991905 1597. 868915259
204090 23600 .997861414% 1611, 248745170
£04000 -3500 2997719655 1624251244177
.D4000 »3400 +997565297 1636876102957
= U4000 3300 2997396863 1649.122985132
+04000 . 3200 19972123948 1660,991524038
< 04000 .3L00 . 997010013 1672,481319C08
« 26000 . 3000 2996737254 1683,591931069
204000 . 2900 + 996541281 15694,322877918
+ 04000 - 2860 . 9962587170 1704.673624125
< 04000 =270 +995965771 1714,643594249
=04000 = 2600 < 99562 1571 1724,2321247§3
»04000 .2500 - 595248539 1733.428694060
- 04000 «2400 .994821831 T742.261893563
204000 2300 =994339144 1750, 701412897
£04090 2209 2993790287 1758, 756028711
204000 22100 £993162652° " 1766.424582102

e A e A o M o i AR e o s

TT-81 taxnu-”



T
'I

IN THESE CALCULATIONS WAS + 02000

| K USED IN THESE CALCULATIONS WAS . 1.40000 F_YSED ~
MALH NUMBER P2/r] T2/TL L/0 (FEET/INCHES) PAGE 12
g LFE T T3 [I 1Y EITTT [FELE T eI T IT:]
04000 . 2000 < 992440495 1773, 705754711
< 040G00 + 1900 < 991603959 1760.558038728
» 04000 . [BU0 < 990627121 1787,099699633
« 04000 « 1700 < G894753099 793,708129602
< 04000 - 15600 . GBE115351 1 158,922788707
. 04090 -1500 . 986479754 1804.239130075
. 04020 . 1440 .+ 584455804 1809.154503750 :
204038 L1300 .582058437 1813.665032106
.04000 . 1200 . 3T9020422 1817276047045
: 04000 .1130 975170700 1821.451875820
i 204000 . 1000 <9701 9885% 1824,715558268
i . 04000 . 0900 - 963634877 Ta27.548474563
_ <04000 . 08UQ . 954743265 1825,539863132
L4000 L3700 < 942325189 Y831, 876224732
L 04000 - 0500 924368390 1833.340675067
r*"“““toapoo . 0500 2897268405 1834.312519876
«04000 <0400 < 854350472 1834, 767933482 .
204000 .036% . 833600000 1834.800892708 MAX L/D - CHOKED FLOW CONDITION AT EXIT

L

21-81



r :

é_K._US ED_IN _THESE CALCULATIONS WAS ~ 1,.40000 . F _USED IN THESE CALCULATIONS WAS

PAGE 13

]

; MACH NUMBER P2/P1 T2/T1 L/D_(FEET/INCHES)
Rh ARG R HAEEA Tk AR Rk A A X

' TTlos g0 1. 0000 1. 006000000 =, 0805606006
i " 05000, = 9900 . 999989858 23.606927230
: + 05000 < 7800 « 999579405 46.975151799
T L e5000 '« 3T00 - 999968627 T0. 1046568854
05000 L9500 s 699957511 92.995433087
. «05000 - 9500 999945043 [15.64 7458698
: T .05000 9400 - 999934208 138,060719411
-050030 - 9300 .9999219a9 160235198420
- .05008 -~ 29700 . 399909370 132, 170878357
205020 .9100 . 999896333 203,867T41325
205040 =9000 « 99988286 225.325768806
.05000 ED -959868932 2664544941678
05000 . 8800 299985452 267.525240173
! ~, 05000 <8700 < 99983962 288,266643844
. 03000 . 8600 - 989824197 308, 769131544
<05000 . 8500 .999808224 329.032681361
- 05000 - 8400 .999791678 349,057270723
! »05000 . 8300 + 399774533 368. 842876070
. «(32000 « 8200 .99975675? 388.389473122
i 205000 +8100 . 999738320 40T.697036673

- _..+D5030 - 8000 . 595715149 4264765540581
+ 05020 . 7900 4994699328 445,594957726
405000 . 7800 » 999678700, 464,185259966
: 05300 « 7720 999657269 482,536418072
! L 05000 . 1500 - 599634981 500.648401672
: 05000 . 7500 .99961180% 518,521179208
05090 + 7400 .99958?678 53 6..154717844
05000 . 7390 4999552558 553,548983431
05007 . 1200 . 394536388 570, 703940410
+05030 « 1100 .999509107 5B87.619551743
| +05030 « 7000 -599460651 604.295778831
i .05000 - 6300 = 999450953 620.732581419
i .05000 - 6300 - 999419939 £36,92991 7509
i «05000 - 6700 .999387530 652, 887743252
< 05000 - 5600 +599353641 £60.60601284%
& . 05000 <5500 999318181 664.084576396
I 05000 <6400 +399281051 $99.323689817
_ 405000 » 6300 < 999242148 714.322994679
. By .05000 5200 4999201348 729.062538057
5 ? T 05000 <6100 - 999158536 743602262375

bl o R e e s -

ETI-81



gVK USED IN THESE CALCULATIONS WAS

o — 1 ——

1.40000 F_USED IN THESE CALCULATIONS WAS + 02000
g :
! MACH NUMBER P2/PL T2/T1 L/D_{FEET/INCHES ) PAGE_ 14
R e AR AR R LI T ERERR R o B e R R kA
' . 05030 . 6000 + 999113572 757.882107255
: < 05000 . 5000 « 9959066312 771.922009280
«05000 +5800 999016596 785, 721901842
. +05000 « 5700 « 398964281 799,281 714893
= 05000 . 5600 - 598509089 BLZI601375720
+ 05000 L5500 . 958850904 825.680803672
! « 05000 « 5400 . 998769471 §38,519919692 :
+ 05000 . 5300 + 998724545 851,11863699
=05000 +5200 . 998655855 863.476863731
< 05003 -51d0 - 995583108 §76.5945034629
[ 205000 . 5000 958505972 887, 471454568
! <05000 £ 4900 + 998424093 899.107608351
) 205010 . 4800 < 998337073 910,502850203
; - 05000 <4100 < 998244473 521657058236
) .05070 + 4600 + 598145805 §32.570102847
: =05030 < %500 + 598040531 543, 241846059
. 05000 24400 - 357924057 953.672140790
i . 05030 . %300 . 997807679 963.8560830033
; . 05000 « 4200 + 997678677 573.807745951
. 05000 L4130 < 997540195 943.512708875
. 05399 « 4000 £ 997391283 592,9755248146
+ 05020 <3500 + 997230870 1002.195990870
: 205000 . 3600 « 9970577472 101 1.173880478
! - 05030 » 3700 « 996870523 1019.508955106
. 05090 . 3500 < 99665 16435 1028,400955796
05000 « 3500 2996447317 1036.649602408
» 05000 23400 2996207485 1044.654591282
205000 <3305 - 995945785 T052.41 5592552
+ 05007 » 3200 595859487 T 1059,9383% 1079
< 05000 « 3100 +99534540%  — 1067,204162920
-05000 + 3008 2994999855 1074."230911261
B . 05000 . 2900 2994618514 —1081.012021708
. 05000 - 2300 < 994196261 15§7.546976813
.05000 . 2700 25931270568 1093.83520566%
-05320 . 2600 . 993203745 1099.0760764752
! 405000 22500 992617681 T 1105.668887643
TL05000 2400 - 991958493 1111.21285735§
«05000 + 2300 © 991213570 1116507111200
< 05000 .2200 - 390367482 1121.580667265
- 05000 L2100 » Q894011 94 1126-342418290

S

L

P1-81



.

F.._K_JJS ED_IN YHESE CALCULATIONS WAS _ 1.40000 _ _F USED IN THESE CALCULATIONS WAS

» 02000

1
|

__WACH NUWBER _P2/P1 T2/T1 .70 _(FEEI/INCHES) PAGE __15
TREERAR R TR L Ay L Tt s o]
; L 05000 22000 . 988291011 1130.881110038_ .
[ 05000 1900 987007159 1135.165315127 "
' «05000 - 18040 .935511828 1[39 193400591
; . 05000 1700 = 9B3756457 1142,963489055
: —_.05000 . 1600 . 381677900 11%6,473408733
.05900 .1500 +979192916 1149,720633684
l . 05000 . 1400 L91619017% 1152,702207506 :
205000 L1300 . 972518010 1155.414648713
05020 .1700 .967966684 1157.853832535
i £05033 L1100 . 962239471 1160, 014844970
: 2050007 <1300 554907576 1151.891804875
i .05000 . 0900 945335815 1163. 477658290
l 05039 <0800 932557535 1164, 763961155
+ 05000 L0704 .915058039 1165, 740708207
N .05000 + 0600 - 890389738 11566, 394355288
r 05000 L0500 L B544 T4624 1166, 718384262 -
! . 05000 . 0457 . 833750000 1166, 151275431 MAX L/D - CHOKED FLOW CONDI110N_AY EXIT i
?
L
:
I +
]
%
!
o))

s

£,
N

4
Fr

T - R R

1]
V|9

o= e e e e e

0

A
ij‘

S1-81 RN



,LU.S.EDML@MMMLWM_—MM—&M
j -

—
¥

MACH NUMBER

-. P2IPL T2/¥1 L/D (FEET/INCHES) 15
###*#**#t*# RREX K Fededee R ##****#{ﬂfﬁ**#**
T 060001 1.0000 1. 000000000 < 000000003
i < 06040 9990 » 99998540* 16,368207699
: 06060 . 9800 999910357 32. 5704565088
: 206000 " 9700 . 999954844 48,606757359
- 051001 "+ 9600 - 959938858 64.47106925%
» 04000 L9500 £ 899522340 80,181385024
<6000 . 9400 . 399905306 95, 719688435
06000 - 925G - 999887721 111.091962737
- 06030 - L9200 2999869564 126.298190631
= 06000 S3100 -999850795_____141,338354251
; . 06000 25309 S9geBatelT_ 1%56,212435185
T Leepad - -.8900 2999811387 170.920414341
206099 « 8800 499790637 ia5.462272034
<0a 000 <8700 » 999769191 199, 837987894
i < 06000 - 8500 » 999746993 2147047540850
! - 06007 . 8500 < 999724010 2268.090909103
! - 06430 - 8400 - 99970020% 241 .96807008L
i ~06000 - 8300 - 999675534 255.679000408
< 06000 ~ 8200 < 959649958 269.223675871
. 06000 L8100 . 899623433 2B2.602071368
00030 . 8500 2999595909 295.814160875
« 06000 -7500 . 999567337 308.859917392
205000 . 1000 L 999537642 3214739312698
P » 06000 - 7700 2999526827 334,452318299
! « 060957 » 7400 2599474772 346, 998903374
06009 + 7500 » 999441430 —359.379036714%
. 05000 + 1600 . 999406731 371.592685650
= 060037 = 1300 « 3993706662 3837639816205
= +06073 <7200 .99933296?‘““" . TTT395.520393007
! « 06000 . 7100 2999293729 . 407.234379223
206000 = 1000 . 999252807 418.781736465
- 06000 +6900 . 999210101 4304162424741
< 05000 76800 +999165504 441.376402211
-05000 <6100 - 99911890% 4527423625382 .
. 06090 . 5600 « 999070180 4634304048702
: - 08360 <6500 . 969019199 §74,017624595
) ".050090 = 6400 + 998965827 484,564303303
+ 06200 <6300 *99890989% 494,944032752
 TL06000 . 6200 . 9968851252 5054156758407
206000 <6100 . 998789717 515,202423116

9T-8T



T2/71

MACH_NUYBER PZ/P1 L/D_(FEET/INCHES? PAGE 17
LTIy ek de o bt o) **_tff*##f*******t
- . 06050 .6000 + 998725096 525,080966942
T .os000 <5900 . 996557180 534, 792326972
: « 06000 + 5800 - 998585740 544,336437129
f .06039 + 5700 . 998510520 553,713227949
' +06000 +5600 . 998431273 562.922626347
. 206000 5500 . 998347694 571,964555369_
! . 06000 . 5400 - 998259452 580.538933 908 _
06000 . 5300 .998166202 589.545676406
C . 06000 <5200 . 998067559 598,084692519
206000 L5100 - 997963099 606,4558B6764
206007 . 5000 L997852357 614.659158117,
206009 <4900 497734820 622.694359581
206030 L4800 - 997609920 630.561497T08
j +00029 <4700 - 997477033 538.260332077
. 06000 245600 2997335462 645, 790774710
\ 00000 L5500 < 997184438 653,152689437
. 06000 <4400 - 997023101 _ £60.345931183
+ 06000 <4300 = 996850493 667.370345182
. 06000 <4200 » 996665542 674,225766105
. 06090 L4100 +996467046 680,912017082
| L0604 . 4000 2+ 996253654 687.428908618
—.0s009 <3900 2996023841 693.77623736%
' 105030 .3800 2 995775886 699.953784772
r 106090 .3700 = 595507632 705,961315535
f . 06020 .35600 » 995217457 711.798575865
— 2+ 06099 <3500 . 994902221 117.465291527
. 06030 <3409 2994559216 722,961165618
.06000 .3300 + 994185097 728,2858756037
. 06020 .3200 > 993718003 733.439072596
{ L06030 .3100 + 993327455 738.420373718
: 206000 3000 2992834241 T43.229362643
[ . 06000 . 2900 + 992290265 747.865583064
: . 06000 +2800 . 591688355 752.328534037
206000 +2100 2591020042 756,617664182
206000 =2600 2990275255 760, 732384 789
06000 «2500 + 985441973 764 671961815
+ 06000 - 2400 . 988505708 768.435706580
"" 06003 <2300 . 987648925 1720022764616
« 06000 .2200 . 986250238 775.432202610
=06030 L2100 - 984883344 7178.662972842
TN - g I —

v s meme—

ot

- - S R SV

L . .

L1-81
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- . . - 3 PR T AL AR L T A v

A ki TRy L e A 5 A S prrmtN R
1 K USED IN THESE CALCULATIONS WAS 1. 40000 F_USED IN THESE CALCULATIONS WAS 202000
f 4
1
! :
: _HACH NUHMBER PR/P1 12771 L/D (FEET/INCHES) PAGE __ 18
L ok ko OK R s ekl D - ]
‘ TL05000 . 2000 +983315627 781.713894617 .
L « 06000 <1908 - 981506280 T84.583632051
' « 06000 + 1800 + 979403740 T8T. 2706672388
‘ < 06209 S1700 . 9756942167 789, 773268911
a 206030 L1500 -974038488 792.089452278
< 060d0 .1500 19705754565 T94. 216934036
- <0000 - 1400 < 965411583 T96.153075960 :
T #06000 <1300 1961346360 797,894819107
j + 06000 . 1200 + 955106397 799.438607236
06020 21100 .947380079 802.780301291
i 205007 e 1200 L 937145603% BO1, 915091163
v 206000 . 0900 +924711826 B02.837420716
: — .06009 . 3800 . 507973262 B03,540961810
L 06000 - 0700 .B885503015 §04,018712173
L 06040 . 0500 . 854538580 B04,263365104
{ 7. 06000 - 0544 .83393133% 804.295617333% MAX T/D ~ CHOKED FLOW CONDITION AT EXIY

81-81



1K USED TN THESE CALCULATIONS WAS . 1.40000 .. F USEQ IN THESF CAtCULATIONS WAS

02000

72/T1

—— e e mm s e o aA

e A MR i W e A

r _MACH NUMBER P2/P1 L/D _(FEET/INCHES) PAGE 13
— X e AR R R e ShEEE Rl Hok ttﬂl**l###t*******
' L0700 1. 0000 1. Q003343000 -.000000002
[ . 07000 29900 . 999980142 12.003509548
~ 07000 29800 2999959674 25.884936758
; 07000 9700 . 599938572 35.6%426687]
+07000 . 3600 399906809 %7.281484683
407000 . 9500 . 999894357 58.796574504
) +07000 . 5400 . 999871187 70,189520159 )
<07000 - 2300 2 999847267 B1.460304956
07022 - 9200 .999822546 92.608911672
' . 07000 + 9100 . 599797048 163.630322516
+ 07000 - 5000 . 99977106 TH 114,539519120
i . 07000 . 8900 . 9997436417 125.321482506
! .67000 -3800 . 999715226 135.981193054
< 070049 = 3700 599686058 146.518630486
' 207020 L8600 < 999655871 156.933773025
¢ .07050 . 3500 2 999624617 167.226601367
N .070)D - BGG0 . 999592244 177.397090643
. .07020 -5300 . 999558598 187.445216393
< 07000 .B8200 . 999523922 197.370960516
; . 07000 .8108 . 999487855 207.174292037
P 207040 . 3000 « 999450433 _ 216.855187062
b 07300 . 7900 + 999411586 "TT226.413618733
- 07000 = 7400 . 999371743 235.849559178
] - 07020 . 1740 . 999329324 245.162979462
! .07000 - 1600 L 999285747 254, 353849532
i « 07000 » 1500 - 999240423 263.422138157
] . 07030 . 7400 999193259 272.367812867
: £07C30 . 7300 + 999144152 281.190639888
] 071030 . 7200 . 599092996 285891184070
: L7000 L7100 . 5990395673 293.468808813
v L 07T09d . 1000 . 998984062 306,923675982
i 07000 . 6900 < 998926028 315.255745827
1 07530 « 6800 . 998855429 323.464976888
: .07030 6700 . 998802113 831,55133589%
207007 . 6600 - 998715914 339.,514747660
207020 <6500 « 99 8666655 347,355194969
07000 . 6400 + 998594144 355,072618453
07000 - 6300 . 998518176 362666966450
. 07020 5200 . 998438528~ 370.138184908
07000 « 5100 . 99 8354957 — AV7.486217137

Lz

61-81



ER— T

Ry

L K USED'IN THESE CALCULATIONS wWAS

1.40000

£ _USED TN THESE CALCULATIONS WAS

02000

IR

it

L3 £3

.
EE Mo

[

: MACH NUMBER PE/PL T2/T1 L/D (FEET/INCHES} PAGE __ 20
TR R A R [TITY] [T Ty A O 4 7 R e R 2
f . . 07003 = 6000 . 9982567204 384,711003739
] - 07000 = 5900 - 998174984 391.812482381
- T ~5800 - 958077989 398, 790587608
<0700 «57100 . 997975888 405.645250635
. 07050 5500 . 997858309 412.3763591279
F"" —.07090 « 5500 . 997754861 418.983956931
. 07000 ~5400 . 997635109 %25,461843819 .
; «07020 - 5300 - 997508578 7317827975200
. 07090 . 5200 29313747456 438,064261788
L070G3 - 5100 <997233050_ 445.176509258
L otog) + 5000 +99 7042837 4504165917848
l 207400 « 4900 +996923443 4564029081973
! 074604 « 4800 . 396754098 461, 768989731
L070600 - 4700 . 996513950 467.384522407
. 07000 <4600 « 996382071 472.875553914
. 07040 <4500 596177422 A4TB. 241950181
.07000 + 4400 < 995958846 483.48356B8465
07022 <4300 =995725057 468.600255603
r"‘““*“"‘om'm - 4200 2995474613 493,591852167
. .07000 « %100 . 995205901 498.454181 543
. _____.07000 +4000 + 994917107 503.199058685
’ TLaT000 = 3900 . 994606189 507.814284960
+ 07030 = 3600 « 994210838 512, 303545854
L 07000 s 3700 - 993908433 516.6689115Y4
07000 3500 . 59351601% 520.90383411%
207000 L 3500 +993090178 — 525.0041456213
207030 3400 <992627039 — 528.997558570
[ .0700% .3200 « 9927122147 532, 353758289
I < 07009 <3200 L 991570355 536, 562405130
i 07090~ . 3106 2990965715 540.,183129459
+07000 3000 .990301303 543,655528260
207330 « 2900 .589564038 546.999161233
i 207029 - 2800 « 988759435 5504213546199
07000 -2100 . 987861345 553.298153807
_ .07030 - 2600 « 986861398 554.252401414
.07000 - 2500 . 985743885 559.075645983
j - «07000 - 2400 «98448YT96 561. 767175838
———— 1000 <2300 983076218 5644326201048
T L0000 22200 L9Blal5292 " h66,751842185 '
. 07000 «2100 2979652894 569.043117179

L
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| K _USED [N THESE CALCULATIONS WAS  1,40000 ~ F USED IN THESE CALCULATIONS WAS 202000

t

4 r e e m———— s |

a4 b = e

e e A ¢ bt e 2

HACH_NUMBER P27pP1 12711 L/D (FEET/INCHES) PAGE _ 21
H CRRERRREAARY EERER FhERY L L P T 2 Y]
‘ 207000 =2000 . 971566893 5T1le 1989256888
[ T .07008D .1900 .875164823 573.218032018_
.07000 1800 < 972380804 515, 099041929
f . 07000 <1700 L969131179 576,840379882
T .07000 L1660 -965308730 578.440259301
: 07020 21500 2960774412 579,896649793
i . 07000 . 1430 2955345727 581.207240017 X
. 07038 .1300 - 944780010 582.369397347
, 07000 21200 .940750101 7583.,380126793,
; . 07000 - 1100 2930808412 "584,236034699
f —.07030 - 1000 <913333103 584.933200260
i T T.07000 . 0500 2902446486 585,467731898
.07000 0800 . 881890077 585,834 778970
; T07000 <0700 . 855832336 586.029846274
. 07000 <0639 .8341500008 5864062556573 MAX L/D = CHOKED FLOW CONDITION AT EXIT
]
gy
=t
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'

| K _USED IN THESE CALCULATIONS WAS 1..42000 F_USED IN THESE CALCULATIONS WAS 202000
MACH NUMBER Pasrl T2/T1 L/D (FEET/INCHES) PAGE 22
***““&*mitt#:h*u Wk W LI WER R R RNk :
~ . 08000 1.0000 L. 0600200060 ~. 000000002
- +04000 . 9900 2999574019 §.170574618
=L 08000 . 9800 . 5959947352 18, 257739508
T L08000 « 9700 = 999919819 27,231179973
: . 03000 - 96010 - 999891413 36.120980866
T o80dd . 9500 . 999863109 44,917126567
H +08000 « 9400 . 595831068 53,61 9600969 :

. L030070 29340 + 993800650 62,228387455
_+0B000 . 9200 < 599768413 T0.743468071
: « 08030 « 9160 2999735113 79164827515
. — s 04000 . 9000 £999100699 __  B87,492445100
! - + 08090 . 8920 . 999665125 95.726302739
§ +03000 . 8300 2959678336 103.'866380909
- 08000 ) 2999590217 111.,912659430
L .08dJo < BO0T < 999550889 119,865117433
T uedd0 <8500 + 999510109 127,7237133325
. - 08030 . 6400 . 999467871 135,%868434761
- .08220 » 8300 - 399424105 163,159348501
i » 04020 . 8204 <999378736 150, 736300863
08000 . 8100 + 999331685 158,219316773
- 08090 - 80CQ » 999282868 165,6068370528
.08000 . 7900 .999232195 172,903435451
! - 08000 . 1800 - 999179572 _ 180,1044838542
08000 « 1700 - 999124897 187,211486%48
: » 08000 <7600 - 999068062 194.2244149]0
.08000 « 1500 . 999008553 201,143234703
+0809% L7404 « 39B94T445 207.967920079
T .04000 - 7300 - 998843409 214,698431501
- 03000 « 1200 998806708 2710335736069
—L08000 L7100 T9GBTATLEY . 227.816797454
.03000 . 7000 CU9BETAETS 2345324577810
<0004 = 6900 + 998599017 240,5750376948

504000 <5800 . 598520021~ ?46.93713%989 -
<0800 <6700 + 998437689 2537100829770
- 05001 26600 + 998351208 259.172074239
<0800 <6500 . 998260942 265, 147822597
UL 08000 26500 . 998166449 271.029025909
T L08000 <6300 < 938067459 276.81563301%
T 08000 6200 +997963683 282,507590347
« 08000 <6100 - 997454807 288.104841807

———

¢2-81



Lait * b

1K USED IN THESE CALCULATIONS WAS  1,40000  F USED IN THESE CALCULATIONS WAS

202000

i

el e ety e s =

v MACH NUMBER P2/P1i T2/T1L L/D (FEET/INCHES) PAGE __ 23
" PR ST 3T [I213"] FAEAw WK Ak AR AR
+08000 : = 5000 + 997740494 293.5607328593
<08080 . 5500 .897620375 295,014989030
L 08%v0 «5800 . 99 7494052 304.327758378
- 08000 +5700 +997361092 309, 5645566629
—.080J0 =5600 + 997221021 314.66834828%
.0B0VO 25500 .597073327 319.696022116
.23000 +5400 295690 7446 32%.5628510602_ .
.03000 ~5300 2996752764 329465731144
=08000 25200 < 996578607 334.207594759
! «08020 « 5100 = 996394241 338.854008736
C . 08000 =3000 +596198850 343.404374769
~U8000 25900 2395991541 347. 860088855
« 08000 . 4800 +995771330 352.219560646
<0800 <4700 299553117 3564483113964
< 0B00Q - 4600 . §95287727 360, 652684267
»08000 « 4500 «995021 190 364.722120057
. 68000 . 4400 = 994737829 358.697281232
208000 %4300 . 994434185 372.576018566
. 08000 - 4200 = 994109005 3764354172913
- 08030 - ¥i00 « 993760214 T380.043574323
.08000 - %000 +993385482 _ ... 383.632041067
. 08000 .3900 -992982186 ~387.123378535
04000 «3800 . 992547364 390.5) 71378025
« 08000 «3700 2992077669 393.813815379
+ 08030 = 3600 = 9915692871 397.012449451
+08000 -3500 +991017685 400.113020398
L oslida = 3400 . 950478504 403,1152477548
. 08000 + 3300 » 985765458 4D6.016828225
«0B0O0G - 3200 2589052197 408,823433208
< 08000 . 3100 »986271153 411528706347
- 080930 <3000 + 987413540 414.134259595
- 08000 . 2900 2986469117 41 6.639670409
<08004 « 2800 « 985425891 4194044477241 .
+08000 <2708 « 984269749 421.348174930
+08020 - 2600 . 962983999 423.550209320
+08000 - 2500 »981548789 425649971100
+040020 - 2400 - 979940375 427.646788728
___«04020 +2300 «978130180 429.539920281
+ 03090 -2200 +976083592 431,328544118
02020 -2100 «373758392 433.011748114

- W - Y

g et am
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£¢-81



-

| 8 USED IN THESE CALCULATIONS WAS 1.40000 £ _USED IN THESE CALCULATIONS WAS 2+ 02000
i
; MATH NUMBER P2/P] Y2/71 L/D (FEET/INCHES] PAGE 24
ok AR Rk HARH RAREE R s S T T
! L08050 « 2000 . 971102705 434.5688517356
i . 08000 . 1900 . 3608052291 436,057720052
205000 . 1800 « 964526926 43 7. 418091605
i - 08000 .1700 < 560425535 438.668215737
: 08030 . 1600 « 955619563 439.806509811
. 03000 - 1500 - 949943847 440,631193927
: .08000 » 1400 » 943083938 510740279741 . ;
203037 21300 - 935058257 4424531545357
. 03020 .1200 « 925132745 4%43,202528228
’ . 08000 21100 < 913044481 443, 150515362
«080J90 .1000 « 898049019 46h 172518941
- 08000 <0907 .879143718 444 4656542997
+ 08000 S08D0 + 855055 866 44%.626634917
. 08000 L0731 = 834400000 444,659232452 MAX L/D - CHOKED FLOW CONDITION AT EXIT

op e -

. be-g1



{ " .
LK 1)SED. TN THESE CAILCIMATIONS WAS. .. 1.60000  F USED YN THESE CA) CULATIONS WAS

F T

F -

i MACH NUMBER F2/P1 T2/71 L/0 {FEET/INCHES) PAGE __ 25

! it L L] A [T111] HERERE R HA KK Rk

- T 1bodo 125600 1.000000030 =+000080000

L «10000 + 9900 + 999959557 5.830222249

! .10320 . 3800 + 999917876 T1.618520260

- «10030 . 9700 . 999874507 17,33757947%

L «10008 L9800 . 5998308594 22,9964B84901
-10020 - 9500 . 9957684887 284595221070

i .10000 » 9400 « 999737720 34,133772039_ »

: +10000 - 9300 . 896689032 39.612121364
.100090 - L9200 « 999638758 45,030252076
+10J30 25100 . 9995868248 50.388146663
RLLLE = 9040 . 999533169 55.685TB7043
.10030 -8300 , 999477703 60,92315454]1
-10000 . 36800 . 999420349 56,100229863
210030 . 8700 » 999361019 71.216993067
+10000 . 8600 . 999299622 76,273423517
- 10000 . 8500 9992360632 B1.269499949
-10020 <8403 + 999170235 86,205200240
-10000 . 8300 . 999102033 91,080501574

: 210000 . 8200 . 999031340 "95. 895380305

i »10090 L8100 < 998958037 100.649811538
«10000 . 8000 . 998881984 105,343771091

' 410000 « 7900 . 998803052 TT109,977231447

i «10037 < 7800 + 598121092 114.550165713

: +10000 . 1700 .« 998635946 119.062545569

A 210009 - 1600 . 99854 T44 8 123.514341615
+10003 « 1500 « 998455420 127.905523318
110030 < 7400 . 938359671 132.236058954
+10060 . 7300 . 998260000 136.505915543

R »10330 . . 7200 < 995156189 140, 11505878%

«10030 . 1100 . 398068007 . 144, 863452988

i .10000 <1030 . 997935208 148.951060983
<10000 2 6900 4997817518 152, 977844 04%
+10020 .6800 « 997694660 156, 943761929
«10000 « 5700 597565324 160.846772455
+10000 - 6000 . 597432181 164.6928317%68
~10300 <6500 . 997291877 168,475094038
410090 < 6207 L 997145028 172.197911395
»10000 5300 996991224 175.858833797
.10000 <6200 2996830020 179.458608905
+10000 <6100 +996660935 " 182,997181938

szt | ' '



1.40000

E_USER IN THESE CALCULATIONS WAS

+ 02000

f K USED IN THESE CALCULATIONS WAS

12771

.- e e s ———————

i MAGH NUMBER FeiPlL (/0 (FEET/INLHES)

T AR 11113 [T T T EREE RN SRR
i -10000 - 6000 - 99£483449 186.%4T4495524
[ < 10000 .+ 5900 2956296597 - 189.890489538
- 210020° . 5800 . 996100968 153,245100910
<10000 <5700 < 995894658 196,538263480
+10007 %5600 . 995877464 199,769907669
<10900 <5500 2995448478 202.3399804%5
! <10000 - 3400 299520888 206, 0443449578
- .10000’ + 5340 2954951734 309.094980276
«10000 « 5200 . 994682010 212.079781089
: «10020 L5100 2994396582 215.002657475
] «10003 =5000 « 994094215 217.863514507
i L10000 -5900 < 99377354% 220,662251894
«10020 » 4800 « 993433079 223.398763557
= <10000 . %700 4593071160 T 226,012937234
-10000 « 4500 « 952685960 278, 684653954
< L0004 . 5500 2982275457 2317232787531
10007 < 4500 2991837382 233, 7120203960
— -10doo < %300 . 991369248 2364143760814
i 210000 <4200 - 990868255 238.504306521
e 213030 L4100 » 590331279 240.801679569
i -10000 . 4000 .989754818 —_243,035707681
‘ 210000 - 3900 . 989134939 T 245.206206857
-10000 . 3600 - 988467210 247,312980320
.10000 3700 . 387746827 249355817361
-10000 3600 2986967517 2514335492043
-10000 -« 3500 - 986123438 2534248761767
=10009 +3400 < 985207043 255.098365673
<10020 <3300 < 984209937 256.883022861
<10007 « 3200 983172468 258602430397
f <10000 + 3100 - 981933539 260.256261099
r +10090 = 3000 s 980630315 " 261,844161048
I .10000 2903 L879197898  —363.365745621
i <10300 - 2800 . 977618917 264.820602381
! <10008 + 2700 <975073027_  366,204215613
v «1G000 L 2600 2973936337 26 7,528274457
; «16020 2500 S9TLT80561 T 26H, 744062593
T .10000 2400 «P693721417 T 269,963054462
+10000 2300 2966670973 2717078610979
«10000 - 2200 2963628899 272.120031747
210000 -~ 2100 L 960147733 2735092550777

-

92-81



e

1IN _THESE CALCEHM ATIONS WAS « 02000

USED IN _THESE GALGULATIONS WAS 1.40000 E_USED .
MACH NUMBER P2/PL T2/11 L/D (FEET/INCHES) PAGE 27
e e e e R R ek Lt A etk *lﬂtt##**#####*##t
.12080 - 2000 .9562767640 273.993328747
.10030 . 1900 .951809350 2744821446501
210000 . 1800 < T4 E6 78549 2 75,5158 760%
210044 «1700 . 940753180 276, 2555082308
] -10000 L1600 933866647 276.859302511
! .10039 +1500 .9525811418 277.385758313
! .10000 1500 .9i6321862 277.833550540
' =1G030 «1300 .9050609]16 278.201189432
I 10050 L1200 .891592145 278, 487115565
; -10000 L1100 L 875349343 2T6.689738942
P «10000 « 1000 .B855592347 278. 807505537 A
0 2100690 L0514 . 835006400 Z718,839831458 MAX /D — CHOKED FLOW CONDITION AT EXIT
i
{
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1
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i
T ™
¥y b
Pes o3
@ ey
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e

K _USED IN THESE CALCULATIONS WAS 1.40000 F _USED _IN THESE CALCULATIONS WAS 02000
- n
T - .
; .
i MACH NUMBER § PZ/PL 12/ T1 L/D (FEET/IN@ES] PAGE 28
Y ERRBR FTELL] AW o R R G B .
; + 12000 1.00G0 1, 900004500 - 006000000,
-« 12000 . 5900 . 999941866 4,029780378
- 12000 - 9800 9F98BI95T 8.017628752
L - +12000 + 9700 1599820201 11.963529537
""__'““12000 . 3600 999758522 L5 v 7449231
“.12030 + 9500 L 96969083F 19.725432102
TTTTTL12000 <9400 V999623003 230549402404 i :
TTTTTTU12000 29300 : £9995531 ) 27,327383900 -
12000 - . 9200 . 999480885 31.063299846
L12004 .9_{1)00 .992226233 gg._zggé;gggg
212030 - 9000 . 999329213 .
l " 1z020 < 8900 + 999249551 42.0LB778754
T L1z000 - 8600 .+ 99916718% 45, 586434001
120007 T8T00 L 999081989 59.111971488
.lzogg « 8600 .333993335 52.595370903
; 120 - 8500 s 998902585 656.036611244
212000 . 8400 » 998808091 59.435670793
T L12000 > 5300 V998710200 62.792527073
y +12000 . 8200 V998608745 . 66.107156821
212000 . 8100 L 998503553 69.379535951
: .12000 . 8000 j . 998394438 12.609639517
‘ ‘ 212000 . 7900 1598281205 T5.797441646
. .12000 . 7400 2998163642 78.942915548 §
. _.l2000 L7700 V9980415287 82.046033415 .
frem—"12000 . 7600 . 997914625 — 85.106766402
212000 < 7500 . 997782680 884125084584
12000 . 1400 L 997645424 91, 100956802
: «12000 + 7300 997502569 942034350808
I 12006 « 1200 L 997353B08 96.925232998
. +12000 L7100 L99TI988Y0™ 99, 773568437
212000 . 7000 997037225 102.5793207689
212020 6900 CO9b8686TS 105.362452228
o 12000 . 6800 C996692756 1087062923327
212000 L6790 L 9965090337 7 110, 740693045
212000 - 6500 - . 996317040 NTd.375718561
T W12000 6500 L996116276 }15 9{1:7955209
T 12000 26400 L995906201 T 118.517356267
12000 L6300 . 995686233 121.023873323¢
.12000 6200 . 995455743 123.%4B7455238
12000 L6100 L9952140537 125.9080488651

e

8281



p
i

IN_THESE CALCULATIONS WAS

LK _USED JIN _THESE CALCULATIONS WAS 1.40000 E _USED + 02000 i
7
b :
T WACH NUMBER PZ/PL 12711 L/0 (FEET/INCHES) PAGE 29
T T ok Ak MR R AR R [T FTY FEEEARAIR LR R R RRA
S ¥-1:F: 11 .+ 6000 . 994960430 128.285598500 .
+12000 - 5900 < 594694079 130, 620045887
212000 « 5800 + 994416140 _132.9111329935
i .12000 . 5700 . 994119677 135.159386611
<12000 + 5600 . 992809674 137.364146735
: .12000 . 5500 . 593483028 139.525545 776 _
i 212066 - 5500 2993134527 141.643503€33 .
; .12000 . 5300 - 992774861 143, 717944394
.12000 - .5200 992390590 145.748786078
f <12000 » 5100 2991984138 147,735942356
.12000 -5009 .991553779 _149,%19322245
=12000 <4904 2951097616 T151,578829779
212000 - 4800 . 990613560 153.434363652
i -12029 <4700 < 990099310 155.,245816829
: <12000 < 4600 . 989552326 157013076118
! Ll2000 L4500 . 986969795 158.736021 703
: » 12000 « 4400 + 988348601 1604414526657
{ .12000 « 4300 - 967685219 162.048456371
: 212000 . 4200 . 986975974 163.637667961
L1zodo 24100 « 9862163856 —1%65.162009608
. .12000 + 4000 . 985401703 ~ 166.541319833
! »12000 3900 - 984526533~ 168135426718
.12000 . 3800 . 983584816 169.544147015
| 212000 . 3700 . 582569725 170.907285223
«12000 23600 - 381473548 172.224632527
+12000 . 3500 + 980287548 173.%95965656
2120040 » 3400 < 979001797 174.721045632
.L2004 . 3300 « 77604585 175.89961638%
212000 23200 . 57T6084178 T77,031403254%
.12000 . 3100 s 14424545 178.116111286
L12000 3000 2972609015 T 179.15342352%
12000 . 2900 +9T061TEEY 180.,142998941
<12000 . 2800 «G6E42 8247 181.084470350
.12000 L2700 2966013544 1817977442088
<12000 L 2600 s 963352666 1825821487545
.12000 . 2500 < 960379123 183.,616146533
.12000 . 2400 + 9570799027 IB84.,360922553
«12000 . 2300 2953394073 185.,055279979
-12000 . 2200 » 949261034 1854698641275
<1200d . 2107 2 544608333 186.290384351

.t = meeasa
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4 ettt D - " &

ey

(K _USED IN THESE CALCULATIONS WAS 140000 £ _USED IN THESE CALCULATIONS WAS +02000
L]
: HACH NURHER P2/l 12771 L/0 TFEET/TNCHES] PAGE ~ 30
T Y LT L] FERGE CELETT RN AN NN TR o R K
L2000 ~ 2000 « 939348902 186, 829840346
+17000 - 1900 « 933377568 187.3 16291925
+ 12000 - LAGO . 976566807 187740972873
12000 1700 L 918160075 TE8 127089208
+12000 « 1800 « 09766554 TBa,%49723453
$12000 . 1500 . 899349751 188.716041603
.12000 « 1400 - 867216647 188.925107301
212000 ~1300 - 873001845 189,85760027832
»12000 . 1200 s 856247505 189. 167841355
.12000 L1130 - 836379657 189.15961%782
»12000 <1097 < 835733333 189.19%9841645 MAX 17D - CHOKED FLOW CONDYTION AT EXTY

e ;A ———— e
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[ LI

. (o il e

[ USED_JN_THESE CALCULATIONS WAS ]+ 40000 F_USED IN THESE CALCULATIONS WAS « 02000

| MACH NUNBER P2/Pl Te/TL L/D (FEET/INCHES) PAGE___ 31
% o R R [T FTT KRRk LRk !
+14000 1. 0000 1.3400000000 - 000000000
«14000 = 5900 - 999921040 2.938768154
L 214000 29800 . 599839676 5846575413
«14000 25700 . 999755811 B. 7234075%3
«14000 < 9600 < 999659340 T11.569250081
; 214000 29500 < 999580156 14.38408783%_ 1
{ «14000 + 9400 + 999488144 17.167905307
slaguo = 9300 . 999393187 19. 920686539
«14000 " —_.5200 £ 999295147 22,642415028
+14000 <9100 + 999193901 25.333073763
«1%000 <5900 2999089304 27.992645193
+14000 . 8500 . 998941205 30.621111202
214000 + 8800 » 998869456 33.218453087
+14000 -B700 +9908753880 35.784651529 !
+14000 - 8600 + 998634305 38.319686572
= 14000 < 8500 + 998510545 40,8235371590
. «14000 . 8400 - 998382403 %43.296183257
' +14030 . 8300 « 998249671 45,7375601519 .
! 214000 . 8200 < 998112128 48.147769559 i
i +14600 -« 8107 + 997969539 504526663760 :
__<14000” . 8000 - 997821656 52.874259673 {
+140090 - 7900 2997658213 T 55.190531971 .
214000 . 7800 « 997508931 57, 475454413 1
! 214000 -7rob = 997343510 59,728999797 {
H 14000 « 7600 « 997171633 61.951139914 3
+1%000 « 7500 + 996992960 64.141845499 !
«14000 < 7400 . 2968UTT30 66.301086179 {
=14000 « 7300 2996613757 b8 428830416 '
<13000 -+ 7200 + 996412431 70.525045449 !
+14000 . 1100 » 996202710 72.589657230 {
«14000 - 1007 + 995984125 74.622750358 o
=14000 - 6900 = 995756171 78.624168005 |
=14007 < 6800 - 995518308 T8.593911848 {
214000 <6100 + 995269957 80,531941977
«14000 < 6600 +» 995010496 82,438216819
.14000 - £500 . 09%739258 84312693038
h‘%‘%_—.uooo . 6500 < 994455518 B6.1553256443
i «14030 <6300 + 994154507 §7.966066879
«14000 .6200 « 993047388 89, T44068116
“.14000 <6100 » 993521250 V17491677730




€ USED IN THESE CALCULATIONS WAS 1.40000 F _USED IN THESE CALCULAT‘!GNS WAS «02000

¥
1.
f
: MACH NUYBER PEfPL T2/11 L/D (FEET/INCHES) PAGE 32
Ji__##aat##_ff'*:ﬁ# 238 e R ******#*B#f_ﬁ_‘f#*##
| SL4000 -6000 » 993LTIL 0B 93.206441970 )
i 14000 . 5900 . 592619998 94.889104627 j
< 14000 . 5400 . 992442668 96,5396068T8
214000 . 5705 . 3920545927 98.157687Y3%
) L 14000 « 0600 . 99T67HG1E Q9. ¥ SBBABES
i 14000 L5530 EL Y EETYH ToL.257520417
i . 14000 <5400 <990TZB1E6 102.B18734817 :
«14030 < 5300 2 960236040 T 1042307449558
14000 T L5200 L GE971l9s08 T 10H. 763586371
L14000 L5100 . GO91TI44% 107-L8706297¢
14000 p . 5000 . 0F859560% 108,577792828
214300 « 4900 2987963488 "109.535684797
. L140060 L4800 L 9H733%385 —11i.260642902 .
. .14020 4700 L 986645225 1172.5525465942

140070 24600 L 9859127510 113081134T14%
1 14000 « 450 . 985133278 1165, 036873773
i 214000 . 4400 L 984392751 T16.229026703
214030 <4300 . 933416575 117.287679954
. 14000 . 4200 . 282470057 118.512700203
214000 4l00 2981457339 119.60394b335
. .14000 « 000 29803723V 120.66126B381
214000 23900 $9T9208068 T ———121.5684507789
214000 3600 ) 2977956800 1227673495934
214000 23100 978609806 123.%230593682
- 14000 - 3601 » 975157252 Y£4.564 7990548
14000 - 3500 973588082 125.433104017
214000 <3400 911889618 1287283174217
L4000 =33007 LGI004772% 7 127.697983425 T
14007 L3200 « 968046131 § TZ27.81¥eT1430%
14000 - 3L0T . 365866315 128.670789B2&
214000 . 3004 . 963487059 Y29.32825L070
T « 14000 + 2900 =960883990 I129.95938048F
1 14000 <2800 . 958029020 130, 63980052%
{ <1400 L2700 . 354889658 13X 231232308
! <1 4000 . 2600 - 551428206 131791254367
i * 14000 . 2500 L 94T600T52 T I52.313601415
' 214000 V2400 9433559671 132J1971743239 ]
214000 22300 < 938633618 133.24328382§
.14000 L2200 » 933362752 133.649760854
=14000 2200 V927459462 134.0165685673
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}___){___USED IN THESE CALCULATIONS WAS - 1.43000 F_USEDR IN THESE CALCULATIONS WAS . 02000

_HACH NUMBER P2spL 12/71 L/D (FEET/INCHES} PAGE 33

] ##m*#f_ﬁ##*# AR A LT Tk AR AR AR
T by 14000 - 2000 2 92082%127 124. 343544104
] T .14000 . 1900 . 913337998 134625794301 :
; L4000 . 1800 < 904858568 134.874890065
[ _«l400d - 1700 +895216328 135, 078246842
AN L1 1 - 1506 <§8420%248 135.23528906¢ :
— 214200 1500 L 871573705 135.357443385

<14000 - 1400 S B57022490__ — 135.432159131 X
% 214000 +1300 - 840182915 135, 542532140

«14500 : . 1281 <B36600000 135483774916 MAX L/D = CHOKED FLOW CONDITION AT EXIT
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K USED IN THESE CALCULATIONS WAS = 7.40000 F USED IN THESE CALCULATIONS WAS  .02000 1
MAUH RUMBER PZ7PY ~TZ/TY T/0 (FEEY/INCHES? PAGE 34
i Skt ek i 1T RREFE TR o T R A S O R R
< TEQUY L. 0600 1. 004000600 - 000000600
- 18000 <9900 » 399891118 2230145889
r"‘“"“'"iteooo ¥ 380U s 99919115 4.437654]128 ;
! 216000 <9700 . 959581863 6.620710759 i
! 216000 T > JE0T = 999589730 3L 179901408 !
i .1ls000 : . 9500 T 999453074 10.915211255 |
?“““*“Tl%bdo < 900 «9993332%7 1376266250687 s i
~16000 i . 9300 = 999209595 _ T5.114127157 i
i +16000 . . 9200 999081952 - 17.177701283 '
L .16090 - 7100 « 959695017 19:2073307LF 3
S16005 S2000 . 558815997 —>1.232998278 ‘
16000 . 8900 » 998673309 23.22468617%
-16000 e L300 <9985278481 25.19237605%
16000 - - 8704 - 998377495 27196049009 1
216000 = . 8607 « 998221935 29.05568545f !
< 16000 = 8500 998060950 ""30.951245136 |
I 218000 - 6400 - GGT89829T I2. 822767343 }
i «16000 - 8360 25997721689 34.570170335 i
[ . «16000 . 8200 . 99 75%2 859 3%, 493451650
S L5000 8106 S99 7357500 36292588803 !
216000 . 8000 < 997165291 40,067557307
f‘““‘ “TT.16000 . 1300 - 956965893 %1.818332636 A
Slad00 . 1800 9967585944 437544889162 {
———— o000 - 7700 2896544064 §5.247200419 L
« 16007 . 7600 = 996320840 464925238855 !
16000 . 1500 = 996058834 48,57T8975990 !
+ 16000 < 7400 . 995867597 . 50.208382267
16000 . 1300 995594620 81,813427000
= 15000 - 1200 R EEEEFET Y 53.394078365
“<16000 = 7100 « F950533L0 54% 950303296
16000 - 70007 « 994779827 —  B6.4B8206T44%
.16030 . B0l 995484265 51.989335109 .
<16000 < 630D « I94LT5936 59.%T2069165 :
16004 6720 9938541077 £0.930230999
»16000 . 6600 <99ASTT98E T 62.35376041%
16300 . 6500 « 9531656707 63.772675558
16000 L6400 + 992799368 65.,15687287%0
116000 + 6300 « 992414976 66.516326788 ;
216000 <6200 « 992012470 574850990033
215000 MY 991590704 $9.160813129
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K USED IN THESE CALCULATIONS WAS 1.40000 F_USED IN THESE CALCULATIONS WAS = 02000

£

i e Tak e ——waan

MACH NUMBER P2/P1 T2/71 L/D {FEET/INCHES) ; PAGE _ 35
T Kook e e 1111 FRTERR TR AR R R
.[&p30 <6000 -9911484381 70,445744%60 .
216000 . 5900 - 950684344 71.705730117
=16000_ . 5800 =990196965 72,940713768
T ".18000 L+ 5700 . 989684138 T4.150636515
14000 « 5600 . 989145963 T5.335436752
«16000 3500 L 588578794 764495049952 _
i LL6000 - 5400 .587981723 77.629408600 .
: +16020 .5300 29871351064 78.738441903
. 16000 - 5200 - 986685934 T§.622075642
[ .16000 . 5100 . 985983229 80,680231952
L <16000 . 5000 - 58524010% 8]1.912629091
— .16000 .+ 4900 298445341 82,919781199
216009 4800 . 583619823 83,90099803%5
: 1600 24700 2902735453 84.856364695
T is0ad L4600 L GB1T796319 85,785641313
~ -16000 4500 L 9B0T9TT4% 85, 689262739
{ .16020 - 4400 < 919736740 " T B7.566518189
«16000 - 4300 < 9TE601740 — Ba.417550880
18000 . 4200 = 9771392580 89,242177633
T .16000 L5100 2976100412 90, 040288449
[:""““'".16000 . %000 914717618 _90,811746056
«16030 3900 . 3732351705 91.5506405433
i -16000 3800 - 971645148 92.27411329%
' .1eaao .3700 . 369935437 93, 964707552 -
+16000 = 3600 2968094537 §3.628016743 P X
‘ .}aooo . 3500 < 965109079 94.263859421
il T L16000 <3400 - 9539563548 94672043547 ,
L .16000 .3300 - 361642058 95.452365918 Y
T .16000 <3200 »959124053 §5.00481125% o
' . 16000 « 3100 + 956337942 964528551838 %
T 216000 - 3004 < 953408677 §57,023944685 el
T T .1s000 - 2960 - 950157649 57.490540953 ]
T 216004 . 2800 . G4 56602089 91.928065383 =
S 16004 L2708 + 342704355 98336235710 Py ad
T T.16000 2600 - 92842108% 58, 714752502 =
T 1600 . 2500 .933702166 99, 063300802 %nﬁ
-l +160JD < 2400 » 928489528 99.381550332 5
416000 . 23040 2923715662 95.669155985
T .16000 L2200 2916301849 — —§9,925758TLT
s «le000 2100 .909156028 —  — 1p0,150987435
e — . . . o - — U
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{_USEQ IN THESE CALCULATIONS HAS 1240000 F_USED IN TMESE CALCULATIONS WAS 02000
-t
MAUH NUMBER P2/P1 T2/71 /0 (FEET/INCHES) PAGE _ 36
[T T T AT ETTT1S TR A AR R
; 116007 « 2000 2901176209 100, 2654461378
TTT.16000 . 1500 . 852217360 100, 505793981
» 15000 . 1860 L BB2IATES] 100, 634598150
.16000 <1768 L 870783881 1807730493494
< 14000 <1600 -85 T916020 T30, 193116022
216000 +15G0 » B43294 7564 100,822130888
} 16000 ~ 1465 . 837600000 100,825291 157 MAX L70 = CHOKED FLOW CONDETION AT EXIT
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| K USED_IN THESE CALCULAYIONS WAS _ 1.40000 F USED TN THESE CALCULATIONS WAS. 202000
| MACH NUVBER P2/F1 T2/71 L/D (FEET/INCHES) PAGE _ 37
[ "o T el Ui e [T1TT] [TEEY] uuuuuuuut
- " .1ls000 3. 0000 1, 0046000080 =, 0500600600
f _-l8000 . 9900 -9098 70147 L. 745516132
: —.18090 . 9860 . 999736368 3.471880660
i . 18000 L9700 L 394594505 5.179379873
[ . 18000 « 5600 .999456392 6. H6T899£82
.18000 .5500 -5999309452 BJ537425559
] <18000 - 9404 - 999158699 10.137942425
N .180d0 . 9300 : - 599002740 11.819435034
| +18000 - . 9200 998841770 13.431887445
' .18000 9140 . 998675572 15.025283294
.18000 <5300 . 998503919 16,599605713
18040 . 8500 1998326572 i8,154837304
18000 . BBE0 1998143276 19.690960121,
T lsoao - 8700 2 991953764 21,207955645 )
; .18000 . B6D0 L9715 775G 22.705806 767 :
-18000 . 8500 . 997554947 24.184487750 !
.18090 . 8400 .99 7345027 25.643964213 i ‘
l" 8030 8300 L99TL2T659 T 21.084273102 §
T T.18000 . 8200 2996902489 28,50533265%
T T .lsu00 . 8100 < 296669142 29,90714037%
e .18000 . B30 : T L996427220 “_ 31.2896729%7
.13000 «» 7900 2996176299 32.652906456
i -18000 . 1800 LF95915933_ —  33,996B15843
S -1 B T - 1760 L9956456643° T 35,32137537%
o +180J0 L 71600 +995364923_ _  —3b,626558352 ;
-18000 . 7500 . 995073233 " 37.912337110
+18000 L7440 954759999 39.178682982
.18034 . 1300 + 394454609 40.425566245
.18000 - 7200 2994126409 41.552956075
.18000 L7100 . 593784761 42.860820491
+18000 - 10G0 L9934Z8THE T 454,049126293
E?E%;:: _.18000 6900 .9493057735 45,217839012 .
' +18000 <6800 L 992670825 46,366922839
.18000 . 5700 L992267104  47.496340563
+ 18000 » 6600 ) » 991845568 48,60605355%
.18000 . 6500 L991%95230 49696021397
& 18029 <6500 2990944899 50, 746202388
»18040 L6300 2990463385 51 .815552888 -
N bt 418000 26200 L989959319 —  52,84702T49% ;
Q 18009 . 6100 L989431476  53,857578911

P - [—— a—— e e e —————————n 2y = —— e ammmrrs fm e imane =t e e e mimy emmesmver ——
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;Lfﬁ USED IN THESE CALCULATIONS WAS 1,40000 F_USED IN THESE CALCULATIONS WAS i
i -
WACH NUMBER P2/P1 V2774 L/D (FEET/INCHES) PAGE 28
y LE2 [ TTT] LTI e e A Ao ok Rtk
< L80TT - 5000 . 9888748160 54,840157628
| .18000 L5900 . 988297192 55, 818712625
] < 18000 <5800 . 987688602 56.169190249
E T hl8000 25700 L 9BT0484T% 57.699534094
i L 18007 +5500 + 986315935 58.6096B85871
! .18000 <5500 < 985664137 59.499584468 :
S -1+ 1: ] 5400 . 984927573 60, 3651468007
; . 16000 . 5300 . 9841373%9 61.218343E61 ’
O .180%0 . 5200 . 983308818 52.047107538
S 18I0 25100 2962434015 £2.855324453
+18040 . 5000 . 981509677 63,%4293 7761
.18000 44500 . 980531858 B4,40586T15%
L 18000 . 2300 L 979496490 657156020447
L L18000 L4700 . 978399074 6548813233344 H
| +18000 <4600 = 977234635 66,585689221 {
! «18020 B850 « 975997711 67.26899683% .
18000 S G600 L 91468229% 67.,931160076
'S . 18000 <4300 373281755 58.572065697 B
! .18000 . a2 UT Lo 7{78873% 69.1916029856 i
/ . 18000 24100 SIT0L9513E T §9.789653472 !
- —.18000 . 4000 L 968431946 T0.36609258§ .
T .l18000 . 3900 . 956669145 "70.920789328 :
r"' . L.18000 <3800 L96&TISSES  11.453609939 i
r . —.18040 - 3740 . 962618825 i 964397461
T .18000 <3600 w980364957 " T2.%453011463 !
T .18000 «3500 . 9‘5793840’6"‘"’“—"‘“— 13919281617
— 18000 V3400 L 955321862~ 13,363057355 . l
18000 - 3300 . 952495064 : 73. 784143509
=18000 <3200 2 549436414 T4, 182359993
18000 <3150 « 946120837 T4.557501si6
<18000 3000 2942519327 14.909393323
18000 <2500 5938600235 747237791128 .
18020 = 2800 + 934326862 75.542480968
T .1B0JO 2700 2929656742 75.82322593%96
T L3000 <2600 . 924542802 76, 079793761
T L.18000 2500 4518929374 16.311922785
P .18090 « 2400 . 912754013 16, 519357472 4
I~ _.l180%0 +2300 S 90594301 T T8, 701632443 o
T .18000 «2200 =8908415286 T 76,859077825
v 18000 . 2100 . 890071178 T6.9908214825

8E-81
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1.40C00 F USED 1IN THESE CALCULATIONS WAS __+ 02000 .

K _USED N THESE CALGULATIONS WAS

MACH NUWBER Pa/PL T/ T L/0 (FEET/INCHES) PAGE 39
ST T RO R % 4 R RN RN N2 AR R
[ .1g0600 L2000 . 880795222 T7.096T54164
18000 -1900 « 870468907 17.176730581
.18009 . 1800 < 858928401 77.230378624
18000 L1700 - 846000811 17,257505032
18007 L1648 - B838733333 77,261060350 MAX 1./D - CHOKED FLOW CONDITYON -AT EXIY
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K USED IN THESE CALGULA “T
— MALH NUMBER FTL KETAS! /O (FEET/INCHES} PAGE 40
ERT R R LIk [(ZIET] B R K A AR 3 5 2 B A R
N - 20000 1.0000 1. 000000000 —. 000460000
. L 20500 -9900 - 999850176 1.398351486
T L20000 . 3850 L 9996715552 21612468656
) 20000 =9100 . 999505902 4,143674196
= 20800 9610 < 9993310%% 5.500626167 -
' - 20000 = 9500 . 99915078F 6,837076385
220000 <9400 9989646864 8. 1558020211
L 20000 = 9300 L 99BTT3059 9.553436571
20000 <5200 . 998575120 10.753311941
220000 9100 . 99837078% 12.027630329
L 20000 . 9000 99059773 13.28637525%7
»20000 - B0 997941197 14.5295297%9
. 20000 . 8800 - 2971116546 15.757076255
T .20000 kL] 2997483697 14, 968996774
= 20000 L B500 997252905 . 1ALTE5272859
f——'-“""zoooo THE00 2 996993H0Y  — — 15.3458844635
20000 L5400 L 936738024 20,5108Y20932
.2000°7 . 5300 9965569145 21.660037012
L20009 . 5200 L 9TEL92TAI T 2.793535758
20009 < 8100 .9959063bi 23.911287271
| «22000 < 8007 . 595609521 25.013268992
T +20000 L 7900 - 995301708 26.099457558
i 20000 L 1800 . 994982 381 2 7.169828870
P 20000 <1700 < 994550963 28,224357800
———.20030 L7600 2994306951 29.,263018650
20000 < 1500 « 993949365 30.285784613
220000 - 7400 . 9935 TTB3Y 317292627986
220000 > 1300 . 993191527 32.28352007T
2 00U] « 1200 . 992 T8YBGT EERY L CEN B LD
20030 + 1100 2 092371 34T 34,21 71330358
.20030 27000 L 99193573¢ 35.16018877Y
220000 < 6500 <99 1481852 36086564238 \
[ +20000 L6800 . 991508582 36.997431350
+ 23000 26700 . 39Q515T27 31, 492151405
T L20000 SE600 = 990000007 8. T76487323
I 20000 26580 989462058 39, 632600586
«23030 L6400 988899940 40.478451169
-20000 L6303 L9BY83L2199 41.30T99T44T
20070 Y6200 J 987697276 %2,121196155
20000 L6100 . 987053487 42.918002253
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K_USED JIN THESE CALCULATIONS ¥AS 1,40000 £ _USED IN THESE CALCULATIONS WAS 202000
o
HACH NJYBER P2/F1L T2/11 L7D_(FEET/INCHES) PAGE 51
Wl MR B R EHHAh ERARE E pF AR
220030, 6000 + 986379031 %3. 6983566910
+20000° =5%00 . 985671952 4. 462247302
«20000 -50800 2984930145 %5.209506619
»23020 5700 . 984151338 45494033390%
‘ .20004d 5600 - 983333063 %6, 655433958
- +20000 » 5500 T 2982412660 %7,351829217_
™ +20000 - 5400 2981567236 48,032459637_
.20000 « 5304 « 980613652 48,696262554 ’
»20000 7 + 5200 » 379508497 49.343172557
.20000 +5100 . 978548057 49.973121333
+2000Q 5000 2977428286 505856037523
220020 . 4500 2976244770 51.181846559
_ +2000Q - 4800 L 974992683 514760470497
| =20000 24100 L 973666747 52,321827638 :
+200600 - 2600 +372261160 TE2.865833350 '
.20000 - 4500 2370769632 53.392397875
.20000 L4500 » 963185131 53.901428128
+20000 <4300 < 967500000 54.392826494
+20000 - 4200 = 965105776 5%. 866490832
j . -20000Q <4180 - 063793115 55.322314225
. 20000 + 4000 4361751685 554760184802
I +20000 +3900 + 959570038 56,179985502
L +20000 » 3800 2957225471 56.581593861
; +20000 «37048 £ 954733664 55,964881813
! .20020 23600 952049432 57.329715486
. .20000 - 3500 - 449164811 57.67595503¢
.20000 « 3400 < 546060213 58, 00345449
-200D4 - 3300 L9ARTI VAT 58.312061658
222000 «3200 - 939100782 58.6016180%0
-20030 . 3100 -935193588 58.871958828
.20000 ~3000 - 930951028 55.122913077
=20000 = 2900 L 92635TH5T 59.354303615 :
. 220020 .2300 . 921374408 59.56594843%
-20000 +2700 + 915935493 59,757659230
B 20000 = 2600 2910000000 53.929244103
|ty +20000 - 2500 2903509772 60.060507629
20000 - 2400 . 896396559 604211252408
8 % «20099 . 2300 . 888550767 60.32102680838 -
EE‘E{ +20000 - 2200 . 880000000 £0,410397421 ]
L20000 .2100 « 870527368 60, 478411667
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K U_§§_D IN THESE CALCULATIONS WAS 1.40000 F_USED IN THESE CALCULATIONS MAS 02000
I .1 MACH NUMBER P2/P1 T2/T1 L/D (FEET/INCHES) PAGE 42
h 7 AR ke A R AT T XT3 Todk R % A AR R RCTER AR
.2q‘0_T)o « 2000 « 860059523 604525141717
«20070 <1900 < B4B966422 60,550418849 .
«20000 +1B33 « 840000000 60, 555277008 MAX L/0 ~ CHOKED FLOW CONDITION AT EXIT
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CONCLUDING REMARKS

The tabulations presented in this paper are applicable
for the cases of compressible isothermal flow with friction
and compressible adiabatic flow with friction. The
tabulations are applicable for air, nitrogen, oxygen, and
hydrogen.

The tabulations can be utilized in determining pressure
drops in long or short runs of pipe. In conjunction with the
weight flow -equations the tabulations can be utilized in
determining the pump up time of storage vessels with long and
short runs of pipe.

The tabulations presented cover a wider range of Mach
numbers for choked, adiabatic flow than available from
commonly used engineering literatures. Additional
information presented, but which is not available from this
literature' is (a) choked, adiabatic flow over a wide range of
Mach numbers and (b} choked and unchoked isothermal flow for
a wide range of Mach numbers.
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