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THE MARK II RE-ENTRY PROGRAM 

F. M. Chadwick, L. T. Grwg* 

ABSTRACT 

Th« Mark II Ra-entry Program coaputwa *«ro aagl* httaak 

ballistic trajectoriea of vehicio* which antwr tha aarth’a at»aa- 

phara. Forças acting on the vehicle du« to the atmosphere, winds, 

and gravitational attraction of the oblate earth are cowputed. 

The reaulting accelerations are suamed and numerically integrated 

by aeans of Obrechkoff integration formulae to obtain vehicle 

position and velocity. 

I. INTRODUCTION 

The Mark II Re-entry Program was developed for the rapid, 

accurate simulation of freefall re-entry trajectories where the 

assumption of a sero angle of attack throughout re-entry is ade¬ 

quate. From the basic input of an initial position end velocity, 

the program computes the accelerations on the re-entry vehicle 

due to the atmosphere, winds, and the gravitational attraction 

of the oblate earth. These are summed and numerically integrated 

to ^kbain vehicle position and velocity. 

The differential equations of vehicle motion are integrated 

by mewm* of Obrechkoff formulas which employ the function and its 

derivativ«« at two points. Use of higher derivatives in the 

GENERAL DYNAMICS/ASTRONAUTICS 
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integration procesa decreases coaputer execution tiae by a factor 

fifteen by reducing the nuaber of integration ateps required 

to obtain a given end point accuracy. 

The prograa ia coded in FORTRAN. Aa a basic subprograa in 

the VfriCTRAN systea (i) it consists of a nuaber of subroutines 

which are coded independently. The prograa aay be eaployed either 

independently or as a subprogram in a larger powered flight siau- 

lation. 

The aain portion of the program was developed by the senior 

author and is based on earlier work done by the Flight Performance 

and Guidance Analysis Group. A description of the previous 

re-entry simulation may be found in reference (2). The prograa 

was coded and checked out by R. Bowen. 

GRNFKAL DYNAMICS/ASTRONAUTICS 
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II. GENERAL DISCUSSION 

A. Progra» Structure 

A flow chart of the overall structure is give*1 in Figure 1. 

As shown, the program consists of the following subroutines or 

blocks : 

1. Oblate Gravity 

2. Atmosphere and Winds 

3. Aerodynamics 

4• Intégrât ion 

5. Time Step Control 

6. Flight Path Parametera 

A brief discussion of each subroutine will now be given. 

Complete details, with all equations and flow charts where appli¬ 

cable, will be found in Section III. In the Appendix a list of 

program constants and tables for atmospheric parameters are given. 

1. Basic input consists of an initial position vector, 

Ro, and velocity vector va, in canonical units and 

referred to an earth-centered inertial coordinate 

system (defined later). Additional input data, such 

as nosecone coefficients, atmospheric model desired, 

etc., are described in the Appendix. 

2. The gravitational acceleration, gci* and its time 

derivative, g are computed in the Oblate Gravity 
© X 

block. Provision has been made for including the 

GENERAL DYNAMICS/ASTRONAUTICS 
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effects of the central force and the force* due to the 

second, third, and fourth harisonic teriss. 

3. A standard atmosphere and winds model is used to 

compute various atmospheric parameters such as Mach 

no., speed of sound, dynamic pressure, etc. and their 

time derivatives. These quantities are then used as 

input to the Aerodynamics block. 

4. The acceleration due to the atmosphere and winds, *ci* 

and its time derivative, a^, are computed in the 

Aerodynamics block and used as input to the Integration 

block 

3. In the Integration block three operations are per¬ 

formed; summation, prediction, and numerical integration. 

a. The aerodynamic and gravitational accelerations 

and their time derivatives are summed to yield 

the total acceleration, * ani* i*8 time de¬ 

rivative, ãiBi. 

b. The Time Step block is then entered and the 

integration time step,At, is computed. 

c. Control is returned to the Integration block 

where a linear prediction of a^ at the next point 

on the trajectory is made; äBi at the next point 

is set equal to the previous 

GENERAL DYNAMICS/ASTRONAUTICS 
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d> The predicted values of a^ and a^ are nuaerically 

integrated to yield position, ,, and velocity, 

V«i * The inteKr4,t1011 successively repeated by 

looping through the acceleration coaputations until 

a convergence is obtained. A comparison of the 

velocity magnitudes from succeeding iterations 

with a preset tolerance determines the convergence. 

Use of the Obrechkoff formulas, which employ higher 

derivatives allows the use of large time steps 

without serious truncation error. For example, 

the number of integration steps necessary to com¬ 

pute a re-entry trajectory from an initial altitude 

of 285,000 feet has been reduced from 572 in an 

ssrlier simulation to 39, i.e., by a factor of 

fifteen , 

6. The integration step size, At, is generated for each 

integration step by comparison of | I with control 

parameters which are based on a nominal re-entry tra¬ 

jectory. This allows smaller time steps to be used 

for periods of rapid deceleration. 

7. The geocentric latitude, longitude, and flight path 

«re computed and output at each integration step. 

Following these computations an advance to the next 

integration cycle is made. 

GENERAL DTNAMICS/ASTRONAITTICS 
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8. The entire process described above proceeds until a 

test determines that Rai lies within the earth. An 

impact routine then determines the negative time step 

which is used to integrate back to the earth's surface. 

Basic output of the program consists of R^., , a^ ^ 

and the time, t , at each integration step. These are 

printed out in standard British units: feet, pounds, 

and seconds în addition, the flight path parameters 

and atmospheric parameters are computed and printed 

out at each step. 

B. Units and Coordinates 

The computations in the program are performed in canonical 

units and geocentric inertial coordinates, defined as follows 

1. Canonical Units 

a Unit of mass * mass of the earth, 0,4097570231 

X 1024 slugs. 

b. Unit of length = the mean equatorial radius of 

th. 20 926,010 feet (Ref. Army Map Service 

Ellipsoid). 

The product of the universal gravity constant 

and the mass of the earth, GMg, is set equal 

to one , 

Unit of time = that necessary for Newton's Second 

Law of Motion (F = Kma) to be satisfied with a 

GENERAL DYNAMICS/ASTRONAUTICS 
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constant of proportionality, K, equal to unity. 

The canonical unit of tiae is equivalent to 806. 

8272479 seconds. 

2. Inertial Coordinates 

The ff*°c*ntric inertial coordinate system is defined 

as follows: the origin is at the center of mass of 
• 

the earth; the w axis is directed through the reference 

point, i. e., along the initial position vector; the u 

axis is in the plane formed by the initial position 

and velocity vectors, its direction making an angle 

Pi measured clockwise from the direction of due east 
at the reference point; and the v-axis is directed to 

form a right-handed orthogonal system. This set of 

axes is indicated in Figure 2. The system does not 

rotate with the earth, i.e., the direction of its axes 

are fixed in inertial space. 

GENERAL DYNAHICS/ASTRONAUTICS 
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* Angular spaed of 
rotation of earth 

ß( c Initial aaiauth 

FIG. ? - The Geocentric Inertial 
Coordinate Systea 
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III. DETAILS OF THE PROGRAM 

In this section all details of each subroutine will be dis¬ 

cussed. A detailed flow chart of the logic which connects the 

various subroutines into a re-entry siaulation is also given. 

An additional subscript of (n) or(n-l) has been added in certain 

places, where (n) refers to a point on the trajectory and(n-l) 

refers to the previous point. 

A• Oblate Gravity 

This subroutine computes the gravitational acceleration 

of the oblate earth on the vehicle, and its time derivative, 

•• • function of position and velocity and the oblate spheroid 

paraaeters Input consists of the vehicle position and velocity 

vectors R^ and v^ and the earth's angular velocity vector, ¿3^^ 

(in uvw coordinates). The prograa constants are: the product of 

the universal gravitational constant and the nass of the earth, 

(equal to one in canonical units); the second, third, and 

fourth haraonic teras of the oblate ear+h gravitational poten¬ 

tial, C^» and the equatorial radius of the oblate spheroid, 

R_ (equal to one in canonical units), 
o 

The sequence of coaputations is as follows: 

1. Î 
® ¿ mm 

-- (unit vector in the direction of Wei) 
|£>ei| 

2. cos 0 * ï 
fiai 

(where 6s geocentric eolatitude) 

GENERAL DYNAMICS/ASTRONAUTICS 
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-C0(R )2 15C_ ( R )3 co»® C (R )4(28 co»20 -12) 
2 o 3 o » o___ '2'"o' ~ 3 o 

3. N’ = -5- ♦ -T" 

(R 8(R J ■ 1 ■! 
8(R_.) 

3 C (Ro)’ 
4. ÄP' » N'R . cos© - -5— 

-1 8(R .)2 ■ 1 

5. Q' 
C_(R ) 2( 5 cos*0-l) C_(R )3(35 co»3© -13 co* © ) 
2 0 __ 5 Q______ 

2(R . )‘ 
mi 

C. (R )4(63 CO»4© -42 CO»2© >3) 
4 0_ 

8(R-i>4 

6. K ei (R )3 L #.i - « ».i - Ap, ] 

7 » Q' 

■1 

C2Ro 

(R ,) . ■i 

( 10 co»*”© -1 )fi . -f 
■1 mi - 5(1 

R.i 
w«i 

15C-R ' 
3 0 

8(R ,)' 

(14 co»3© -4 cos ® ^Raii *^,4 

"mi 

- (7 co»2© -1)(1 (t) »1 • ’.i»] 

SC^R 4 0 

2( R V 
mi 

(42 co» Ô —21 co» 6 ♦!) 

- (21 co*3© -7 co»©) 
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2 
2C»R 

8 • ¿r' " (1v,.i-ï.i) (N,) ‘ 77-7 cose 

ISC.R ' 
5 O 

8(R .)' 
mi 

4co.29{K^mi) 

c,.« 4 o 
4 r 

“».ii8 

3C3»o 

“».i» 

(42cos30 -12 cosí) (5^.ïBl) 

<".i-î.i) 

9. g 
gme 

«* lR ,)3 ■ i 

V .(Q* - 1) 
■ l [(1 - t*Ki 

(Rmir 

- ^p'i utei J * »«i®' At"l tüei ] 

10. Output: ge , fei 

B. Atmosphere and Relative Winds 

Computation of the vehicle altitude, h, and the atmoaphere 

parameters a, X , M, q, VRi, and their time derivatives is 

accomplished in this subroutine. These quantities are 

GENERAL DYNAMICS/ASTRONAUTICS 
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required to conpute the aerodynamic acceleration, *ci» •nd 

X 
it« time derivative, a . c i 

A test on the altitude determines if the re-entry vehicle 

is within the atmosphere. The limiting altitude of the 

atmospheric models employed is 300,000 ft.; however, this 

may be changed if desired. If the vehicle is not inside the 

atmosphere the remaining computations are bypassed; 

and ä will be computed as zero in the Aerodynamics block# 
c i 

There are two atmospheric models svailable for use in the 

program the ICAO Standard Atmosphere and the WADC Tropical 

Atmosphere.<3*In each model the speed of sound, a, and the 

static pressure ratio, X , are computed as functions of h 

from table look-ups (T.L.U.). At altitudes greater than 

100,000 ft. (for X) and 155,350 feet (for a) the models 

are identical. 

The wind speed. , is obtained from a linear interpolation 

in a T.L.U. with h the argument. Values used are from the 

Sissenwine 1% Wind Profile. They are subject to change 

as improved knowledge of the atmosphere is obtained. The 

wind angle, ßw, measured positive clockwise from local 
south (eq. 13 below), is considei ed constant throughout 

re-entry, except in post-flight simulations where exact 

GENERAL DYNAMICS/ASTRONAUTICS 
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values for an actual flight are available and are input as 

a T.L.U. Any desired value for ßw may be specified for a 

pre-flight smulation. Note that when ßw . 0, the wind is 

froa north to south. 

It should be noted that the re-entry siaulation aay be per¬ 

formed without the effect of winds; i.e., the winds coaputa- 

tions aay be bypassed. 

Input consists of » “„j (either predicted or froa 

the preceeding iteration), ¿j . (the earth's angular velocity 
ei 

vector), cos 9 (9= geocentric colatitude, computed in the 

Oblate Gravity block), and ßw, the desired wind direction. 

The sequence of computations is as follows: 

1 • ” ¿Jei x where * velocity relative 

to a rotating earth 

referred to inertial 

coordinates. 

2. R = • . AB ... , radius of the oblate 
J „2 7~2 I2T 2~ 
YB ♦(A -B) cos 0 

spheroid, where A fc B are the semi-major and seai-minor 

axes, respectively, of the oblate spheroid. 

3. h 3 (ft ^| - taltitude of the vehicle 

GENERAL DYNAMICS/ASTRONAUTICS 
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4 Test: h>ho? If yes, output , R^, and h and exit 

the subroutine. If no, proceed. 

5. h 

6- a = a (h ) = C ^C.h where a * speed of sound aa a 
o 1 

function of h froai a 

Table Lookup (T.L.U.) 

C , C = constants 
o 1 

7„ à = Cj h where = A a/ûh 

£ a, Ah a differences froai the T.L.U. 

8. k1 * kx(h) where k^ k2 = constants as a function 

of h from a T.L.U. 

k2 “ 

9. A = k^e k2h Static pressure ratio 

a 

10. A = k2Àh 

11. y 3 V ,, (h) Wind speed, froa a T.L.U. with h the 
wi wi 

arguaent. 
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12. V n 
wi A h 

13. 

14. 

15. 

Angle of wind with respect to a local 

XYZ system (defined in equation 15, 

below) from a T. L. U. or as input data, 

(in which case P. is a constant). 

-( sin 8 I + cos 0 ï + 0Ï ), the unit vector in the 
r w X ' w y * 

direction of the wind. 

where i 
X 

r. . X R . 
U) mi 

16) e i I 
•« 

R . 

m. 

ï =» ï X r 
T. X y 

16. V . « V .r . wi wa wi 
Velocity of the wind relative to the 

earth (inertial coordinates). 
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18. V 
w i 

V ï 
W 1 Ml W i 

ï 
W i 

19, X V 
mi 

20. velocity of vehicle relative to 

the wind (inertial coordinates) 

21 . 

23, 

24 . M = 
Mach Number 

X2 
t M dynamic pressure 

The dynamic pressure is not used per se in subsequent 

computations; however, it is computed and printed out 

as a useful performance parameter. 

26. Output: R^, h, a, á, A » Ã , vRi» «i* ^ * 

If the simulation is to be performed without the effect 

of winds, equations 11-18 are bypassed, and equations 

GENERAL DYNAMICS/ASTRONAUTICS 
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20 and 21 reduce to : 

20. 

C. Aerodynawica 

The axial drag coefficient, C_f the aerodynamic acceleration, 

a ., and their time derivative» C_ and ã . are computed in 
ci D ci K 

this subroutine- A rational fraction in Mach No. is used 

to generate Cp and Cp. 

• # • 

Input cons ists of: a, a, A . A , VRi, VRi, ŸRi, VRi, and M from tte 

Atmosphere and Winds block (see p< 14 for definition of 

symbols); S, the maximum effectue cross-sectional area of the 

re-entry vehicle; W, the weight of the vehicle; and the 

nose-cone coefficients, a and b . 
* vJ 

The equations are as follows: 

1. IyRi « — , unit relative velocity vector 

I *1.11 

¿ •i"1 
i *o 2. Eb HJ 

J 
JnO 

GENRRAL DYNAMICS/ASTRONAUTICS 
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4 . 

5. 

where g# = weight- 

to-mass conversion 

factor, defined in 

the Appendix. 

ci 

-1481. S 
*• -2- 

WaVg0 [ ( * XÍR1CD ‘ XVRiCD 

XVRiCD> ?Ri * < A CDVRi> ?Ri ] 
6. Output: acl» art 

D. Integration 

Three functions are performed in this subroutine: prediction, 

summation, and numerical integration. 

1. Prediction Formulae 

Input consists of ã . and ä . from the prmmdiag 
-‘(.-X) "‘(n-l) 

integration, and the time step, Át. The prediction 

is made as follows: 

l a ) a_ 

i. 
a 

i \ / i' (n) (n-l> 

(b) a . = a . 
mi. . mi, ,. 

(n) (n-1) 

♦ (a. 
(n-1 ) 

) At 
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2. Total Acceleration 

The total acceletat ion, an|^ t and its time derivative 

» on the vehicle due to both aerodynamic and gravita¬ 

tional forces are summed in this block. Input consists 

- i 
of a and a_ from the Aerodynamics subroutine, and 

V 1. Cl 

« 4 
fc«. antl * , from the Oblate Gravity subroutine. The e i e i 

equations are 

a = a . ♦ R 
mi ci ei 

a 
m i 

a 
ci e i 

3. Obrechkoff Integration 

Input consists of R « ^ .i » • ^ » «nd 
"'(n-l) "*(n-l> -‘(n-l) 

• A 

a from the proceeding integration; a and a 
(n-1) (n) —i(n) 

from either the prediction block or the total accelera¬ 

tion block, and the integration step size, At. The 

equations are: 

T1 
120 
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Further description of these formulas may be found 

in reference (s). 

E Time Step Control 

As seen in the flow chart, Fir 3, this subroutine is almost 

entirely a series of tests on la . | to determine the 
I mi , , « 1 ( n-1 ) 

step size, At The control parameters A, B, C, D, E, F 

are based on a nominal case of an atmospheric re-entry, 

and are listed in the Appendix Values for At range from 

1 to 20 seconds Since the time ¿tep is a function of the 

preceding |a | smaller integration steps are used for 

periods of rapid deceleration. 

It should be noted that At, as determined from the series 

of tests, is generally not the "optimum" time step. Further 

in the program a comparison is made of |a . I and Is , (, 
■x(n) 111 (n-1 f 

and if necessary, the time step is halved and a new a . and 
ml(n) lHn) 

are predicted from the new time step. For the nominal 

trajectory from which the control parameters are taken, 

At is near-optimum; for non-nominal trajectories it is 

slightly off optimum. The difference is small and yields 

suitable results with a simple scheme which has the advant¬ 

age of greater reliability over more sophisticated prediction 

schemes 
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FIG. 3 - Ti** 5t*p Centrol Subroutin* 
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F. Flight Path Parameters 

This subroutine provides continuous in-flight computations 

of the geocentric latitude, longitude, and flight path angls 

of the re-entry vehicle Input consists of the position 

vector, R ,, velocity vector, v , the earth's angular 
mi mi 

velocity vector CJ , the time, t, as measured from the 
e i 

beginning of the trajectory, and the longitude, ^» of 

the reference point- 

1• FIight Path Angle 

y = sin 
-1 

v . . R 
mi mi 

R 

measured positive for 

the velocity vector above 

the local horizontal. 

Geocentric Latitude 

/*# -1 a. y) ~ sin 
k 

i * 61 ei 

|6mi f £ ei| - 

b. Test: sin ^ positive? If yes. position is in 

the Northern Hemisphere. If no, position is in 

the Southern Hemisphere. 

3. Longitude 

a , 
Cdei t 

i * I* 
|6>ei| 

(0,0,1) 
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AA * cos -I 
1 X 1 
We J km i ï i * ï w ei i 

* lkmi| ei * | 

c. Test sign oí u -component of R : if positive, 
mi 

position is in the 1st or 2nd quadrant. If 

negative, position is in the 3rd or 4th quadrant. 

v / 
d. Compute AA : If position is in 1st or 2nd quadrant, 

AA = - AÀ . If position is in 3rd or 4th quadrant, 

^ A * /3 A . 

Í Compute Aji the longitude of the position vector: 

Aj* A0«-aA*+ CJet 

where u) ^ ~ earths angular speed, 

g. Test: is A j positive? If yes, longitude is west 

of Greenwich. If no, longitude is east of Greenwich. 

G’ Program Logic 

The flow chart in Figure 4 illustrates the way that the 

various subroutines are joined to lorm a re-entry simulation. 

As indicated by the dashed lines and Roman numerals, the 

logical structure may be broken down into four principle 

sections. Note the change of subscripts from (mi) to (n) 

and (n-1). where (n) refers to a point on the trajectory 

and (n-1) refers to the previous point. In the flow chart 

the subscripts (k) and (k +1) refer to successive iterations 

within one iteration cycle. 

GRNFRAI. OYNAMICS/ASTRONAUTTCS 
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i. Section I - Main Control Block. 

THih block accoiapl iahe« the followings 

a. The start procedure, or setting up of initial 

conditions from the input data for the first 

integration. The basic input of and is 

used to compute a and a (the acceleration and 
o o 

its time derivative at the initial point) by use 

of the oblate gravity, atmosphere and winds, and 

aerodynamics subroutines. 

b. Switching control to the time step and prediction 

subroutines . 

c. Control of the integration process, which involves 

an iteration. The iteration is continued until 

a test indicates that convergence has been obtained. 

The flight path parameters are then computed and 

an advance is made to the next integration cycle. 

d. Switching control to the Time Step Limiter, Section 

IV, by means of an iteration counter. 

e. Control of the output. Output is printed only 

when the convergence test is satisfied. 

2. Section II - Time Step and Predictor 

This section is entered at A’ when an advance to the 

next integration step is made, or at B' when the logi¬ 

cal tests in Section IV indicate that the time step, 

GENERAL DYNAMICS/ASTRONAUTICS 
ERR-AN-063 -26- 



A t, must He ad lusted or when impact has been achieved 

as determined by the test on I I *n ‘S'*c^lon III* 

Section IÎ1 - Stopping Control 

"hen the convergence its reached, a test is made on 

I Ü I to determine if impact has been achieved. If 
1 n 

it has not an advance to the next integration cycle 

is made. If it has, the time of impact is linearly 

predicted by: 

t 
n 

d t A R = t 
n-1 

I- 4(r , ♦ R 1 
I J sn-l snl 

I - l*„l 

A t 
s 

where A t 
o 

time step from time tn_| 

4 . 

The second term in the above expression, i.e., A R) , 

is the ti me step which is used to integrate back to the 

earth’s surface. The iteration for impact i* performed 

as described above. 

Section IV-Time Step Limiter 

If more than three iterations are required to converge, 

as determined by a counter, tests on and are 

made and the time step is adjusted accordingly* where 

a nod á .-. r •' signed ma ítni ludes . 
n n-1 

fîFN' RAI nYNAMICS/ASTW NAHTICS 
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V APPENDIX 

A . Input Data 

The following quantities are required as input to the 

Mark II Re-entry Program: 

1. R , V = initial vector position and velocity, 
o o 

in inertial (uvw) coordinates and canonical units. 

2. tp = initial time, in canonical units. 

S 

3. 0 A o z- geocentric latitude and longitude of 
o J 

the initial (reference) position, in radians. 

Latitude north of the equator is considered positive. 

Longitude west of Greenwich to 180® is considered 

positive; longitude east of Greenwich to 180° is 

considered negative. 

4. ß = initial orientation aziauth, Measured 

positive clockwlss fro* dus ssst st tbs initial 

position. In zadlans. 

5. W, S s weight, in lbs., and saxiauai effective 

cross-sectional area, in square feet, of the 

re-entry vehicle. 

6* V ‘V i1 x empirical coefficients 
(j = 0,1,...71 

for the rational fraction expression of Cp and 

• 

Cp,dependent upon the type of re-entry vehicle 

(nose cone) 
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B 

7 Désignation of atmoRpheric model desired: either 

ICAO Standard or WADC Tropical. 

M w * direction of desired wind angle (except for 

post-flight simulation), in radians. 

9. h a re-entry altitude, in canonical units, 
o 

Program Constants 

1. T'.me Step Control Parameters 

A rr c*c 7 = 1.0 seconds 

= 2.0 seconds 

1.O seconds 

a 4.0 seconds 

* 10 0 seconds 

r. 20.0 seconds 

Weight to mass conversion factor. 

g -« 32.17398 ft/sec2 o 

3 Ax semimajor axis of the oblate spheroid 

= 1 OOOOOOO C U.L. 

« 20,926.010 ft. 

B s Semiminor axis of the oblate spheroid 

a 0.99663230 C.U.L. 

X 20 855,552 ft. 

(Ref AMS Ellipsoid) 

4. Harmonic Coefficients of Earth's Oblateness 

C^ = Second harmonic = 0.0032755879 

C3 * Third harmonic = 0.00000000 

C^ « Fourth harmonic x 0.000010729476 
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5 Angular spptni of tho earth about its axis oí 

rotation» 

», ^ 0.0588347^8 radia«« / C.Ü.T. 

¿J el * Oj/^Sin « sin p. Íu ♦ Sin tí eos ^ 4 lv 

♦ Cos tí i ) 
w 

Where « = Geocentric colatitude, in radians 

-. initial azimuth, in radians 

i i 1 - unit vectors along the u,v,w, axes 
u ' V ’ « 

of the inertial coordinate system. 

= (1,0,0), (0,1,0), (0,0,1). 

Tables 

Two atmospheric models are available for use in the program, 

the ICAO Standard and the WADC Tropical. The tabular values 

for A and a as functions of altitude h are as follows: 

(1) Static Pressure Ratio kje k¿h + k^h ♦ k¿ 

(a) ICAO Standard 

Interval, F’t 

-2 X 104 «c h i 104 

104« h < 3 X 104 

k. = 

Constants 

1.001429229 

-0.3736458900 x 10 
-4 

k_ = k 0 

kt * 1.053370708 

k„ = -0.4175843227 x 10 
-4 
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T 
1.257496100 X io4< h ^ io X :.o4 

10 * 104 6 5 20.5 X 104 

20.5 X 204< h ^ 26.5 x 104 

26.5 x 104<h - 33.5 x 104 

33.5 x 10 * < h ~ 500 x 104 

(b' WADC Tropical 

—2 x 104< h - 2 x 104 

2 y 10 < h 4 x 

4 x :l04< h — 10 x 104 

10 x lO411 < fc 

k2 = -0 4784240876 x 10"4 

kl = 0.56191219 

k2 a -0.39598283 x lO-4 

k1 = 3.0246341 

k2 = -0.46817963 x 10"4 

k, = 2.4039739 

k2 = -0.46562699 x 10*4 

k, = 0.065723072 
1. 

k2 = -0.35776307 x 10”4 

k, = 1.013816987 

K2 a -0.3701555416 x 10-4 

K ~ k =0 
3 4 

kj = 1.150277975 

k2 a -0.4323494264 x 10“4 

k, a 1.553021783 

k2 = -0.5060730613 x 10"4 

Identical with ICAO 

(2) Speed of sound 

(a) ICAO Standard 

a » C + C. h 
o 1 

x 1C4< h< 3.615 x 104 

3.615 x 104< h< 8.238 x 104 

C = 1118.0 o 

Cl = -41.10 X 10~4 

C a 969.5 
o 

Cj a 0.0 
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814.3 8 238 X 104 h ^ 15.535 x 104 

15 535 x 104<h£ 17 505 x 104 

17 505 x 104-c hi 25.575 x lO4 

25.575 x 104^ hi 27.800 x 104 

(b) WADC Tropical 

-2 x lO4-^ hi 5 550 x 104 

5 550 x 104<. h5 6.650 x 104 

6.650 x 104-c hi 15.535 x 104 

15.535 * 104 <h 

C 
o 

a 18.85 x 10 

x 1107.7 

. 0.0 
x 1494.6 

»-22.10 x 10 

X 928.3 

« 0 

C * 1152.9 
o 

Ct = -42.86 x 10-4 

C = 7't i . Ò , 
o 

C1 x 31.25 x 10-4 

C » 828.0 
o 

C1 x 18.0 x 10“4 

Identical with ICAO 

(3) Wind Speed, V 
w i 

A linear interpolation for V ia used in the fol¬ 

lowing table which has for arguaent the altitude, h 

.4 
h in ft x lO 

-2,0 

0.0 

1.10 

2.35 

3,40 

V wi in ft/*#c 

18.0 

18.0 

54.0 

150.0 

258.0 
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3 60 

3.75 

4.20 

5.10 

8.10 

9.80 

11 50 

17.50 

27.80 

40.00 
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300.0 

250.0 

178.0 

139.0 

78.0 

89.0 

133.0 

310.0 

0.0 

0.0 


