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ENTRY CORRIDOR DEFINITION AND SMRCS DEORBIT REQUIREMENTS
FOR APOLLO BLOCK I EARTH ORBIT MISSIONS

By David J. Griffith, Donald P. Schneider, and David W. Heath
1.0 SUMMARY

This document defines the entry corridor and the minimum deorbit
velocity requirements of the service module reaction control system
(SMRCS) for Block I Apollo missions. The velocity requirements are
based on impulsive maneuvers but may be correlated to finite thrusting.

Sufficient information for planning any Block I mission can be
obtained from the results presented in the figures of this document.
This information can also be used to determine propellant reserve
requirements for the SMRCS when the SMRCS is used for ejection from
either a circular or an elliptical orbit.

The results indicate that an ejection near the apogee of an ellip-
tical orbit requires less AV - and, therefore, less SMRCS propellant
reserves - than an ejection from a circular orbit. The AV required
for ejection was found to be a function of several factors:

a. Orbital shape and altitude.

b. Mode and time of entry.

c. Efficiency of the total impulse translationms.

d. Deorbit attitude.

2.0 INTRODUCTION

The purpose of this document is to define the entry corridor and
present minimum SMRCS deorbit velocity requirements for the Apollo
Block I missions. Sufficient parametric data may be obtained from the
enclosed figures to design any Block I mission. These data may also
be used for determining SMRCS propellant reserves requirements when
considering use of the SMRCS for deorbit from both circular and elliptical




orbits. The AV requirements quoted are h»ased on impulsive maneuvers
but may be correlated to finite thrusting by use of the following
relations?

360° t,
88 = —— (5-)
where
AB = true anomaly
T = orbital period
fg = one-half burn time.
2

For a given AV the propellant required is given by

(e AV

P (¢ ISP g,

-1).
For the range of AV's available from the RCS the above relation can be
reduced to

Wb =W x (decimal part of the exponent of e)

where
Wb = initial spacecraft weight.

Therefore,

I
t=—SRxW.
b T P

The entry corridors presented were supplied by the Reentry Studies
Section of Mission Analysis Branch.

4.0 METHOD OF ANALYSIS

When conditions occur that require use of the SMRCS as a backup
deorbit mode, the crew is confronted with (1) marginal available pro-
pellant, (2) low thrust-to-weight ratio, and (3) the possibility of




manual thrust-vector contrcl. As a consequence, for entry survival
deorbit near the entry time limit of 45 minutes (shallow-entry) is
mandatory. The family of deorbit conics which best meet these conditions
are minimum propellant deorbits to a fixed entry angle (i.e., steepest
entry flight-path angle for a given amount of propellant).

The method of analysis was to take the polynominal of line ¢ on
figure 1 (SMRCS target boundary) and use an iterative technique for the
solutions of minimum AV's required for deorbit from several feasible
circular and elliptical orbits. By using this technique the absolute
minimum AV required for entry within the established criteria could be
determined.

L.0 RESULTS AND DISCUSSIONS

4,1 Atmospheric Entry Corridor

The reentry corridor for Block I missions is shown in figure 1.
There are many ways of determining what criteria should be used for a
overshoot boundary for a given spacecraft. The best way to determine

the overshoot boundary is by examining the spacecraft structural and
subsystem limitations.

The Block I heat shield was designed to withstand heat rates below

f
203 BTU/ftg/sec and a total heat load below 27000 BTU/ft”. Between the
overshoot boundary and undershoot boundary, line a and line g in figure
1, these heating limits are not exceeded.

4.,1.1 Forty-five minutes time overshoot corridors. - Upon reviewing
the basic Block I subsystems, it was found that all spacecraft electrical
power during reentry was obtained from three parallel connected silver
oxide zinc storage batteries after command service module (CSM) sepa=-
ration. It was determined that, with normal equipment and subsystem
electrical power drain, 45 minutes of reentry time from CSM separation
until touchdown would allow 48 hours of postlanding battery power.
Additional powered reentry time, approximately 1 hour and 45 minutes from
CSM separation to touchdown, “ay be obtained by using the 48 hours
postlanding battery supply. (3ze reference 1.)

The 45 minutes reentry flight time includes a minimum of 5 minutes
between CSM separation and the 400000 feet altitude reentry interface.
The separation distance at the reentry interface for the same CSM
separation maneuver can be increased by lengthening the time between
CSM separation and the reentry interface. The flight time is 33 minutes
between the reentry interface and drogue chute deployment, which occurs
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at 25000 feet altitude. Normal drogue and main chute time is abcut 7
minutes.

Line a in figure 1 is the overshoot boundary based on a rolling
reentry at 14 deg/sec, which results in a 45 minutes flight time from
CSM separation to touchdown when the nominal AS-204A trin aerodynamics
supplied in reference 3 are used. The reeniry range from the reentry
interface to touchdown along line & is approximately 6500 n. mi. »

Line b in figure 1 is based on nominal trim aerodynamics from reference
3. The CM 1ift vector is assumed up throughout the entry phase. The flight .
time from CSM separation to touchdown in 45 minutes. :

For the region above line a in figure 1, it is always recommended
that a initial 1ift vector down attitude be held until some threshold load
factor is reached then a rolling reentry mode should be used. The exact
load factor threshold has not been determined at this time but this proce-
dure of 1ift vector down initially reduced the down range dispersions for
recovery and slightly improves the CM capture capability within this region.

4.1.2 One thousand and four hundred seconds entry time overshoot
corridors. - In a crew-suited mode of reentry, a Block I environmental
and control system (ECS) failure of the type listed in references 1 and
2 may cause the reentry time to be restricted to the 1400 seconds (23.3
minutes from 400000 feet altitude to touchdown. There is presently no
firm commitment by the Apollo Spacecraft Program Office on this 1400
seconds reentry restriction. During low power periods, transients heat
loads can cause venting of sufficient water from the glycol water boiler
to obstruct the common boiler venting duct used by both the crew ECS and
the equipment glycol ECS. Rererence 2 has shown that if a shirtsleeve
mode of reentry is acceptable, the 1400 seconds is no longer a restriction.
This, of course, assumes that the crew has sufficient time to de-suit
prior the deorbit maneuver.

Line ¢ in figure 1 is an overshoot boundary for a rolling reentry,
a 1400 seconds flight time, and the non-standard atmosphere shown in
figure 5. This line represents a conservative upper boundary for a
crew-suited reentry with an ECS failure of the type listed in reference
2, provided a O 1lift reentry is used.

Three test case reentries along line ¢ have been sent to the Crew
System Space Medicine Branch for analysis of the load factor time his-
tories and the corresponding high suit temperatures and humidity conditions
that could exist if the ECS failure given in references 1 and 2 occurred.
At the present time, the Crew System Space Medicine Branch is also
determining what factors, based on previous experimental data, will
require the use of line ¢ as an overshoot boundary.
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Line i in figure 1 shows what effect lift-vector-down from 400000
f2et altitude to .2 g and, then, % lifting coefficient (CL) until 25000
feet altitude will do to the 1400 seconds overshoot boundary. The % CL
trajectory is presently used for targeting purposes inside the available
maneuver envelope. Line e is figure 1 is the same as d except that line
e is based on the non-stardard atmosphere. Line f in figure 1, may be
compared with line e, since after .2 g they differ only in their 1lift
vector attitudes.

Line g shows an overshoot boundary based on a 1400 seconds flight
time for a constant lift-to-drag ratio of .4 and the non-standard atmos-
phere shown in figure 5.

4.1.3 Ten g entry undershoot corridors. - Line h in figure 1
represents the 10 g undershoot boundary based on the nominal trim aero-
dynamics presented in reference 3 and a reentry CM roll rate of 14 deg/sec
throughout the flight.

Line i shows the 10 g undershoot boundary based upon a lift-vector-
up attitude throughout a reentry with the nominal CM trim aerodynamics
given in reference 3.

Although figure 1 is based on the CM weight presented in reference
3, +500 pounds variation in the reentry weight does no noticeable effect
the overshoot boundaries. The two points marked service module service
propulsion system (SMSPS) and SMRCS in figure 1 are the selected velocities
and flight-path angles used in the AS-204A reference trajectory pre-
sented in reference 5. These two points are determined by selection of
the AV used for deorbit and the spacecraft orbital characteristics and
position in the orbit at the time of the retrofire.

4L.1.4 Ballistic or rolling entry for various entry times. - Figure
3 shows a series of velocities and flight-path angles that result in
constant reentry flight time when a rolling reentry mode is used.

The lines are based upon a lift-vector-down attitude until .2 g and,
then, a roll rate of 14 deg/sec until 25000 feet altitude. A nominal
parachute time of 7 minutes is assumed. Therefore, the constant time
lines shown in figure 3 includes the time from LOOOOO feet to touchdown.

4.1.5 Half-1lift entry for various entry times. - Velocities and
flight-path angles that result in constant reentry time lines in figure
4 are based upon a lift-vector-down attitude held until .2 g and, then,
a % CL until 25000 feet altitude. Again a nominal parachute time of

7 minutes was included in the total time of flight from 400000 feet
altitude.




4.2 Deorbit Target Conditions for Entry

4.2.1 Target conditions for a SMSPS deorbit maneuver. - Figure 2
represents the present available information for determining what
velocities and flight-path angles are desirable for reentry from a SMSPS
deorbit maneuver. Line b is the overshoot line and line h is the under-
shoot line, as already shown in figure 1. Between these two boundaries,

a d=shed line has been drawn which represents the most desirable velocities
and flight-path angles for reentries from a SMSPS deorbit maneuver. This
dashed line in figure 2 allows for the largest deorbit dispersions from
the SMSPS deorbit maneuver and assures the CM capture and adequate

ranging maneuverability.

The amount of fuel left at the end of the AS-204A mission is enough
that during the SMSPS deorbit maneuver the pitch angle and the length
of burn can be varied to obtain velocities and flight-path angles corre-
sponding to the dashed line in figure k4.

4.2.2 Deorbit target conditions for a SMRCS deorbit maneuver. -
Since the SMRCS is sensitive to the position »f deorbit, the apogee of
an elliptical orbit must be properly placed for effective recovery of
the spacececraft in a planned recovery area. This placement of the
apogee of theellipse in the proper position for a SMRCS deorbit is done
on the last SMSPS burn prior to deorbit to allow for a possible failure
of the SMSPS on the last burn and still leave the SMRCS deorbit maneuver
within the same recovery area.

The line marked NAA in figure 2 was the line previously used for
determining a SMRCS fuel budget. By reserving enough SMRCS fuel to
obtain a velocity and flight-path angle on the line marked NAA in figure
2, the SMRCS reentry maneuver could use the guidance and navigation
reentry steering logic if only the SMSPS engine or subsystems were
inoperative. If the reentry duration time was critical or the deorbit
maneuver dispersion was large, a rolling reentry could be used after
the SMRCS deorbit maneuver.

Line ¢ in figure 2 is a rolling reentry with & non-standard
atmosphere and the nominal trim aerodynamics presented in reference 3.
This 1limit line is the present selected target boundary for SMRCS deorbit
fuel budgeting from elliptical orbits.

Line ¢ in figure 2 is for a rollirg reentry with a standard atmos-
phere and the nominal trim aerodynamics.




4.3 Deorbit Velocity Requirements

4.3.1 Elliptical orbits. - Figures 6(a) through 6(d) present inertial
velocity and flight-path angle at LOO000 feet for various retrograde AV's
applied at apogee for various ellipses. The SMRCS target boundary and
45 minutes overshoot boundary defined in figure 1 are also shown. The
data clearly indicates the effect of perigee altitude on the minimum AV
required to stay below the selected boundaries. For a given AV, changes
in apogee altitude have a small effect on the flight-path angle displacement
from the target boundary (line c, figure 1). The data presented in figure
13 show the minimum retrograde AV is not significantly different for
apogees greater than 180 n. mi. This fact indicates that the apogee
altitudes above 180 n. mi. would be based on operational considerations
other than AV.

4.3.2 Circular orbits. - The two selected overshoot entry corridors
and AV requirements for circular orbits are presented in figure 7. A
comparison of the circular orbit data with the elliptical orbit data
presented in figure 6 shows that a higher AV is required for .ircular
orbits to stay below the selected target boundary.

4.4 Deorbit Attitude Requirements

Inertial velocity and flight-path angle at LOOO00 feet for various
AV's and retro attitudes are presented in figure 11 for apogee deorbit
from an 85/130 n. mi. elliptical orbit. This figure indicates that
horizontal retro (B = O degrees) is optimum for the range of AV's within
the capability of the SMRCS. Lowering the retro attitude below the
velocity vector for a given retro AV increases the entry velocity and
makes the entry flight-path angle shallower. This has an undesirable
effect of raising the minimum AV requirement for the selected entry
overshoot boundary.

4.5 Deorbit True Anomaly Requirements

For a fixed AV of 100 ft/sec, figure 12 indicates the horizontal
retro is still optimum for a low AV, even within a bank of +60 degrees
of true anomaly. For a given relro attitude the true anomaly of applied
retro velocity had no effect on the entry velocity but had a pronounced
effect on the entry flight-path angle. The optimum true anomaly varies
with retro attitude and is near apogee (® = 180 degrees) for near O
deorbit attitudes.
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4.6 SMRCS Propellant Requirements

SMRCS propellant requirements versus AV for various spacecraft
weights are presented in figure 9(a) through 9(c) for the nominal and
+30 engine performances. A translation thrusting efficiency factor
of 95% was included in the propellance weight requirements. The RCS
propellant required varied from 2.4 1b/f - /sec for the 20000 pounds
spacecraft to 4.8 1b/ft/sec for the 4OOO) pounds spacecraft.

4.7 Orbital Lifetime Requirements

In figure 10(a) to 10(c) the orbital lifetime is presented as a

function of spacecraft weight for various perigee and apogee altitudes.

The results, based on the selected atmosphere drag coefficient and
tumbling area, indicate that, for a perigee altitude of 85 n. mi. and
a desired 14 to 18 day lifetime, apogees near 280 n. mi. have to be
selected for spacecraft weights between 20000 and 25000 pounds. For
a selected orbital lifetime, apogee altitude.is seen to decrease with
an increase in spacecraft weight.
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Inertial flight-path angle at 400 000 feet of altitude
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Figure 4. - Operational corridor for Apollo earth orbit entries.




13

SWepyHr mwlleQ Seq
qTocor °Nod
HONVHE SISATYNY NOISSIW

NOISIAIQ SISATYNV ? ONINNYd NOISSIW
Q04 - OSW - VYSYN

“uo1jeIA3p K3ISUP SNSIAA IpNIY|y - G anbi 4

juaasad ‘uorjeinap Ajsuag
0CT+ 00T+ 08+ 09+ 0}/ 23 0C+ 0

jasss sanss sas: ” a8
3! T HHL sm 1] aH 4088
ERSS Saas LauNE SERE IRaEE sRARE Buus ; T
e e et g ;
MMM W 'Y 2L ¢0T0TH > A5 0 abues apmyijje Joy pijep :
T Y ‘epmny =4
B —
T 14 90T X 6b609" € =4 001
T (kq?) BA =0V
HL .um 1 HHH 1 4 [ TN 1 . r
= sswes suasw anase 18 T
T
WESE ARWRE AN RS ABANE 4A) H
j8sd REe) SER0Se0et Susttsans it Sasd saadadass! 1 Y 002
T jas i t Eaasanmn. .
Y >
IBSEE SRR —
HHHH I e st ; SRR e z
R . w‘v i
Y T S
[EIE1 18358 [334 P EE] ERE0E FEEE) fR2E: & : .
Hh R } -
H+-4HHH + B B e
wlr 538 rww“r Mlv’« ‘rw‘w 1] mLx 4 “LL BENEEE 8 oom
T T a T H
Y T T
T T HHHHTH a
i S OT o e L i
e : e 00v
1 - LIL (1] INENS RN ! . 1 aus
! . 1 Sszaassewssass T
NN «W ’W.v. LQW 5 1] % I 1 H
- T + 3444 s
O e Syeea Sagps susssannag sunassens sas : E
8 BeTag Sanenanuns sanas ! H HH guag u; ! mo._” X 009




1k

'SHQJ0 jeandij|a Joj sjuswalinbas AV pue Jopiiod A1ju3 -9 ainbiy

'Sa|IWw [eINNRU ¢g = apnyjje aabiad (e)

sdj “'A ‘13) 000 00F 18 A¥20]3A [eIMaU|

08192 OvI9Z 0019¢ 09092 02092 086SC 0p6SC 006SC 098SC 0286 08LSC OvLSZ 00LS2 09962 02962 08SSC Sm%m
| .
sd) 0€=AV]_ W "UOEE ¢
W =y -
‘IwuQsz
> 82
m&cm-><x i [~ . mf
. ey [ T w-ugez
v iy Pt bl
|
SGOII-AVZ za /V I SR
ol P\ " ] - 0°2-
- - \\\ i, 5 OB g
7 VA < u. "
m&8-><.NA.IJ \ N \ ~ 1
V e
g .l ./AA./A ) / § \\ —1W "u uﬁ.—l y 21
ZZZ " /IA/ \\ )
/ \\ 27 /r // \ w 5
_ BRI //j\
ey & R .//42 "
AN o g i
*payoeas si ! Ag
(UMOpPYONOY 0 333) H Q) SPU0I3S OO T
JO 3wiy e |1un (33s/63p 1) bul|jos uayy
6Z° 0 113un umop 10399A Y1| [Ny ‘Anuaas ’
wouy Asepunoq Jooysiano ¢¢€°0 =qa/1 = g
1 *Payoeas s1 sauIW G Jo dwny
UMOpYINoy B [1jun dn 40323A Yi| [Ny uay) v
— bz |1un ! ‘K
i) Kepunoq 1oouiand 340 = /1 = ¥ +0- § asbode je Yq.oag
g

Bap "' “13) 000 00V 1 el6ue yyed-1ybily ferpau|




15

*panuijuoy) -9 ainbi4

s3|1Ww |eANNRU OO = 3PN 3dblJad (Q) »

sdj A “193) 000 00V 18 AN20|3A [e1paU |
08192 OPIOZ 00192 09092 092 0866 O6S 00652 09852 (028S2 0BLSC LSz 00LSZ 0995z 029GL 085S

I
Sdj 00€=AV T\
._ \._/
\.W__ :QMMI ,// ﬂ.Nl
A\ ._EX.MM%W/.{//
vZ-
M~ V/./
\ \J e . Gogz ,/// 3
Vs qu >~ 0 &
et W [ 1w U081 -
- \ / \\ .m.
- Pt SR
% V// e g W UOET=CY .
s Wi ! : - o
Aoy \47/ / \ G S 0 \\vﬂ_bcmw.z 'l ..m.
DAL Adadan \ A T~ \\ =
rnzrlz, RARYANNN
T TP o S04
_ _ = i '\ TS S AN aﬁ m
[ o~ R 3
L 4 ooy | NN ok ML
*spu0das QOp T S! Z 7 ) L~V //47//4 I..D.
uMopyaN0Y 0} 3pMI|e 133) YOO WO /] &S
awn |210] G aNBi4Ul UMOYS SB PAeIA /
-ap Aysuap duaydsoune yiim Kiepunog 7 0
J00YSIAAC (935/,p T) AnU34 bulj|0y =8
*payoeas S! SANUIW G JO d3wN
UMOPYINOY B |13uN dn J03103A 1| |IN) UIR
620 |1un UMOp J03103A Y1 ||ny ‘AnUIU - —— v
woy Ksepunog 100ys1an0 €€°0 =0/ =V 0=9 A AV
| i




16

‘panunuo) - ‘9 aunbiy

'Sa|lw jeanneu ¢Iy - apnyje 3abliad (9)

sdj “'A "9} 000 00V ¥e Au0jar ferpiau |
09z 0819z Ovig9z 00192 0909z 0092 08652 Ov6SZ 00652 09862 028SZ 0BLSZ OWLSZ OOLSZ 0992 02962 085Sz

*Spuodas OQOp T S
umMopYINoY 0} IpMI|e 133) YOO Wouy
dwn |ejo] *g anbijul umoys se pajeia
-3p Ayisuap ouaydsoune yim Asepunoq
100ySIaN0 (935 /,p T) Anuaaa buijjoy = g
“PayoRA S| sAIUIW Gp Jo dwn g -
uMopYINoY B |1un dn 103994 31| [|n) udLY 4 00e-Av /./
62°0 119un umop 103234 31| |0y “Anuaas Z -
wouy A1epunog J00ysian0 €€°0 = q/1 = ¥ \\ o]
3 e 4 /
sdoez-Ay <] vd i
/V.AA | i -
/] ™ B
2 T LT ]
sdj091=AV, \ \\ - <] P
—
) \ [wA/ ] A E P}
7
\\\\v\w\\%\\\ ) 4 \ /VA P o
737777, 777 _\ Y P it
7 7 \;V\\\%\\\\;V Uz, \ /\ . L
7 A 7, . &Lz /] ///\
YVA7. -
/ \ L2
77, \\V\\
ot / / N,
4 06=A /
%uﬁ [ [ / —Y
1w uoge W U082 — V] /)
. 1w-uoee wusl 17 b
[ ] iw-u _cmT y /
.0=9 aabode je yiqio0aq }
i | . _

9%E

¢t

8°¢C-

-
o
'

o
o
'

o
—_—
'

o~
—

o0
K

g
.

6ap ‘' “3934 000 00Y Je 216ue yied-jubiyy je1pauy




17

"papn|auo) -9 a.nbi4

'S3|lw |ealyneu OgT = apnyiyje aabliad (p)

sdj “'A ‘93 000 00V 1 A}20joA [e1paU|

08192 OvI9Z 00192 09092 02092 08652 Ov6s¢ 00652 09852 072862 0892 OWLSZ 00LSZ 09962 02952

8°¢-
7
wouQgeE vz
[ T : i -
sdj0€2=AV & B :
‘l_/ .\ w .CQNN ° Nl
y \\ /\ ~— U8t — T i
sd)09i=AV (] \\ i e W Ll B B
B
M\ A\ /P. :R x\ - s weu cmw Wi il
//47//%//A_/// 4,/./] .LV\ /.V\ . * =
e TR
i, . 47//7/4///@/[4,/ ks W, 4
’ (A N
SN TR i
» i BN sl
N O R ;
\\\\; A NN Q "
*Spuosas QOp T S! { A \\||_<
uMOpYON 0} 03 APNYN|e 193 OO Woay /
awn 1810y *G b1 JuUl UMOYS Se PAjeIA {
-ap Kyisuap suaydsoune yim Kiepunog $ 0
100YSI3N0 (335 /.1 T) Anuaas burjjoy = g
*payoeas Si sANUIW G JO Awn
uMopYINO} B j1un dn 10323A Ji| ||Ny udY)
6Z°0 119un umop 10303 Wi ||y “‘Anuaas —~ -— A
woeyy Krepunoq 100ysiane €€°0 =Q/1 =V 0= d A AV
-
_

Bap ' ‘1934 000 00 12 816U Yied-yubiyy (eau|




18

'SHQJO JeIN241 40 S)uawalinbal AV pue Jopiilod Anu3 - 7 ainbiy

sdj A 1934 000 00Y 18 Au20jaA [e1aU |
00862 08LSZ 09LSC OVLSZ 02LSZ 00LSZ 08962 09962 OW9SZ 02962 0092 08552 09562 OVSSZ 026 G2

T T T T T 1 T kot
- *SpU023s QO T S!
UMOPYINOY 0} APMII|e 193) OO WOl
| 2w [e10] *G unbijul umoys se pajein v1-
-3p Ajisuap ouaydsoune y3im Kiepunoq ‘W uQgT WU 21
| 1004S43A0 (935/, 1 T) ANU334 bul|oy = g o R ‘1w uoTt
*payoeas i SANUIW G JO Awiy \ | s
| Umopyonoj e |1un dn 10393 31| ||y uayy | W U .t Sl
520 11un umop 10393A Y| ||ny ‘Anuaai \\ L) I /_E 001 @
| woyy Arepunog 100ysian0 €€°0 = /1 = ¥ s - L mESm-><l\ W
“ s | \\ 0T -
- P iRks,
2 ol P \V\ne 0£2=AV W
SAEP” o E
\ \ ] w L -5
o
il S 1 =
oSG 91-AV =
W - A 9 -3
AN\ i
) N ed =
\ \ AR ANNF // \
/] ~ : 7/25 p- m
T<diog - AV Ry &
AAAN AN\ —q ~
A i ) G
ALY -
=" R A
4
0
(04334 |RJUOZIIOL) 0=
i i i L i 1 N.




19

320
) l  Deorbit at apogee B=0°|

300 .

280

260

240

Perigee altitude, h

130]

200

Apogee, n. mi.

180

L1181

160 \
ol

|
\
|
\

NEEVNERE
'- " N\ *

Note: Bottom line represents
circular orbits.

60 80 100 120 140 160 180 200 220
Minimum AV, fps
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Figure 13. - Minimum retrograde AV's for near earth orbits te achieve an entry time of
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