6.1 PASSI VE THERVAL CONTROL

6.1.1 Thernal Design M ssion

6.1.1.1 (Reserved)

6.1.1.2 Obiter Vehicle Attitude Constraints
During on-orbit operations, the Orbiter attitude-hold tine linmts depend on a
conbi nation of the follow ng factors

a. Sun angle to orbital plane (Beta angle)

b. Obiter altitude

c. Obiter attitude and attitude history

d. Water managenent for heat rejection

e. On-orbit thermal conditioning requirenents
f. Pre-entry thermal conditioning requirenents

Because these factors depend on Orbiter operations in response to payl oad

m ssion requirenents, the Obiter’s attitude-hold capability shall be
established in the m ssion-specific Payload Integration Plans (Pl Ps) for each
payl oad which requires attitude-hold periods greater than the m ni num
durations defined in Paragraph 6.1.1.2.1, including the deorbit and entry
requirenents defined in Paragraph 6.1.1.2.3. The attitude-hold periods
presented in this paragraph are conposite val ues based on consideration of a
nunber of Orbiter thermal issues. The durations are referenced fromspecific
initial conditions (passive thernmal control (PTC) steady-state conditions at
the particular beta angle). The attitude-hold periods are intended only as an
initial sinplified presentation of Orbiter capabilities for STS users.

Payl oads nmani fested with Extended Duration Obiter (EDO) pallets shall refer
to Appendix E for attitude hold constraints.

6.1.1.2.1 Obiter Constraints as a Function of Attitude and Sun

Angl e-to-Orbital Plane (Beta Angle)

Dependi ng on the conbination of factors noted in Paragraph 6.1.1.2, the

maxi mum attitude-hold capability for the Obiter will be limted to the
durations and ranges given in Table 6.1.1.2.1-1 for 0° < beta angle < 20°, 20°
< beta angle < 60°, and 60° < beta angle < 90°. Attitude-hold periods |onger
than the m ni num specified durations nay inpose constraints on m ssion

vari abl es such as vehicle orientation, orbital parameters, etc. Such extended
attitude holds, and the corresponding nission constraints, shall be specified
in the applicable mssion-specific PIPs as a basis for mission planning.
Before the attitude-hold durations can be repeated, the Orbiter nust be placed
in a preferred attitude for a specific duration to allow the accunul ati on of
fuel cell generated water used for active thernmal control and/or passive
thermal conditioning, also to be defined in applicable PIPs.

6.1.1.2.2 (Reserved)

6.1.1.2.3 Obiter Constraints for De-orbit and Entry Preparation
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Obiter pre-entry thermal conditioning attitudes and duration requirenents are
dependent upon the thernmal state of the orbiter and nature (nornal or
contingency) of the inpending entry. The Obiter pre-entry thernal
conditioning time will be established during the m ssion using real-tine
tenperature neasurenents. These data will be used to deternine the actual
required pre-entry thernmal conditioning duration within the range defined in
the follow ng table.

| Beta Angle | Long Term Obiter Orientation | Thermal Conditioning |
[ Range, [ Prior To Pre-Entry Ther mal | Ti me Range, Hours |
| Degrees [ Condi tioni ng | |

The operational objective will be to acconplish pre-entry conditioning
required for normal entry by attitude holds conpatible with both the Orbiter
and payl oad operational or refurbishment requirenents. |If nutually conpatible
requi renments cannot be established, pre-entry conditioning will be

acconpl i shed by passive thermal conditioning (PTC) by rotating the Obiter at
2 to 5 revol utions per hour about the X-axis with the orientation of the X-
axis within +20 degrees of the perpendicular to the sun vector.

For an aborted entry resulting froman Obiter problem the pre-entry thernal
conditioning will be constrained only by the payload flight safety constraints
defined in the PIP Annex. However, for an aborted entry, effort will be nade
to satisfy the pre-entry thermal requirenents wthout violating the payl oad
operational or refurbishment attitude-hold constraints also defined in the
cargo el enent PIP.

6.1.1.2.4 (Reserved)

6.1. 1.3 Space Environnent
The nunerical values of the paraneters defining the space environnent shall be
as follows:

a. Sol ar Radi ati on (hot case) 444 Btu/hr. - ft2

b. Eart h al bedo 30 percent of solar radiation
C. Earth Radi ati on 77 Btu/hr. - ft2

d. Space Sink Tenperature 0°R

6.1.1.4 (DELETED

6.1.2 Thernal Design Configurations/ Mdels

6.1.2.1 Obiter Interface Mdels
Obiter thermal nodels for integrated analysis shall be as defined in
ES3-76-1, ES3-77-3, JSC 19540 and JSC-19692.

6.1.2.2 Coating Surface Properties
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6.1.2.2.1 Obiter Surfaces

For thernal design purposes, the infrared enmttance and sol ar absorptance of
the Orbiter surfaces shall be as defined in Figure 6.1.2.2.1-1 and Table
6.1.2.2.1-1.

6.1.2.2.2 (DELETED)
6.1.3 (Reserved)
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TABLE 6.1.1.2.1-1 ORBI TER ATTI TUDE- HOLD DURATION LIM TS

[ Obiter Attitude-Hold Duration Limts
From PTC Initial Conditions (Hours)+

Three-Axis Inerti al

Sol ar Vi ewi ng 52 to 160

(Bay to Sun)

160 ( Approx)

- Tail Sun
- Nose Sun
- Side Sun
- Bottom Sun

|
|
|
|
|
O her Inertial Attitudes [
|
|
|
|

Local Vertical (LV)**

Earth Vi ewi ng

(Bay to Earth)

- Wth Nose Toward Sun
at Beta Near 90°
(Wng on W)

- Wth Tail Toward Sun
(Wng on W)

- Wth Either Side
Toward Sun (Nose or

Tail on W)

61 to 160 71 to 160 5

160 37 to 160 16 to 160

QG her LV Attitudes
- Port Side LV with
Tail Toward Sun
- Bottom LV with Tail

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 160
|
|

Toward Sun [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

160

- Starboard Side LV
with Tail Toward Sun

- Bottom LV with Either
Side Toward Sun

- Tail LV with Bottom
Toward Sun

- Tail LV with Either
Side Toward Sun

- Tail LV with Top
Toward Sun

- Nose LV with Top
Toward Sun

- Nose LV with Bottom
Toward Sun

- Bottom LV with Nose
Toward Sun at Beta 75°

160

160

160 12

160 12 7

160 120 90 to 160

160 120 71 to 160

160 160 160

16
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TABLE 6.1.1.2.1-1 ORBITER ATTI TUDE- HOLD DURATI ON LIM TS

( CONTI NUED)

Orbiter Attitude-Hold Duration Limts

(Conti nued)

Cargo Bay Orientation*

- Either Side LV with
Nose Toward Sun at
Beta > 75°

- Either Side LV with
Top Toward Sun at
Beta > 75°

Orbrate (Single-Axis
Inertial) ***
Solar Viewing (Bay to Sun)

Space View ng (Bay Heating

Near Zero)

- Tail Sun with Top to

Space

- Nose Sun with Top to

Space

- Nose Sun (But Pitched

up -10° with Top to
Space)

O her Orbrate Attitudes

- Tail Sun with Star-
board Side to Space

- Tail Sun with Port
Side to Space

- Tail Sun with Bottom

to Space

- Nose Sun with Bottom

to Space

- Nose Sun with Either

Side to Space

- Side Sun with Top to

Space

- Side Sun with Nose to

Space

- Side Sun with Bottom

to Space

- Bottom Sun with Nose

to Space

- Bottom Sun with Side

to Space
- Bottom Sun with Tai
to Space
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From PTC I niti al

Condi tions (Hours)+

160

(Appr ox)

23

160

12
25
23
110
110
160
160
160

160

6B-5

160( Appr ox)

43 to 160

48 to 160

63 to 160

18 to 160
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* % %

TABLE 6.1.1.2.1-1 ORBI TER ATTI TUDE- HOLD DURATI ON LI M TS
( CONCLUDED)

The orientations shown are generalized attitudes with no intent to include
a tolerance. For significant deviations fromthe general attitude, unique
assessnent may be required.

Local vertical attitudes are those with an Orbiter axis (usually a nmmjor
axis) pointed continually toward the Earth (e.g., top or bay loca
vertical).

Orbrate attitudes are those with a single Obiter axis (usually a major
axis) inertial but with a rotation period about that axis equal to one orbit
period. Obrate orientations can produce the nost severe thermal conditions
for the Orbiter or payl oad.

The Orbiter attitude-hold periods shown are based on consideration of both
passive and Active Thernmal Control System (ATCS) limits. The passive limts
i ncl uded were obtained from"Space Shuttle Program Ther nodynani ¢ Desi gn Data

Book - Thermal Control System - Constraints" (Rockwell Internationa
Docunent SD73- SH- 0226, Vol ume 1E, Book V, Septenber 1985). The passive
thermal limts are referenced fromspecific initial conditions (PTC steady-

state condition at each beta angle). ATCS attitude duration limts are
strong functions of the internal heat |oad added to the Orbiter Freon | oops
and t hese heat | oads are highly dependent on the specific mission, the

payl oad configuration, and other operational factors. Attitude duration
limts for specific payload configurations and m ssions nust be determ ned
by anal ysis, and these shall be addressed in the nission-specific PIPs. The
ATCS duration limts presented here reflect a nonmnal on-orbit supply water
quantity (478 pounds) at the begi nning of each attitude hold, a 245 pound
m ni num on-orbit supply water quantity redline, Obiter fuel cell power of
22 kilowatts, a constant water production rate of 18 pounds per hour, a
110°F radiator Freon inlet tenperature, a seven nenber crew, a depl oyed
forward radi ator panel configuration, and eight radiator panels. The
attitude-hold periods shown are intended only as an initial sinplified
presentation of Orbiter capabilities for STS users.
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TABLE 6.

1.2.2.1-1 THERMO OPTI CAL PROPERTI ES OF ORBI TER SURFACES

|
[ Surface
| Description

| Radi at or
| Concave
| Surface

| Radi at or
| Convex
| Surface

| Cargo Bay
| Doors Con-
| cave Surface

| Cargo Bay
| Doors

| Convex

| Surface

| Fusel age M d-
| Section
| Si des

| Wng Upper
| Surface
| Surface

|
[ Desi gn
| Criterion

| Fourth Pnl
| (w/ o radi-
| at or)
| agl €

| and ¢

| |
| Surface |
| |

9

p

| Di f fuse| Specul ar
Degr. | Percent | Percent |
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Mat eri al
|- |-~
| Tefl on | . 22|
| Coat ed [ [
| d ass d oth| |
|- | ---|
| Tefl on | . 22|
| Coat ed | |
| d ass d oth| |
|- | ---|
| Tefl on | . 22|
| Coat ed | |
| d ass d oth| |
|- | ---|
| Silver- | . 08|
| Coat ed | |
| Tefl on | |
|- | ---|
| Silver- | . 08|
| Coat ed | |
| Tefl on | |
|- | ---|
| Silver- | . 08|
| Coat ed | |
| Tefl on | |
|- | ---|
| Tefl on- | . 22]
| Coat ed | |
| d ass | |
| doth | |
| I
|----------- l---1
| FRSI (1) | . 16]
| I
|----------- l---1
| LRSI (2) | . 16]
|----------- l---1
| FRSI (1) | . 16]
| I
|----------- l---1
| LRSI (2) | . 16]
|----------- l---1
| FRSI (1) | . 16]
| I
|----------- l---1
| LRSI (2) | . 16]
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TABLE 6.1.2.2.1-1 THERMO OPTI CAL PROPERTI ES OF ORBI TER SURFACES

( CONTI NUED)
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TABLE 6.1.2.2.1-1 THERMO OPTI CAL PROPERTI ES OF ORBI TER SURFACES

( CONCLUDED)

| | | I | | I | po |
[ Surface | Design | Surface | a| a | € | ¢ |Diffuse| Specular|
| Description | Criterion | Mterial | New Degr.|New |Degr.| Percent| Percent |
|- ERREEEEETEE [EREEREEEEEE Rl R EEEEl EEEEEI EEEREEE EEEEREEE |
| Body Flap lagle = .7 | I | | | | |
| (Upper and | | LI 900 |.92] =.6 .85 .85 | NA | NA |
| Lower Sur- | to 1.1 |HRSI(3)(4) | | | | | | |
| faces) | &= .85 I | | | | |
|----------- - |----------- |----------- |---1----- |----1----- |------- |-------- |
| SSME Nozzles |ag/le = 1.0 | | | | | | | |
| Ext er nal | | I nconel |.8] .85 1.8 |.85 | NA | NA |
| Sur f aces | | 718 | | | | | | |
|----------- - |----------- |----------- |---1----- |----1----- |------- |-------- |
| SSME Nozzles |ag/e = 1.8 | A286 | | | | | | |
| I nternal | | Stainless |.55] .55 (1.3 | .3 | NA | NA |
| Sur f aces | | St eel | | | | | | |
NOTES

(1) Felt reusabl e surface insul ation.
(2) Lowtenperature reusabl e surface insul ation.
(3) H gh-tenperature reusabl e surface insulation.

(4) HRSI coating absorptance i s highest when new and decreases with
degr adati on.

(5) Small Orbiter surfaces (e.g. wing and vertical fin |eading edges, nose

cone, T-0 unbilical, etc.) and mnor Orbiter vehicle differences are not
shown.
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RADIATOR CONCAVE SURFACE

CARGO BAY LINER AFT BULKHEAD SSME NDZZLE

OMS POD
D PR AFT FUSELAGE
SIDES
BASE HEAT
SHIELD
FWD FUSELAGE TOP
BODY FLAP
WING UPPER
SURFACE
RADIATOR CONVEX
SURFACE
FWD FUSELAGE
WRE GRED WING LOWER SURFACE
FUSELAGE SIDEWALLS BAY DOOR

CONCAVE SURFACE
BAY DOOR CONVEX SURFACE

FIGURE 6.1.2.2.1-1 ORBI TER SURFACES AFFECTI NG CARGO ELEMENT THERVAL BALANCE
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