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SIIS-125 Hubble Telescope Repair Mission EVA Tasks

Install a new Wide Field Camera 3
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SIIS-125 Hubble Telescope Repair Mission EVA Tasks

Install Cosmic Origins Spectrograph

David Gillis, AsSMA Annual
5/6/2009 Meeting 2009 Photo Courtesy of NASA



SIIS-125 Hubble Telescope Repair Mission EVA Tiasks

Repair the
Space
Telescope
Imaging
Spectrograph
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SIIS-125 Hubkle Telescope Repair Mission EVA Tasks

Install New Outer Blanket Layer
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SIIS-125 Hubble Telescope Repair Mission EVA Tasks

Replace the “A” side Science Instrument Command & Data
Handling module
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SIIS-125 Hubble Telescope Repair Mission EVA liasks

Repair the Advanced Camera for Surveys
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SIIS-125 Hubble Telescope Repair Mission EVA lasks

Replace Rate  Replace the Replace the
Sensor Unit Fine 3 batteries
Gyroscopes N

Sensors

David Gillis, AsMA Annual
5/6/2009 Meeting 2009 Photo Courtesy of NASA 11


http://sm4.gsfc.nasa.gov/art/technology/components/fgs.jpg�

Shuttle Crew Cabin TThermal Environment

Orbiters oriented at 90 deg angle
Clearance between Orbiters is 30 ft

LON SRMS grappled to
stowed SM4 OBSS EFGF,
Line fixed to Manipulator

Crew self-transfers from SM4
Airlock to LON Airlock by SM4
SRMS
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Potential Hubble Repair Shuttie Mission
and ‘Plan to Fly" Potential Rescue Flight

Mission 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 35 26

Elapse Days | | | | A Y N I Y I (O (O O O A
FlightDays 1]|2|3 |4 |5 |6 |78 | 9]10] 11| 12| 13| 14|15 [16|17] 18|19 | 20| 21| 22| 23|24 | 25| 26| 27
. L

FD2 Inspection 4

' 11 Flight Days 12 days
Nominal cscs
: : { Cnhﬁngency Shuttle Crew } '

1day

; ; Support (CSCS ) with Food
r"ﬂ Deploy ; bars, sleeping bags & LiOH
L 21 days 1

No Attempt |- Power down 6.9 kW EVA
TPS Repair | | ““}‘*’F‘L';’m?m.. ' '

! 3 days

Unsuccessful HST | Repair Power down 4.8 kW EVA

J days

15 days ! 1 day |

2Day 1 day
7 Days Launch to Launch | RNDZ EVA gifis]
6 days ;
LON Rescue Launch Delay Margin RNDZ EvVAJILY]
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Shuttle Crew Cabin Thermal

Nominal SM4 Mission ﬁo No CSCS)

NVIroNnmentith CSCs Capability

Ascent Performance
Margin_(vehicle specific)
x Jan 1402 1bs STBD 45e7JFonzws
= Feb 1392 Ibs S =
x Mar 1652 Ibs
m Apr 1742 Ibs
DIscevery.
304:nm Rendezvous: Altitude

22,500 Ibs HSTF SM4 Control
Wi

/. crew/113-2 day.

5 EVAS

338 ' lbs Tile/RCC repair Kits
1457 1bs Aft Lead Ballast
8562 Ibs Middeck

ATTACH LOCATIONS

PAYLOADS SLIC ORUC  FSS MULE
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Shuttle Crew Cabin Thermal Environment
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Shuttle Crew Cabin Thermal
ERvironment

LiOH CO2 Scrubbing - 25 Days

# LIOH Change-Out

Canisters Interval

ECLSS Requirements

*N2 Supply: about 35 days

*Supply H20 Dumps: 7 KW Power Level)
4 Dumps for 25 days

*\Waste H20 Dumps based on nominal

Noeminal pre- & waste generation rate for 7 crew,

66 post-sleep 9 dumps required for 25 days
WCS based on nominal waste generation

g9 16 hr (FDr10), rate 7 crew, can support ~ 17

max 7.6:mmHg days

16 hr (FD 02)
/8

max 7.6 mmkg

David Gillis, ASMA Annual Graphics Courtesy of NASA
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TN Air Velocity magnitude distributions at Y-sections

Marked fore to aft decreases in air
velocity in the modeled Rescue
mid deck ‘ditch’ section

Graphics Courtesy of Boeing
& Chang Son, PhD

Section Y4

Boeing David Gillis, AsSMA'/Annua
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Forecast volume-averaged ppCO2 of Middeck, 11
persons, Shuttle re-entry, lumped-parameter model
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6.28 mmHg
@ 5.5 hr

el
2]

e
[S)

ppCO2 (mm Hg)

»
2]

\ )
LN l

‘\__——-

>
o

3.0
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Time (hr)

A volume-averaged ppCO2is to 6.28 mmHg.

What is the relationship of this single point average to the
Inspived micro-environment of the crewmember?
Graphics Courtesy of Boeing
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Case 1: ppCO, at Y-sections (5.5 hours)

Off-scale (>13.5) ppCO2 values
at face are shown in white

Section Y3

ppCO2,
mmHg

Section Y4

Upper scale >=13.5

Lower scale <=5.5

Graphics Courtesy of Boeing
& Chang Son, PhD
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11 person rescue Shuttle re-entry, no wave-

off-forecast middeck temp profile,comparing
3 ICU/TELC configurations

1 Soak,

/IOUS nitg _
(}I()n

-Entr

\ /

Soar” J Nom
Lin

—
[
=]
=
2
o]
=
L
L=
=
L
[—.
=
]
-

264 266 268 270 272 274 276 278 280 282 284
Mission Elapsed Time (Hours)

Nominal Entry Congifuration, 14.7 psia (TD=283.73)
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DTO-664 illustrates temperature spreads in Shuttle crew cabin

STS 60 (OV103) CABIN TEMP SURVEY DTO 664 MSID'S

FIGURE 13. STS 60 ORBITER ARS TEMPERATURE MEASUREMENTS




Shuttle Air Revitalization System

Cabin Air Return System
ARS CABIN AIR RETURN SYSTEM

SUPPLY
DISTRIBUTION
Flight Deck 50%
Middeck 41%
ECLSS Bay 9%

AIR RETURN
DISTRIBUTION
Flight Deck 91%
Middeck 3%

ECLSS Bay 6%
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Three ICUs stacked under Mid-Deck Lockers
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Follow-on Analysis — Middeck
STS-326 Middeck crew core temperatures

Core Temperature for TD-1.5 Core Temperature for TD-1.0
(@M D) @ Egress @ TD @EQgress
0)0)76) 99.0 99.7 08.8 99.5
\\aveof:
1 Orb 99.7 100.4 99.5 100.3
\\Waveofif:
2.0)16) 100.4 101.1 100.4 101.1
\Waveoff:

**Results did not take reduced middeck flow bulk analysis into account.

David Gillis, AsMA Annual
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Middeck Flow Rate Assu

from Brian Dunaway email on 05/14/

Inlet 1: Zenith duct f
Flow rate of 21 cfmj'

Inlet 6: Starboard gap
from ECLSS Bay;
Flow rate of 5.5 cfm

'

Total ventilation flow
rate from HX: 147 cfm

Green boxes: ICUs

ptions

tlet 1 and 2 to Flight Deck
Flow rate of -68 cfm
Outlet2 to Flight Deck
Flow rate -68 cfm

t 5: Aft floor inlet
low rate of 51 cfm
"K Inlet 3: Port semicircle
'. ‘,\ Flo".l'.ur rate of 46 cfm

Outlet 3: to toilet
rack---
Flow rate of -11
Inlet 4: Fwd floor inlet ~ ¢fm

- C.\Iosed

Zenith
eni Aft
Starboard

Forward _
MNadir

Inlet 7: Port gap from
ECLSS Bay;
Flow rate of 5.5 cfm

Additionally to ventilation from HX shown in the Figure, seven ICU inlets/outlets with 45 ¢fm each
are introduced into the model (+315 cfm and -315 cfm total)

5/6/2009

CFD by Boeing
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Follow-on Analysis — Middeck CFD

Plane cuts for post-processing

Zenith

Y-ECLOID5 Port| ,Fwd
Graphics Courtesy of Boeing

Y-ECLOID6 Y-ECLOID4 Aft Sthd & Chang Son, PhD

Pl AR =2 S
e R IR L
T i g T
s g et 2t

Y-ECLOID7

Y-ECLOID1

- | _, . \ -
Y-ECLOIDS Y-ECLOID2 X-ECLOID2 X-ECLOID7

David Gillis, AsMA Annual .
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Follow-on Analysis — Middeck CFD

Temperature distributions over Y-planes; Case 3 @ 170.21 hr

Graphics Courtesy of Boeing

Plane Y-ECLOID1 Plane ‘f’ ECLOID2 & chang son, PhD

zuﬁj

Plane Y-ECLOID3 Plane Y-ECLOID4

’

Note: Red is temp at or above 95 F, Peak temp =112 F

David Gillis, AsMA Annual
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Follow-on Analysis — Middeck CFD

Temperature distributions over Z-planes; Case 3 @ 170.21 hr

; !L. ! Plane Z-3/4 from floor 'Q.F‘

—15 g

Plane Z-ECLOID

Graphics Courtesy of Boeing
& Chang Son, PhD
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Follow-on Analysis — Middeck CFD

Pathlines issued from ICU1

Back flow from ICU 1
outlet to ICU 2 inlet due to
jet interaction with the
neighboring crew-member

5/6/2009

Interaction of the jets with the obstacle/crew

Graphics Courtesy of Boeing
& Chang Son, PhD

David Gillis, AsMA Annual
Meeting 2009

CFD by Boeing
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Follow-on Analysis — Middeck CFD

Temperature distributions over Y-planes; Case 1 @ 170.71 hr

. Graphics Courtesy of Boeing
Plane Y-ecloid1 Plane Y-ecloid2 ¢ chang son, PhD

T
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|
T
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Geometry model for Middeck

Green: ICU wall

Purple: ECLSS
AndrOID (ECLOID)

Blue: Inlets to
Middeck Cabin

Red: QOutlets from
Middeck Cabin

gravity

l

Zenith
= Sibd

Port Aft
Nadir

David Gillis, AsMA Annual
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Middeck Flow Rate and Flow Domain Assumptions

Flow rate of -88.5 cfm

Outlet 2 to Flight Deck
Flow rate -88.5 cfm

Total i O
. . N, Inlet6 Fwd floor i

ventilation : S Closed Zenith

flow rate Starboard

from HX: Port

177 cfm Forward ¥
Inlet 9: Port gap frq Nadir
ECLSS Bay:;

Green boxes: seven Flow rate of 5.5 cf

Additionally to ventilation from HX shown in

Graphics Courtesy of Boeing  1;yid Gillis, ASMA Annual  the Figure, seven ICU inlets/outlets with 45
& Chang Son, PhD

5/6/2009 Meeting 2009 cfm each are introduced into the modgi(+315
cfm and -315 cfm total)



Post —mitigation CFD model of Mid Deck

Temperature profile over Y-planes; Case 1 @ 167.55 hr
Plane Y-ECLOID1 Plane Y-ECLOID2

Plane Y-ECLOID3 Plane Y-ECLOIDA4
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Post —mitigation CFD model of Mid Deck

Temperature profile over Y-planes; Case 2 @ 167.05 hr
Plane Y-ECLOID1 Plane Y-ECLOID2

5/6/2009 Meeting 2009



Post —mitigation CFD model of Mid Deck

Temperature profile over Y-planes; Case 3 @ 168.05 hr
Plane Y-ECLOID1 Plane Y-ECLOID2

i

Plane Y-ECLOID3 Plane Y-ECLOID4

;'! = d
iIIis_, AS %g \:*X//:\:j/-[i

eeting




Post —mitigation CFD model of Mid Deck

Temperature profile over Y-planes; Case 3 @ 168.05 hr

Plane Y-ECLOID5 Plane Y-ECLOID6

Plane Y-ECLOID7 Plane Y-ICU7




Post —mitigation CFD model of Mid Deck

Temperature distributions over Z-planes; Case 3 @ 168.05 hr

Plane Z-3/4 h

Plane Z-ECLOID

ane Z-centre

5/6/2009



Six Basic Environmental Variable That Affect
Human Response to a hermal Envirenment

1.

6.

o Y U A

Air Temperature

Radiant Temperature

Humidity

Air Movement

Human Metabolic Heat Generation

Human Clothing Being Worn

These six factors define human thermal environments.

Defining environmental limits in terms of only air temperature are insufficient in
many situations and ignores, or implies assumptions regarding the other 5
environmental variables.

Radiation temperatures may greatly effect an individual environment.

Assumptions regarding each of the six basic variables need to be explicitly
stated rather than implied but not specified.

5/6/2009
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Post —mitigation CFD model of Mid Deck

Temperature profile over X-planes; Case 1 @ 167.55 hr

T, °F

Plane X-aftdiff Plane X-ECLOID2 Plane X-ECLOID7

Plane X-ICU1 Plane X-ICU7

- = d Gillis, ASMA Annual
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Post —mitigation CFD model of Mid Deck

Pathlines colored by air temperature; Case 1 @ 167.55 hr
Pathlines from ICU 2 outlet Pathlines to ICU 2 inlet T °F

Weak back flows from ICU2 Most of the air is from outside,
outlet to ICU2 and ICU3 inlets few pathlines come from ICU2
and ICU3 outlets

David Gillis, AsMA Annual
5/6/2009 Meeting 2009 41



Mitigtions for Safety- Procedures

Full' cold seak night prier te deorbit

Orbital \Wave-off for wether not supported, full-
day wave-off:with' suit doffing

Delayed, staggered sult-tp fer de-erhit

Modify: deck stowage to reduce Interference with
alr flew

Early: securing of avienics poest-landing (to
feduce cahin thermal'load prior te hatch epening

Early hatch opening and increased ground
cooling with' lower air temperature

Re-entry With VISerS epen

David Gillis, AsMA Annual
5/6/2009 Meeting 2009 42
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ST1S-400

STS-400 will be prepared to launch within 7
days of Rescue requirement notice

n STIS-400!is alseron the Pad, prepared to launch on no later than Photo courtesy of NASA
_ 7. days after. notificaiton ofiRescue Mission Reguirement

David Gillis, AsMA Annual
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Mitigtions for Safety- Engineering

Remoyve Duffy ducts, open diffusers
Use TELCs on for Commander & Pilot

Moedify lecation of aft starkhoard ICUS, eliminating
the X3 Stack and eliminating ICU exhaust air
directed onto astronaut

Improved engineerng data of ICU periormance
Improved ACES heat rejection tunderstanding

Use 600 BTU InrMid Deck temperature moedeling
and core temperature predictions

Verify adequacy: of Mid Deck temperature
contrel using CED moedels in addition to' lumpead
parameter models

David Gillis, AsMA Annual
5/6/2009 Meeting 2009 45



Mitigtions for Safety- Core Temperature Limits

Require Flight Deck CDR & Pilot core
temperature predictions not te' exceed nermal
(approximately. 98.6 degrees F) aduring re-entry.
for a high level ofi cognitive perfermance

Requirer Mid Deck: crew: memBper: core
temperatures net exceed 99.9 degrees kF during
[e-entry to protect for cegnitive and
physiolegicalrability to execute a Mode VAl
escape should that beceme necessary.

David Gillis, AsMA Annual
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