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C. SUMMARY 

On July 17, 1996, at 203 1 EDT, a Boeing 747-1 3 1, N93 1 19, crashed into the Atlantic Ocean, 
about 8 miles south of East Moriches, New York, after taking off from John F. Kennedy 
International Airport (JFK). All 230 people aboard were killed. The airplane was being operated 
as a 14 Code of Federal Regulations (CFR) Part 121 flight to Charles De Gaulle International 
Airport (CDG) at Paris, France, as Trans World Airlines (TWA) flight 800. Wreckage from the 
airplane was recovered from more than nine square miles of ocean. Reconstruction of portions of 
the wreckage found evidence of an explosion in the center wing fuel tank (CWT). 

The Air Force Safety Center, Directorate of Engineering and Technical Services, 
informed the Safety Board in March 1999 of the existence of a 1980 Boeing study about Air 
Force E-4B' fuel tank heating. The Safety Center provided the Safety Board with pages from the 

' The E-4B is a military variant of the commercial 747 and has the CWT volume of the 747-200 (and subsequent) 
airplanes. The E-4B CWT volume shown in the study is 110,812 pounds, which is about 17,000 gallons (at 6.51 
pounds per gallon). The September 1990 TWA 747 Systems Handbook shows that the CWT volume for the 747- 
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first volume of the study on April 30, 1999. The Air Force E-4B/C-I 8/T-43 Engineering Branch 
provided the Safety Board with a copy of the complete study on June 29, 1999. The four volume 
study was titled “CENTER WING TANK FUEL HEATING STUDY” (Document No. D226- 
20582-1, -2, -3, -4) and had a release date of March 14, 1980. 

The complete study was almost 900 pages i n  length and most of volumes two through 
four were tabular listings of numerical data that the 64 page first volume summarized in text and 
charts. The first volume contained sections for an Abstract. Introduction. Analysis, Design 
Modification Study Results, Conclusions, and Referenccs. The fourth \~) lume also contained 
copies of notes that had been taken during the tests. 

This addendum to the Group Chairman Factual Report includes tlie 64 pages of volume 
one and examples of the notes found in volume four. 

Robert L. Swaim 
TWA 800 S\,stems Group Chairman 

100 CWT is 12,890 gallons. The additional fuel volume is contained i n  an area that \+as a dry ba) i n  tlie 747-100, 
located between the spanwise beam 3 and the forward spar. The E-4B CWT teniperatLirt: probe is located near the 
center of the rear wing spar. 
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ABSTRACT 

The requirement that  the E-4B be capable of world wide remote 
deployment to  suppor t  the NEACP mission leads t o  a requirement f o r  
understanding fuel temperature as a function of the environment during 
ground operation over a 48-hour period. T h i s  document presents the 
resu l t s  of a study t o  define the resul tant  fuel temperatures under the 
extremes of the mission requirement. Operational constraints are defined 
in terms of fuel load limitations fo r  the a i r c r a f t .  Recommendations to  
reduce the severi ty  of the operational l imitations include h o t  weather 
tes t ing to reduce analysis conservatism and insulation of the center 
wing  tank base t o  reduce the e f fec t  of pack bay heating. 

KEY WORDS 
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1 .0  Introduction 

ground operation for  a 48-hour period represents a severe constraint  not 
placed on the original a i r c ra f t  design. 

Under environmental e x t r p e s  ( the 125OF MIL-STD-210A hot day) with 
average a i r  temperatures of 103 F and a high solar  load on the wing, wing 
t a n k  fuel temperatures could be expected to  reach 112OF.  With the Liquid 
Cooling System and one SHF operating, temperatures in excess o f  120 F 
were predicted. 

The requirement t h a t  the E-4B a i r c r a f t  be capable of self-sustained 

As the Functional Area Specification allowed use of ground water 
fo r  LCS heat rejection under environmental extremes, the CUR presentation 
(Nov 1976) showed acceptabl e performance fo r  the w i  ng tanks and i nsuff i c i  ent 
j u s t i f i ca t ion  fo r  recertif ication of the allowable fuel temperatures to  
higher values for  JP-4. 

Subsequent concerns related to  center wing tank fuel temperatures 
which were impacted by the addition of the 4 t h  a i r  cycle machine in the 
air  conditioning equipment bay i n  the fa i r ing  direct ly  under the fuel 
tank. These concerns led t o  the placement o f  a fuel temperature gage on 
the a i r c r a f t  fo r  the center wing t a n k .  

DT and E testing, however, was conducted w i t h  minimum ground 
operation times and under moderate ambient temperature conditions. Under 
these condi t ions no probl ems were experienced. 

The  question of the existence o f  a potential problem remained due 
t o  reports af. JAL commercial a i r c r a f t  operating out of Hawaii experiencing 
loss of CWT fuel feed during the ascent t o  a l t i tude .  

IOT and E environmental tes t ing a t  Howard Air Force Base (Januagy 
1979) demonstrated fuel temperatures i n  a l l  tanks i n  excess of the 110 F 
allowable JP-4 fuel l imit .  These temperatures also appeared in excess of 
the expected fuel temperatures fo r  the reported conditions. This, however, 
was confused by fuel temperature gauge inaccuracies estimated t o  be on the 
order o f  1 2 O F .  

TCP-102) t o  provide a detailed analysis of the CWT fuel heating problem. 
The technical work statement for  TCP-92 follows: 

A t  Air Force direction Boeing in i t i a t ed  TCP-92 (and subsequently 

. .  
is 
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11.9.1 CENTER WING TANK FUEL OVERTEMPERATURE STUDY 

11.9.1.1 General Requirements 

Perform a study of the overheating of the fuel i n  the Center 
Wing Tank during a deployed 48 hour Ground Alert Operation 
under MIL-STD-210 Hot Day conditions. 

The purpose of this study will be the ident i f icat ion of 
a i  rcraf t operational procedures and hardware modi f i  ca t i  ons 
which will extend the duration of t h e  a i r c r a f t  ground a l e r t  
deployment beyond i t s  present l imitat ions.  

T h i s  study will a1 so address potential  Operational Procedures 
t h a t  may be applied t o  the E-4A Aircraf t .  

11.9.1.2 Task Objective 

Perform a study o f  the overheating of the fuel i n  the center 
wing tank during a deployed 48 hour Ground Alert operation 
under MIL-STD-210 Hot Day environmental conditions. The  
objective of t h i s  study will be the ident i f icat ion of 

a Aircraf t  Operational procedures and 
b Hardware modifications 

w h i c h  w i l l  extend the duration of a i r c r a f t  operation before a 
center wing tank fuel overheat condition occurs. In addition 
t o  identifying the procedures and modifications, the study 
will quantify the duration of time gained before overheating 
occurs. 

11.9.1.3 Ground Rules 

An analyt ical  model of the center w i n g  tank will be developed 
w i t h  su f f i c i en t  detai l  t o  character ize  thermal interact ions 
w i t h  the pack bay, wheel well, and main wing adjacent fuel 
tanks. 

The Ground Alert Operation Scenario will  encompass the 
f o l l  owing elements: 

. .  . .  

, I -  

t 

a MIL-STD6210 Hot Day Prof i le  w i t h :  
1. 1250F max a i r  temperature 
2 .  10!jOF max a i r  temperature 
3. 85 F max a i r  temperature 

Fuel supplied t o  the a i r c r a f t  a t  90°F under a l l  
conditions 

b 

. .  ;:* .. 8 
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11.9.1.3 Ground Rules (Continued) 

c Water supp l i ed  t o  the a i r c r a f t  a t  average  a i r  
temperature when considered 

d Fuel l oad ing  

(1) A i r c r a f t  lands with m i n i m u m  fuel reserves 
( 2 )  All wing tanks f i l l e d  t o  c a p a c i t y  
( 3 )  Center wing tank f i l l e d  w i t h :  

( a )  10,000 l b  
( b )  55,000 l b  
( c )  110,000 l b  

When t a n k  #2 drops t o  5000 l b  below tank  # 3 ,  fuel 
i s  t r a n s f e r r e d  from CWT t o  t o p  o f f  tank #2 .  
Every 24 hours the CWT is  r e f u e l e d  t o  i n i t i a l  fuel 
1 oadi ng. 

(4)  Ground Alert opera t ion  uses fuel from tank #2 
(5)  

( 6 )  

e E l e c t r i c a l  Loads 

(1) 

( 2 )  VLF o f f  

SHF on continuously w i t h  m i n i m u m  rf t r ansmi t t ed  
power 1 eve1 

f The use o f  a l t e r n a t i v e  fuels t o  JP-4 i s  not  t o  be 
s t u d i e d .  

g Preference i s  t o  be given t o  procedures  and a l t e r n a t i v e s  
which  do n o t  use ground wa te r ,  b u t  the  use of ground 
water i s  no t  t o  be ru led  o u t .  

h Main Wing Tanks (#1 through #4)  a r e  n o t  t o  be s t u d i e d  
o t h e r  than a s  requi red  t o  provide  a boundary cond i t ion  
on the Center Wing Tank. 

. .' 
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11.9.1.4 Study Concepts 

Options w h i c h  will be considered a r e  t o  i n c l u d e :  

a I n s u l a t i o n  of the fuel tank base 

b I n s u l a t i o n  of high temperature pneumatic d u c t s  wi  t h i n  
the pack bay 

c Baf f l ing  i n  the pack bay t o  provide an i n t e r f a c e  a i r  
l a y e r  between the pack components and the fuel tank.  
The "cool"  a i r  l a y e r  could be provided by: 

( 1 )  
( 2 )  
( 3 )  

I n s t a l l a t i o n  o f  blowers i n  the pack bay wing box t o  
increase a i r  c i r c u l a t i o n  i n  the pack bay 

New fuel pumps f o r  the center wing tank  coupled w i t h  
r e c e r t i f i c a t i o n  of  the a i r c r a f t  t o  a take-of f  
tempera ture  l imit  g r e a t e r  than the current l l O ° F .  

f Operat ion of  the forward lobe  draw system blowers a t  
h i g h  speed t o  provide a g r e a t e r  cool a i r  f low t o  sweep 
through the pack bay. 

Operat ion of the a i r c r a f t  w i t h  the pack bay doors  open 
t o  increase a i r  c i r c u l a t i o n  i n  the pack bay. 

Forward Lobe System Draw Air Exhaust 
Blowers i n s t a l l e d  i n  the pack bay 
Direc ted  d ischarge  from the packs 

d 

e 

g 

As these ground rules were e s t a b l i s h e d  before  the s t u d y ,  they  were 
in tended  a s  g u i d e l i n e s .  Some modi f ica t ion  o f  the guidelines has resulted 
a s  the s tudy  progressed.  Add i t iona l ly  a second deployment t o  Panama 
(December 1979) has r e s u l t e d  i n  tes t  da ta  (TCP-102) w h i c h  has  been used 
i n  t h i s  s tudy  t o  v a l i d a t e  the thermal model. 

t o  h igher  fuel temperatures  ind ica t ed  t h a t  the e x i s t i n g  booat  pumps were 
capable  o f  recer t i f icat ion t o  h i g h e r  fuel temperatures  (130 F ) .  T h i s  
e f f o r t  was broken o u t  o f  this s tudy and has been worked a s  WR-071. 

presented  i n  the fo l lowing  s e c t i o n s  i n  an abbrevia ted  format .  Extensive 
appendices  (contained i n  Volumes 2 through 4 )  document the d e t a i l s  of 
*he thermal model, the  deployment t o  Panama, and a summary of the 
p e r t i n e n t  computer da t a .  

The i n i t i a l  look a t  new fuel pumps coupled w i t h  r e c e r t i f i c a t i o n  

The results o f  the s tudy  conducted under TCP ' s  -92 and -102 a r e  

, .  ,. , 

. I  
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2.0 Analysis 

The 747 Aircraft wing envelopes 5 large fuel tanks. The  outboard 
mains are contained w i t h i n  the vis ible  wing  essent ia l ly  between the 
inboard and outboard engines. The inboard mains essent ia l ly  span  the 
wing between the wing/fuselage intercept and  the inboard engines. The 
center w i n g  t a n k  l i e s  within the common boundary of the wing and the 
fuselage. The fuel tank capacities are as fol lows: 

outboard mains 27,859 lbs .  (each) 
inboard mains 80,171 lbs .  (each) 
center wing t a n k  110,812 l b s .  

The center wing  tank i s  bounded; across the front  s p a r  by the 
forward lobe, on the upper surface by the main deck f loor  support structure,  
across t h e  rear  spar by the wheel well, on the lower skin by the a i r  
conditioning equipment bay, and on the sides by the bulkhead between the 
center tank and the inboard wing mains. 

Figure 2.1 i l l u s t r a t e s  the general location of the center  wing 
tank and addresses sources of heating for  the fue l .  The f ront  spar  and 
upper surface of the tank are exposed to  the a i r  conditioned a i r c r a f t  
cabin. T h e  rear spar i s  exposed to  the wheel well which i s  open t o  
ambient a i r  under the a i r c ra f t .  The major head load appears t o  be due 
to  the high temperature in the a i r  conditioning equipment by act ing over 
the base of the t a n k .  The f inal  heat t ransfer  p a t h  considered i s  that  
between fuel t a n k s ,  both by conduction t ransfer  along the s p a r s  and by 
convection currents a t  the intertank bulkheads. In the analysis t o  be 
subsequently discussed, the center wing  tank (CWT) was warmer than the 
wing mai.ns, thus the w i n g  tanks served t o  provide a cooling path for  the 
CWT. Note, however, the cooler the w i n g  tank fuel ,  the more effect ive will 
be this mode of cool ing. 

Heat transfer interactions for  the w i n g  t a n k s  involve a l l  heat 
transfer mechanisms: 

a )  convection interactions with the ambient environment ( a i r  
temperature) and w i t h  the CWT fue l .  

b )  conduction interaction with the CWT fuel through the wing 
spars and skin structure.  

c )  radiation interaction with the s u n  (heating),  the sky 
(cooling) and the concrete runway. 

. .  d )  internal heating due to  fuel pump operation, hydraulic heat 
exchanger operation and l iquid cooling system operation. 

11 
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2.0 A n a l y s i s  (Continued) 

o f  t h e  CWT and i t s  i n t e r a c t i o n s  w i t h  i t s  environment f o r  t h e  purpose o f  
f u e l  temperature p r e d i c t i o n  under a l l  combinations o f  o p e r a t i n g  modes and 
ambient environments . 

The purpose o f  t he  a n a l y s i s  conducted under TCP-92 i s  t h e  model ing 

The a n a l y s i s  w i l l  be presented i n  sec t i ons  as f o l l o w s :  

a )  Development o f  t h e  thermal model 

b )  V e r i f i c a t i o n  o f  t h e  thermal model th rough t h e  use o f  t h e  
Panama Deployment Tes t  da ta  

c )  Boundary cond i t i ons  used w i t h  t h e  model f o r  p r e d i c t i o n  purposes, 
and 

d)  The summarized r e s u l t s  o f  the analyses. 

, .* 

I -  , ,  
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2 . 1  Thermal Model Development 

Figures 2.2 and 2.3 i l l u s t r a t e  the complexity of s t ructural  
detai l  associated w i t h  the center w i n g  section fuel tank. I n  order t o  
reduce the complexity of the thermal model and yet re ta in  a l l  s ignif icant  
heat transfer modes, the rear  r i g h t  hand quadrant o f  the tank ( a s  shown 
i n  Figure 2.4)  has been remodeled. 

Pentinent elements of the model include: 

144 structural  nodes 
5 boundary nodes 
3 fuel nodes 

1005. eonductive/convecti ve elements 
2 radiative elements 
3 sources 

Appendix A (Volume 11) contains a detailed account o f  the 
formulation of the model. Included i n  that  appendix are:  

a )  

b )  detailed breakdowns of the nodal areas 

c )  weight dis t r ibut ions and capacitance calculations 

d )  detailed breakdowns of the conductor network 

extensive references to  the drawings 

e )  conductor calculations 

f )  

g )  coding fo r  the variable fuel load subroutine. 

coding for the model and  

Boundary conditions a re  handled as follows: 

a )  

b )  

forward lobe and main deck cabin a re  taken as a fixed 
temperature w i t h  convection interaction w i t h  the t a n k  s t ructure  

wheel well temperature i s  taken as  a variable (from a table 
which follows the ambient a i r  temperature prof i le )  and i s  
convectively coupled to the rear spar 

pack bay temperature i s  taken as a variable (from a table  
which follows the ambient a i r  temperature prof i le )  and i s  
convectively coupled to  the tank lower skin 

c )  

14 
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2 .1  Thermal Model Devel opment (Continued) 

d )  a i r  temperature i s  input  a s  a t a b l e  d r iven  v a r i a b l e  which 
fol lows the MIL-STD-210A p r o f i l e  and i s  convec t ive ly  coupled 
t o  the upper and lower wing  surface. 

e )  ground tempera ture  i s  input  a s  a t a b l e  d r i v e n  v a r i a b l e  w h i c h  
fol lows the same p r o f i l e  a s  the MIL-STD-210A a i r  temperature  
p r o f i l e  and i s  r a d i a t i v e l y  coupled t o  the wing lower s u r f a c e  

s o l a r  f l u x  is i n p u t  a s  a t a b l e  d r iven  v a r i a b l e  wh ich  a l s o  
fo l lows  the a i r  temperature  p r o f i l e  b u t  i s  o f f s e t  i n  time so 
as t o  lead  the a i r  temperature  p r o f i l e .  S o l a r  load i s  i n p u t  
t o  the w i n g  upper su r face  a s  a source  term. 

sky temperature  i s  taken a s  a f ixed  tempera ture  w i t h  a r a d i a t i o n  
i n t e r a c t i o n  w i t h  the upper wing s u r f a c e .  

f )  

g )  

The va lues  a s s igned  t o  boundary cond i t ions  will be presented  i n  
a subsequent  s e c t i o n .  Once the model was completed, the  upcoming 
deployment t o  Panama provided an oppor tuni ty  f o r  a d d i t i o n a l  experimental  
work i n  o r d e r  t o  guide v a l i d a t i o n  o f  the thermal model. 

. I  . .  .) ._ 
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2 . 2  Model Verification 

The d a t a  sheets and logs recorded during the deployment t o  Panama 
are  incorporated into the report as Appendix C (Volume IV).  

The s ignif icant  findings o r  events re la t ive  t o  thermal modeling 
and verification of the thermal model are  itemized as below. 

Measurements were made under the fuselage and wing  of the a i r c r a f t  
below the center wing t a n k  and the inboard mains. The a i r  temperature 
under the wing t anks  was 24 F above the ambient a i r  temperature. S i t i l a r l y ,  
the a i r  temperature under the a i r  conditioning equipment bay was 32 F above 
the ambient a i r  temperature. This increase i s  due to  the pack heat 
exchanger ,discharge heat being exhausted in t h i  s area and forming a trapped 
pocket of hot a i r  under the center section of the a i r c r a f t .  

Measurements were made in the pack bay below the base of the 
center w i n g  tank. A strong gradient was observed i n  the pack bay and 
temperatures well above the expected were recorded. 

The model was subsequently revised t o  ref1 ec t  

a )  

b )  the sequence of events and environmental conditions 

the above temperature increases in boundary conditions and 

experienced i n  the Panama deployment. 

Figures 2-5 and 2.6 depict the comparison between the t e s t  data and the 
analysis over the 70 hour history of the Panama t e s t .  

Figure 2.5 evaluates the CWT fuel temperature. Agreement i s  

a )  

generally good. The following comments seem appropriate: 

A t  the 12  hour mark a sudden torrent ia l  rain (0.67 inches) 
caused measured temperatures to  fa1 1 bel ow predicted values. 
No e f f o r t  has been made i n  the model t o  account fo r  energy 
removal by evaporation of  that  water. 

Refueling occurred a t  the 24 hour mark. 

Refueling occurred a t  the 42 hour mark. 

b )  

c )  

d )  A fuel t ransfer  occurred a t  the 59 hour mark as the wing  t a n k  
fuel had heated suff ic i  ently to cause an overf i 11 ed condi ti  on 
t o  ex is t .  When fuel began to  sp i l l  from the wings, fuel was 
transferred i n t o  the center wing tank. 

e )  A t  the 63 hour mark a second torrent ia l  rain (0.94 inches) 
again caused measured temperatures t o  f a l l  below the predicted 
value. Notice the s imilar i ty  to  tes t /analysis  deviation a t  the 
12  hour mark. 

,. 
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2.2 Model Verification (Conti nued) 

Figure 2.6 evaluates the inboard t a n k  fuel temperatures. Again 
agreement i s  generally good. The following comments seem appropriate: 

a )  Sunrise a t  the 5, 29, and 53 hour  points are  marked on the 
plots.  Similarly sunset a t  the 17, 41, and 65 hour points a re  
noted. On the wing tanks these should be s igni f icant  events, 
however, the cloud cover associated with the ra infa l l  events 
has diminished the e f fec t  of the solar load var ia t ion.  

b )  After both ra infa l l  periods the t e s t  data shows an of fse t  
from the analysis due to  the energy required to  reevaporate 
water . 

c )  Refueling (conducted into the CWT) had an indetectable impact 
an the inboard wing. tanks. . 

d )  A t  the 42 hour mark when the LCS heat load was switched into 
the fuel tanks, a dramatic impact occurred. T h e  dashed l ine  
i l l u s t r a t e s  the expected r i se  for  LCS heat load i n t o  the fuel .  
Poor agreement would have resulted w i t h  the t e s t  data. The 
solid l i ne  shown was generated by d o u b l i n g  the LCS load into 
the fuel tanks. The. test data has been checked t o  verify that  
the LCS load was distributed between a l l  four wing tanks. 

The only change i n  operating characterist ics t o  occur a t  t h i s  point 
was addition of LCS heat in to  the fuel .  Remembering tha t  the fuel 
temperature probe reports fuel-temperature a t  a specif ic  point in the t a n k  
and the analysis shows bulk fuel temperature, one might deduce t h a t  with 
t h e  LCS operating a d i f fe ren t  c i rculat ion pat tern.exis ts  w i t h i n  the fuel 
t a n k .  This resul ts  i n  a higher than average temperature a t  the  probe 
location. 

In an  e f for t  t o  show agreement between analysis and t e s t ,  the 
model has been revised to  show a doubled LCS load in to  the fue l .  As th i s  
i s  the only measurement the f l i g h t  engineer has ,  this can be assumed 
representative o f  what the f l i g h t  engineer will see i n  service.  

In conclusion, the model can be shown t o  agree w i t h  test  data once: 

a )  pack bay temperatures were increased t o  measured values 

b )  local a i r  temperatures are increased to  measured values, and 

c )  LCS heat loads a re  increased t o  re f lec t  the measurement point - 
rather than the fuel average temperature. 

The necessary boundary conditions used i n  the analysis a re  discussed in 
, ‘the following section. 

20 
D226-20582-1 

DO m o o  2 14s O R I C .  4 / 7  I 



8 R 

0226-20582-1 



4 
N 

I 
m 

22 
0226-20582-1 



.’ :. 
..-e 

.. 

cs 
rr, 

. . . .  . . . .  _______ .- 

__ - - .. ... - ..... 

__ . . - - . . - -. 

. 

.............. 

. . . .  . . . . .  . .  . . .  . .  . . . . .  . . .  _ _  ... _. .... ...... -. .. 
. .  . . . . . .  

. I , . .  
. .  . .  . . . . . . . . .  

3 0 
6 F 

0226-20582-1 



3 

k 

13 c 0 
0 
i 

0 
6 0 

Do 
0 r 



2 . 3  Boundary Conditions 

Where possible boundary conditions have been taken from e i ther  
MIL-STD-210A or from the statement of work groundrules for TCP-92. 

A i  r Temperature 

The a i r  temperature pgofile shown in Figure 2.7 i s  taken from 
MIL-STD-210Aofor the hot (125 F )  day. T h i s  prof i le  was used for  a l l  days. 
For every 10 F tbe peak temperature was reduced, the minimum temperature 
was reduced by 2 F. Once the ambient  a i r  temperature was fixed, i t  was 
increased by 12 F around the wing  t o  accommodate local heating from the 
a i r  cycle machine discharge. 

Surface Temperature 

The ground temperature prof i le  shiwn in Figure 2.7 i s  modeled to  
follow the a i r  temperature prof i le .  The maximum and minimum temperature 
values were scaled from a Minuteman study, conducted i n  Yuma, Arizona, 
re la t ive  t o  a ig  temperature. Again, for  every 10°F in peak temperature 
reduction, a 5 F decrease was taken i n  the minimum. The temperature 
decrease in ground (concrete surface) temperature 1 i nearly fol lows the 
decrease in a i r  temperature. That i s ,  i f  the peak a i r  temperature decreases 
10°F, the peak ground temperature also decreases 10°F. 

Sky Temperature 

range of peak day temperatures. 
was assumed i n  the humid environment cases (Panama t e s t  simulation). 

An effective sky temperature of 10°F was assumed for  the 85-125OF 
An effective sky temperature of 45OF 

These sky temperatures were taken t o  be consistent w i t h  the a i r  
conditioning design analysis presented in 67101.06.26. 

P,ack Bay Temperature 

the impact of pack bay temperature on the CWT fuel temperature, the packo 
bay temperature under the tank was taken as ambient a i r  temperature + 95 F .  

Based on the measurements taken a t  Panama and an examination of 

Aircraft  Compartment Temperature 

The main deckocabi n and forward 1 obe compartment a i r  temperatures 
were assumed t o  be 85 F and to  remain constant throughout the 48 hour time 
period. 

so1 a r  FI ux 

The solar  load prof i le  i s  shown in Figure 2.7 as i s  the prof i le  
'of the solar  load reflected off the ground surface up  onto the bottom 
o f  the wings. 

... 
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THE COMPANY 

2 .3  Boundary Conditions (Continued) 

S o l a r  F l u x  (Continued) 

MIL-STD-210A. For h u y i d  environments (Panama t e s t  c o r r e l a t i o n )  a peak 
va lue  of 90 w a t t s / f t  was used ( a l s o  taken from MIL-STD-210A). 

2 The s o l a r  f l u x  peak va lue  of 105 w a t t s / f t  i s  taken from 

The s o l a r  load p r o f i l e  was intended t o  lead  the a i r  and ground 
temperature  p r o f i l e s  by two hours.  However, a f ive hour l e a d  worked i n t o  
the a n a l y s i s  wi thout  being de tec ted  u n t i l  l a t e  i n  the  a n a l y s i s  phase.  
A d i s c u s s i o n * o f  the small  e r r o r  induced i s  conta ined  i n  paragraph 2 .4 .3  
(Paramet r ic  S t u d i e s ) .  

S o l a r  Absorp t iv i ty  

w h i t e  p a i n t .  
A sola-r a b s o r p t i v i t y  of 0.35 was assumed a s  t y p i c a l  of  an aged 

Sol a r  Ref 1 e c t i  v i  t y  

A s o l a r  r e f l e c t i v i t y  of 0.35 was taken  a s  t y p i c a l  of  r e f l e c t i o n  
o f f  conc re t e  s u r f a c e s .  

Fuel Load 

The fuel burn r a t e  used was taken from the tes t  da ta  a t  Panama 
(January,  1979) and was 3500 pounds per hour.  The wing tanks  were 
assumed t o  remain fu l l  and the CWT had vary ing  fuel weights under the 
ground rules o f  the s tudy .  

unless otherwi se noted.  
The i n i t i a l  fuel temperature  was assumed t o  be onloaded a t  90°F 

The impact of v a r i a t i o n  i n  these boundary c o n d i t i o n s  i s  d i scussed  
i n paragraph 2.4.3 (Paramet r ic  Yari a t i  on) .  T h e  model , a s  desc r i  bed 
previous ly ,  a f t e r  v a l i d a t i o n  through the Panama t e s t  experience, and i n  
conjunct ion  w i t h  the just descr ibed  boundary cond i t ions  was used t o  
p r e d i c t  performance under widely ranging ambient cond i t ions .  Those 
performance p r e d i c t i o n s  a r e  descr ibed  i n  the fo l lowing  paragraphs.  

'.' 
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2.4 Analysis Resul ts 

The resul ts  of the analysis will be discussed i n  three sections: 

a )  Delivered Configuration 
The analysis presented in th i s  section pertains to the delivered 
a i r c ra f t  configuration. 

b )  Insulated Configuration 
The analysi s presented in t h i  s section predicts performance for  
an a i r c r a f t  w i t h  insulation added to  the exterior base of the 
CWT. 

c )  Parametric Studies 
Sometimes called sens i t iv i ty  s t u d  
t h i s  section presents performance 
assumed boundary conditions. 

es ,  the analysis presented in 
changes with changes i n  

Appendix 6 (Volume 111) contains copi s of three typical computer 
runs. Appendices D ,  E and F (Volume IV) contain a summary of a pertinent 
computer runs and selected fuel temperature reports.  

2.4.1 Del i vered Conf i gurati on 

Considerable analysis has been conducted on the delivered 
configuration of the a i r c r a f t .  The analysis has been directed toward the 
dual goal of understanding performance and developing operational 
techniqtm t o  prolong time on station under extreme environmental 
conditions . 

Figure 2.8 depicts the maximum fuel temperature attained i n  the 
CWT and inboard main tanks f o r  a range of ambient peak a i r  temperature 
days. For example, on two successixe 105OF days, the maximum fuel 
temperature in the CWT reached 140 F and the maximum temperature i n  the 
inboard w i n g  mains reached 132.5OF. 

exceed 13OoF on a l l  days with peak temperatures above 89 F.  Similarly 
the inboard wing main fuel temperatures exceed 13OoF on a l l  days with 
peak temperatures above 101OF. 

w i t h  the LCS heat dissipating into the wing fuel tanks. 

performance with time over the 48 hour period f o r  85, 95 and 105OF 
peak ambient a i r  temperature. The discontinuity i n  CWT fuel 
temperature a t  the 24 hour mark i s  the resu l t  of refueling with 90°F fuel .  

From Figure 2.8 one may deduce tha t  the CWT fuel iemperatures 

Note that  the data of Figure 2.8 i s  fo r  self-contained operation 

Figures 2.8.1 through 2.8.3 i l l u s t r a t e  fuel temperature 

Figure 2.8 serves notice tha t  w i t h  ambients above 89OF some action 
must be taken t o  reduce the CWT fuel temperatures. 
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2.4.1 Delivered Configuration (Con t inued)  

o p t i  o n s a p pea r i mmed i a t el y : 

don't fuel the CWT, in which case self-sustainei  operation can 
be continued until  peak a i r  temperatures of 101 F are reached, 
o r  

divert  the LCS h e a t  from the fuel tanks into the g round  heat 
exchanger. 

Figure 2.9 depicts the maximum fuel temperature a t ta ined in the 
CWT and inboard main tanks for: the same range of peak ambient a i r  
temperatures. The data shown i s  for  operation w i t h  the LCS heat 
dissipated i n  the ground water heat exchanger. 

without exceeding the 130 F fuel l imit .  Of greater importance, however, 
i s  the impact on the inboard main t anks .  The inboard wing mains will 
operate t o  the MIL-STD Hot Day requirement (125 F day) without fuel 
overheats. 

The CWT may now opgrate over a range of peak ambients up  t o  105OF 

Figures 2.9.1 through 2.9.3 i l l u s t r a t e  fuel temperature 
performance with time over the 48 hour period for 105, 115 and 125OF 
peak ambient a i r  temperature days. 

action m u s t  be taken t o  reduce the CWT fuel temperature. 
Figure 2.9 serves notice t h a t  w i t h  ambients above 105OF some 

Figures 2.10 and 2.11 show the reduction achieved in maximum 
fuel temperature when the i n i t i a l  fuel temperature i s  reduced. The less  
t h a n  2OF reduction over a 48 hour period indicates t ha t  s ignif icant  gains 
are  n u t  t u  be achieved w i t h  reasonable reductions in i n i t i a l  fuel 
temperature. 

fuel load i n  the CWT. Smaller fuel loads could heat more rapidly. 
All preceding studies have been conducted with a 110,812 pound 

A study was conducted to  define the allowable fuel load envelope. 
Figure 2.12 i l l u s t r a t e s  the r e su l t  of t h i ;  study. Small fuel loads can 
be burned off before the fuel reaches 130 F. Large fuel logds have 
suff ic ient  mass t o  delay heating to  temperatures above 130 F. However, 
as shown i n  the Figure, a considerable envelope ex is t s  within which 
acceptable operati on i s not possible. 

t he  e f fec t  of insulating the t a n k  base was conducted. 
As a resu l t  o f  t h i s  r e s t r i c t ive  operational envelope, a study of 
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Figure 2.8.1 

Fuel Temperature Variation w i t h  Time (85OF Peak Air Temperature) 
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Figure  2.8.2 

Fuel Temperature V a r i a t i o n  w i t h  Time (95'F Peak A i r  Temperature) 
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Figure  2.8.3 

Fuel Temperature V a r i a t i o n  w i t h .  Time (105OF Peak A i r  Temperature) 
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F igu re  2.9.1 

Fuel Temperature V a r i a t i o n  w i t h  Time (105OF Peak A i r  Temperature) 
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Figure 2 . 9 . 2  
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Figure 2 . 9 . 3  
Fuel Temperature Variation with Time ( 125OF Peak Ai r Temperature) 

rRAPlE 1 

8 5 . 0 -  

0 0 . 0 .  

7 5 . 0 '  

1 5 0 . 0  I 1 1 1 1 I I I I I 1 I I 1 

48 HOUR ALERT 
LCS IIEAT INTO GROUND WATER 
REFUEL AT 24 HOURS 
90°F INITIAL F U E L  TEMPERAT RE 

I I I I I I 1 1 I I I I L 1 

T O .  01 1 0 . 0 0  2 0 . 0 0  3 0 . 0 0  4 0 . 0 0  5 0 . 0 0  8 0 . 0 0  7 0 . 0 0  0 

I. T I M E  

37 
D226-20582-1 



b D 
ell 
Qc 
3 

sl 
J 

38 
D226-20582- 1 



, ,. 

D226-20582- 1 



U 

L L  

d 
2 

2 
2 

9 

9 

3 



2.4.2 Insulated Configuration 

conductive transfer from the a i r  conditioning equipment bay.oUninsulated 
pneumatic ducting i n  the bay elevates the "pack" bay some 95 F over 
ambien a i r  temperatures. This equipment bay encompasses the en t i re  

t o  slow the rate  of heat transfer into the fuel .  Additionally, insulation 
of the pneumatic ducts will a lso serve to  reduce the equipment bay a i r  
temperature. 

The dominant source of heating into the CWT fuel i s  convective and 

144 f t  h base of the CWT. Insulation over the base of the tank will serve 

Figure 2.13 i l l u s t r a t e s  the equipment bay configuration under the 
CWT. 

Figure 2.14 depicts the maximum fuel temperature attained i n  the 
CWT. The study i s  shown w i t h  LCS heating into the fuel .  Three curves 
are  shown. The no insulation curve i s  repeated from Figure 2.8.  The two. 
insulated curves shown span the range from poor to  good insulation 
effectiveness. 

I t  i s  expected that even with insulation, the CWT will have 
overheats (sel f-sustai  ned) when peak ambient a i r  temperatures of 105OF 
are  exceeded. 

However, from Figure 2.8 i t  can be observed that  self-sustained 
operation above peak ambient a i r  temperatures of 10l°F will  cause 
problems with the inboard w i n g  mains. 

Figure 2.15 depicts the maximum CWT fuel temperature with the 
LCS heat load dissipated i n t o  the ground water system. Again, three 
curves are shown. The no insulation curve i s  repeated from the Figure 2.9 
baseline analysis. Here we conclude t h a t  no overheats will occur for  fu l l  
tank loads a l l  the way up t o  the 125OF MIL-STD hot day. 

Figure 2.15.1 i l l u s t r a t e s  fuel temperature hi story w i t h  time over 
the 48 hour period for  a 125OF peak ambient a i r  temperature day. 

Figure 2.16 depicts the resu l t s  of a study to  define the 
allowable fuel weight envelope. Again, i t  i s  seen t h a t  res t r ic t ions  must 
be placed on certain median fuel loads. Comparison with Figure 2.12 shows 
that  the insulation o f  the tank considerably reduces the envelope of 
operational res t r ic t ion.  

Before concluding th i s  study, an e f fo r t  was made t o  examine the 
sens i t i v i ty  of several of the assumed parameters. 
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Figure 2.15.1 

Fuel Temperature Variation with Time (125OF Peak Air Temperature) 
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2.4.3 Paramet r ic  S tud ie s  

Several o f  the assumed environmental boundary cond i t ions  have been 

As expected, the inboard mains a r e  sensitive t o  e x t e r n a l  

i n v e s t i g a t e d  and the results a r e  summarized i n  Table 2.1.  

environments ( a i r  and sky tempera ture ,  s o l a r  f l u x ,  and s o l a r  a b s o r p t i v i t y )  
while the CWT i s  extremely sensitive t o  equipment (pack) bay 
temperature. The inboard mains r e a c t  most s t rong ly  t o  ambient a i r  
temperatures.  

Other paramet r ic  v a r i a t i o n s  : 

a )  LCS load ,  

b) i n i t i a l  fuel temperature,  and 

c )  CWT fuel load ( q u a n t i t y )  

may be e x t r a c t e d  from the d a t a  summary s h e e t s  of Appendix D .  

Figure 2.17 shows the impact o f  varying the landing t, ,ne r e l a  
t o  sunrise. The  time shown i n  the F i g u r e  i s  number of hours from the 
s t a r t  of the deployment t o  sunrise. The MIL-STD-210A p r o f i l e  on this 
p l o t  would have sunrise a t  1 2  hours. The time phasing of the MIL-STD 
day appears t o  be worst  c a s e  f o r  s tudy .  

i ve 

Figure 2.18 shows the impact of varying the time l a g  between 
sunrise and ambient a i r  temperature increase, Oue t o  an o v e r s i g h t  the 
models used i n  th is  study had l a g  times ranging from the intended 2 hours 
t o  7 hours. From the Figure i t  can be seen t h a t  th is  would cause e r r o r s  
on the order o f :  

a )  

b )  

0.4OF f o r  the CWT and 

4.OoF f o r  the inboard wing mains. 

These numbers do n o t  appear t o  be s i g n i f i c a n t .  
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. .  

PARAMETER 

T a b l e  2.1 

S E N S I T I V I T Y  STUDY 
( 1 2 5 ~ ~  BASELINE) 

(48 HOUR MAXIMUM) 

INBOARD M A I N  TANKS 

AMBIENT A I R  AT = -6.7 
TEMPERATURE TF -10 

SKY - AT = 1.6 
TEMPERATURE AP 20 

A T  = 0.3 - -  PACK BAY 
TEMPERATURE AP 20 

AT = 0.4 - -  SOLAR FLUX 
AP 20 

AT = 0.9 - -  SOLAR 
ABSORPT I V  I T Y  AP 0.05 

CENTER WING TANK 

A T  = -3.5 - -  
AP -10 

A T  = 0 . 7  
T20 

AT = 0.2 m 2 0  
A T  = 0.5 - 
A P  0.05 

4 7  
D227-20582-1 

U N I T S  

DO 6000 2 145 O R I G .  4 / 7  I 



d 
d 
t 
3 
3 

FIGURE 2.17 

FUEL TEMPERATURE VARIATION WITH RELATIVE LANDING T IME 
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FIGURE 2.18 

FUEL TEMPERATURE VARIATION WITH SOLAR LOAD/AIR TEMPERATURE L A G  TIME 
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3 .0  Design Modif icat ion S tud ie s  

A s t r u c t u r a l  diagram o f  the center wing tank was pre  a red .  I t  shows t h e  
b a s i c  geometry of the wing center s e c t i o n  and a d j a c e n t  s t r u c t u r e ,  and 
i d e n t i f i e s  f r o n t ,  m i d ,  and r e a r  s p a r s ,  spanwise beams, tank  end r i b s ,  
BL 0 r i b ,  f l o o r  beams, keel beams, f a i r i n g  beams, i n t e r c o s t a l s ,  u p p e r  
panels, lower pane ls ,  and wing-body f a i r i n g .  I t  i s  documented a s  Layout 
LO-1000, and i s  shown here a s  Figure 3.1. 

The fo l lowing  hardware modi f ica t ions  were considered:  

a .  In su la t ion  of tank skin panels ;  

This  modi f ica t ion  would i n s u l a t e  approximately 400 squa re  feet  
of the wing  center s e c t i o n  lower pane l s ,  by i n s t a l l i n g  22 
i n s u l a t i o n  b l anke t s  w i t h  40 y a r d s  of  Velcro t a p e  hook and p i l e ,  
as shown i n  Layout LO-1002. See Appendix B. Addi t ional  weight  
would be approximately 26 pounds. 

b. In su la t ion  of  bleed a i r  ducts; 

T h i s  modi f ica t ion  would i n s u l a t e  approximately 93 fee t  of  
7-inch-diameter bleed a i r  d u c t s  l oca t ed  beneath the center 
wing tanks .  S ix teen  b lanket  s e c t i o n s  would be i n s t a l l e d  by 
ty ing  c i r c u m f e r e n t i a l l y  w i t h  f i b e r g l a s s  t ape  a s  shown i n  
Layout LO-1001 i n  Appendix C .  Addi t ional  weight would be 
approximately 13 pounds. 

c.  Cooling o f  center w i n g  tank panel s u r f a c e s  w i t h  forward lower 
lobe  exhaust  a i r ;  

T h i s  modi f ica t ion  would d i r e c t  exhaus t  a i r  from the forward 
lower lobe  a long  the bottom s u r f a c e s  of  the tank .  F ibe rg la s s  
pane ls  would be used t o  form a channel under the CWT through 
which forward lobe  exhaus t  a i r  would be d i r e c t e d .  Addit ional  
w e i g h t  would be approximately 100 pounds. 

Three a d d i t i o n a l  concepts were considered:  

d .  I n s t a l l a t i o n  o f  blowers i n  the a i r  cond i t ion ing  pack bay; 

e .  Baff l ing  i n  the tank bay t o  u t i l i z e  pack d i scha rge  a i r ;  

f .  I n s t a l l a t i o n  o f  larger fuel pumps. 

HQwever, pre l iminary  i n v e s t i g a t i o n  of  the wing c e n t e r  s e c t i o n  structure 
i n d i c a t e d  t h a t  implementation of  Items d ,  e, and f would r e q u i r e  
extensive s t r u c t u r a l  and e l e c t r i c a l  con t ro l  modi f ica t ions  r e l a t i v e  t o  
implementation of Items a ,  b ,  and c. Study o f  t hose  items, therefore, 

'.bas n o t  cont inued.  
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3.0 Desi gn  Modification Studies (Continued ) 

Work statements and conceptual design sketches were generated fo r  the 
f i r s t  three a i r c r a f t  modification concepts. The work statements a re  
presented in the following three sections. 
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3.1 Insu la t ed  Configurat ion (Tank Skin  Pane l s )  

GENERAL DESCRIPTION OF CHANGE: 

Provide i n s u l a t i o n  b lankets  a t t ached  t o  approximately 400 square  
fee t  of tank skin panel su r f ace .  

DETAILED DESCRIPTION OF CHANGE: 

1. Prepare rework drawings t o  i n s t a l l  approximately 22 new 
i n s u l a t i o n  b lanket  assemblies ,  and add Velcro t ape  t o  tank 
undersi  de  ski n panel s . 
a )  I n s u l a t i o n  b a t t i n g  mater ia l  w i l l  be BMS 8-48 Type 111, 

C las s  11, Grade 0.6 (1.00 +.25 T H K . ) ,  and covered w i t h  
BMS 9-3 (112 o r  113) ,  Type-B, Class  7 ( p l a i n  Volan A 
.003 - ,005 THK f i b e r g l a s s ) .  

Velcro t ape  pi le  (HAQ12-2-100 o r  equ iva len t )  bonded t o  
b l anke t s  per  D6-2862 using BAC5010 Type 72 ,  o r  type  48 
ad hes i ve . 

b )  

c )  Velcro t ape  hook (HAQ12-1-200 or  equ iva len t )  bonded t o  
t a n k  skin per  BAC5010 type  44.  

REFERENCE:  

Figure 3 . 2 .  
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3.2 I n s u l a t i o n  o f  Bleed A i r  Ducts 

GENERAL DESCRIPTION OF CHANGE: 

d iameter  b leed a i r  duc t i ng  l oca ted  beneath the  Center Wing Tank, between 
S t a t i o n  990 and 1252. 

Prov ide  i n s u l a t i o n  b lankets  f o r  approx imate ly  100 f e e t  o f  7 - inch  

DETAILED DESCRIPTION OF CHANGE: 

1. Prepare rework drawings t o  i n s t a l l  new i n s u l a t i o n  b lanke t  
assemblies per BMS 8-8E Type V I I ,  Grade B t o  the  f o l l o w i n g  
ducts:  

69B00082 
69B40967 
65B4 1130 
65841132 
69B40078 
69B41161 
69 B4 1 160 
65B41151 
65B40100 
69B00074-9 

65B4 1 12 1 8494-47824-1 
69800074-7 8494-47825-1001 
69B41284 8494-47821-1 

8494-47823- 1 
8494-47120-1 
8494-47121-1 
8494-47122-1 
8494-47123-1 
8494-47822- 1 

69B40998 

( A l l  b l a n k e t  assemblies w i l l  have i n t e g r a l l y  sewn t i e s  t o  e l i m i n a t e  
c l  amp r e q u i  rernen t s  . ) 

REFERENCE 

F igu re  3.3. 
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3 . 3  Cool ing CWT Skin Panels 

SUBJECT: 

Center Wing Tank Underside Surface Cooling Us ing  Area 10 Outflow Air  

GENERAL DESCRIPTION OF CHANGE: 

outf low a i r  t o  10 r ec t angu la r  shaped, three s ided ,  f i b e r g l a s s  d u c t s ,  
s t r a t e g i c a l l y  bonded t o  the tank s k i n  from S t a t i o n  985.93 t o  S t a t i o n  
1232.64. Added w e i g h t  will  be approximately 100 pounds. 

Provide a i r f low t o  underside s u r f a c e  of tank by duc t ing  Area 10 

DETAILED DESCRIPTION OF CHANGE: 

1. Prepare rework i n s t a l l a t i o n  and assembly drawings t o  perform the 
fo l lowing  t a s k s :  

a )  Remove the e x i s t i n g  two 7101-42598 d e f l e c t o r s  and i n s t a l l  two new 
aluminum manifolds each conta in ing  seven 3-inch d iameter  hose 
s t u b s  (L & RBL 45) .  

b )  Add f o u r  BACD40A12-336-8AZ (3.00 1.0. X 7 f t . ) ,  and three 
BACD40A12-480-8A2 (3.00 I.D. X 10 f t . )  f l e x i b l e  hoses from each 
manifold t o  en t r ance  s tubs  a t t a c h e d  t o  new r e c t a n g u l a r  coo l ing  
duc t s .  

Add f ive  new f i b e r g l a s s  cool ing d u c t s  on L . H .  and R . H .  s u r f a c e s  
of the Center Wing Tank bottom pane l s .  The d u c t s  w i l l  be 2-ply 
s t r u c t u r a l  l amina te  per BAC 5529 i n  h a t  section shapes w i t h  
varying widths  extending from s t a t i o n  985.93 t o  s t a t i o n  1232.64. 
Each duc t  en t r ance  a t  s t a t i o n  985.93 will be a c losed  r e i n f o r c e d  
end conta in ing  tube  s tubs  a s  r e q u i r e d ,  and the exhaus t  exit  a t  
s t a t i o n  1232.64 will be open t o  t h e  pack bay. All duc t s  will be 
a t t ached  t o  the tank underside by adhesive bonding per BAC 5010 
type  44. Each duc t  r u n  will be made from a minimum of  t h r e e  
s e c t i o n s ,  t o  f a c i l i t a t e  i n s t a l l a t i o n  through the pack bay 
framework. 

REF ER ENC E : 

Figures  3 .4  and 3.5. 
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FIGURE 3.4 CENTER WING TANK SURFACE COOLING 
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FIGURE 3.5 CENTER WING TANK SURFACE COOLING N 
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4.0 Concl us i ons 

For the delivered a i r c r a f t ,  the conclusions of t h i s  study represent 
operational constraints.  All constraints are valid for  the E-4B 
configuration, those constraints related t o  LCS operation do not pertain 
t o  the E-4A configuration. 

Remember also,  t h a t  the operational constraints summarized herein 
are only related t o  the CWT and consider the wing tanks t o  be 
continuously f i l l e d .  The operational constraints are sumnarized as follows: 

a )  I f  t h e  center wing t a n k  i s  f i l l e d  every 24 hours, and fuel i s  
burned a t  a ra te  suff ic ient  to  power the APU a n d  one engine: 

1) the LCS heat must be dissipated in the ground heat 
exchanger on a l l  days ofor which the peak ambient a i r  
temperature exceeds 89 F. 

2)  on a l l  days for which the peak ambient a i r  temperature 
exceeds 104OF, a fu l l  fuel load will resu l t  in 
temperatures in excess of 13OoF. 

b )  I f  the LCS heating i s  dissipated into ground water; the 
allowable fuel load restr ic t ions of Figure 2.12 apply. 

c )  I f  LCS heating i s  dissipated into the fuel t a n k s ;  the allowable 
fuel load res t r ic t ions  are considerably more severe t h a n  
depicted in Figure 2.12. 

I n  l ight  of the res t r ic t ions  imposed on the operation o f  the 
a i r c ra f t  i t  i s  recommended tha t :  

1) a h o t  weather testldeployment be conducted t o  a d r y  desert  
location with as  high an ambient a i r  temperature as possible. 

The purpose of t h i s  t e s t  i s  the removal of conservatism 
inherent in the analysis due t o  the assumption of local a i r  
temperature around the wing and pack bay temperature being a 
fixed temperature difference in excess of  ambient a i r  
temperature. 

2 )  Instrumentation f o r  t h a t  t e s t  should include fuel t a n k  
temperature probes designed to  examine gradients within the 
fuel t a n k  with and without LCS circulation. 

This apparent s t r a t i f i ca t ion  of fuel in the t a n k s  made i t  
necessary t o  double the LCS heat load in the analysis t o  assure 
t h a t  calculated fuel temperature agreed with temperatures that  
would be indicated to  the f l i gh t  engineer. Better understanding 
of these fuel temperature gradients may permit expanding the 
operational envelope through procedure and/or hardware changes. 
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4.0 Conclusions (Cont inued) 

3 )  The bottom s k i n  o f  t h e  CWT and the  access ib le  pneumatic duc ts  
w i t h i n  t h e  pack bay sou ld  be i n s u l a t e d  t o  reduce t h e  o p e r a t i o n a l  
c o n s t r a i n t s  t o  be imposed on the  a i r c r a f t .  
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FLIGHT ENGINEER NOTES 



( c  L I Gl-l'r EN G I NEERS STAT l' ON NOTES) 
28 D ~ c  79 1200-- 

16062 TeLh c o n t r o l  r e a d i n g s  DO NOT AGREE WITH FLT.  E N G R .  p o s i t i o n  
lI.'/E: 8 4  = 7 5  d e g r e e s  F / E :  #:L = S 1  d e g r e e s  
T / C :  H 4  = S O  ' I  T / C -  #1 = 8 1  I '  

(PACK OUT PUT RE'ADINGS) 

1 6 0 5 2  S w i t c h  Fwd. o u t f l o w  t o  A U T O  LT.  and L T .  J e t t i s o n  pumps on 

9 
PAGE 1 OF 

't 

I 

z= t 5  h o u r s  

0500 

Note; Left  j e t t i s o n  pump C/W ON arld L'ud. ouzflsw valve auto l e f t .  
L 0745 Fog in  upper rest area zone 1 a t  70 degrees ,zone a t  69 degrees,  heat  up 

zone :# 1. 

OS10 Fog i n  rack ,  brought temperature t o  75 degrees,  #1 6 f f4  pack. 
OS30 11.99 rack overheat , p u t  #16#4 p a c k s  t o  7 0  d e g r e e s ,  p r i o r  t o  t h i s  

#1 p a c k  h a d  g o n e  u p  t o  8 0  d e g r e e s .  

OSJOmois ture  on  r a c k  e q u i p m e n t ,  s w i t c h e d  AFT. l o b e  c o n t r o l  f r o m  
NORMAL t o  CLOSED. 

1 1 0 0  S w i t c h  t o  r i g h t  j e t t i s o n  pump on C / W ,  S w i t c h  t o  r i g h t  o u c f l o w  
v a l v e  t o  AUTO.  

1 1 4 5  AFT.  l o w e r  l o b e  s t a r t e d  g e t t i n g  f o g  , r a i s e d  t e m p e r a t u r e  t o  
SO d e g r e e s  f r o m  a p p r o x i m a t e  75 d e g r e e s .  

17201 SllF had  a power Gl i tch  , D C  Amps K i c k  up  f rom + 2 0  Amps t o  
+ S O  Amps. 
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~ 4 1 1 ~ -  Took r e a d i n g s  N o  p r o b l e m  

5 2 6 ~ -  Brough t  b o t h  #1 X 4  p a c k s  b a c k  t o  7 0  d e g r e e s a s  t e c h  c o n t r o l  
r e q u e s t e d .  

1 5 4 0 2  n”2 Pack o v e r h e a t e d  t o  1 8 0  d e g r e e s F  w e n t  t o  t r i p ,  t u r n e d  p a c k  OFF 
and  r e s e t .  

1 6 1 5 2 -  P u t  l f 2  P a c k  b a c k  on  , p a c k  o p e r a t i o n  n o r m a l .  

1 S 1 4 z - - L o w e r e d  a1 a n d  8 4  p a c k  t o  7 0  D e g r e e s  F f o r  t e c h  c o n t r o l .  

1 9 1 5 -  Dew p o i n t  25, o u t s i d e  a i r  temp.  30 d e g r e e s  C 

1 9 5 9 z - N o t i c e d  # 2  Pack  o s c i l l a t i n g ,  ACM OUTLET TEMP. g o i n g  f rom 5 5 d e g r e e s  
t o  SO d e g r e e s  F ,  a n d  b y p a s s  v a l v e  was g o i n g  f rom 1 0  t o  40 b a c k  
and  f o r t h .  

2 0 1 S z - T r o u b l e  s h o o t i n g  # 2  p a c k  p r o b l e m ,  s w i t c h e d  p a c k  c o n t r o l l e r s .  
Pack  # 3  c o n t r o l l e r  i s  b a d .  s w i t c h e d  o v e r  t o  # 3  p a c k  , a n d  p l a c e d  
i n  N A N U A L  o p e r a t i o n  by d i r e c t i o n  o f  Msgt .  l a r g e .  P a c k s  # 1 , 3 , 4 ,  a r e  
now i n  M A N U A L ,  p a c k  3 b y p a s s  v a l v e  p o s i t i o n e d  f u l l  O P E N .  

2 0 3 8 ~ - O v e r h e a t  f l i c k e r e d  on  f u e l  t a n k # l  m o m e n t a r i l y ,  t w i c e ,  a t  39 d e g r e e s  

2 0 4 5 2 -  Tank a1’ f l i c k e r e d  a g a i n  O V E R H E A T  same r e a d i n g s  as  a b o v e  s t a t e m e n t .  

C y  Tech “ c o n t r o l  r e a d s  3 6 . 5 d e g r e e s  C .  

9592-Tank a 1  f l i c k e r e d  a g a i n  a t  same r e a d i n g  

ZlOSz-Tank !/1 i n t e r m i t t e n t l y  shows a O V E R H E A T ,  a t  3 9 d e g r e e s  C .  
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i 2 1 2 3 ~ - F l t .  e n g i n e e r s  #1 f u e l  t a n k  t e m p e r a t u r e  s t i l l  shows anDVERHEAT i n t e r -  

'1302-FLT. e n g i n e e r s  #1 f u e l  temp. i n d i c a t e s  same a s  above s t a t e m e n t .  

21372-SAME i n d i c a t i o n  as  above  

m i t t e n t l y  a t  3 9 d e g r e e s  C .  

I 
2138~-OVERHEAT f l a s h e d  m o m e n t a r i l y  on # 1 F , # 2  t a n k s ;  T/C 81=37Degrees  C 

# 2 = 3 4  C 

-. 

F / E  #1=39 D e g r e e s  C 
# 2 = 3 7  c 

2 1 4 2 2  t l  t a n k  i s  s t i l l  f l a s h i n g  a n  OVERHEAT a t  4 0  d e g r e e s  C . T e c h  c o n t r o l  
r e p o r t s  t e m p e r a t u r e  a t  37 d e g r e e s  C .  

# 2  t a n k  d o e s  n o t  f l a s h  OVERHEAT a t  a l l  a t  t h i s  t ime a t  37 d e g r e e s  C .  
22392-81  t a n k  d o e s  n o t  f l a s h  OVERHEAT as  o f t e n  a t  39 d e g r e e s  C .  

2 3 1 4 ~ - S h u t  down #1 e n g i n e  f o r  r e f u e l ,  No d a t a  t a k e n  a t  2 4 0 0 2  . 
2 3 3 3 2 - R e f u e l  s t a r t e d  t o t a l  f u e l  2 7 1 , 0 0 0 1 b s .  C/W51,750 

2 3 5 7 ~ - r e f u e l  f i n i s h e d  t o t a l  f u e l  327,5001bs.C/W108,750.  
O O O O z - C / N  Tank r e a d i n g  39 d e g r e e s  C.. 

II 

I I  

I 1  

I I  

39 !:1 
38 " $ 2  

1 3  8 1  35 " 

3 3  I t  k'4 It  

1 1  1 1  

I 1  4 1 1  

1 1  

I I  

j :  
P 

0 2 6 z - l o w e r e d  t 4  p a c k  ACM o u t l e t  temp. f r o m  7 5  d e g r e e s  t o  70 d e g r e e s ,  
i n c r e a s e d  #1 pack ACM o u t l e t  temp. from 68 d e g r e e s  t o  70 d e g r e e s .  

0 0 2 0 ~ - S t r a t r e d  8 1  e n g i n e  a n d  c o n f i g u r e d  f o r  s e l f  s u s t a i n e d  o p e r a t i o n .  

OlIIUz-Changed cwd. o u t f l o w  from RT. AUTO t o  LT.  AUTO.  

0112z-AFT l o w e r  l o b e  r e p o r t e d  f o g  a t  v e n t s .  R e s e t  p a c k s  H.1614 f r o m  7 0  deg,F 
I 1 

ACM t o  75 dcg.F ACM f o g g i n g  s t o p p e d .  

0 1 2 2 z - n " l  IIyd. q u a n t i t y  g a g e  jumped f rom 9 t o  1 0  g a l .  and c o n t i n u e d  
t o  jump u n t i l  01232.  

0 1 2 3 2 -  H1 t a n k  t e i n p e r a t u r e  has n o t  come o n  s i n c e  23142 a t  e n g i n e  s h u t  down. 

0 3 2 S z - # 1  Tank OVERHEAT l i g h t  b l i n k s  v e r y  d i m l y .  

c)357z-1?1 t a n k  O v c r h e c l t  l j _ $ h t  s t i . 1 1  b l i n k s  a t  4 0  d e g .  C .  

0 4 1 3 2 -  8 1  TankOVERHEAT f l a s h s  t e n d  t o  s t a y  a t  a c o n s t a n t  OVERHEAT i n d i c a t i o n s  I a t  4 0  deg ,  C ,  Tcc l i  c o n t r o l  r c a d s  3s d c g ,  C .  

0 5 0 6 ~ -  li'l tank  OVERI-[EAT s t i l l  i s  t r y i n g  f o r  a c o n s t a n t  O V E R H E A T . , # 2  t a n k  
f l a s h e s  m o m e n t a r i l y ,  Tech C o n t r o l  r e p o r t s  samc. 

34 
D226-20582-4 . _ _  __.-- - 



b PAGE 7 OF 9 

13002-SHIFT CHANGE; L T .  COL PYKE s t a t e d  we h a v e  f l a t  t i r e  # 1 6 .  

13102- A2 p a c k  t r i p p e d  , r e s e t  ok ACM o u t l e t  70 d e g .  F .  

13202-  Mr. l u d w i g  a n d  S g t .  d u v a l l  a r e  l o o k i n g  f o r  t i r e  a n d  e q u i p t .  

T h e r m a l  p l u g r e l e a s e d .  

1 
n e c e s s a r y  f o r  t i r e  c h a n g e .  

- I 
1 3 4 0 z - d i s c o v e r e d  t i r e  t h e r m a l  p l u g  p o p p e d  a t  10  o c l o c k  p o s i t i o n .  

1 3 4 7 z -  r e q u e s t  f r o m  t e c h  c o n t r o l  t o  l o w e r  t emp .  f rom 76deg .  F t o  72deg .  F 
011 p a c k s  # 1  a n d  # 4 .  

1 3 5 9 2 -  # 2  f u e l  t a n k  o v e r h e a t  l i g h t  i s  now on  STEADY.  

16132-  # 4  p a c k  t r i p p e d  r e s e t  O K ,  ACM o u t l e t  temp.  70 d e g .  F .  

16132  - t e c h  c o n t r o l  r e p o r t e d  f o g  i n  r a c k s ,  ACM o u t l e t  t emp .  68  d e g .  F 

1 6 1 7 2 - H a v i n g  d i f f i c u l t y m a i n t a i n i n g  75 d e g .  F ,  o n  p a c k s  1 and  4 .  They k e e p  

I I 0 
on p a c k  #1,  p a c k  #2 6 5  d e g .  F r a i s e d  temp. t o  7 2  d e g .  F on  b o t h  p a c k s .  

o s c i l l a t i n g  f r o m  7 5  d e g .  F t o  68 d e g .  F . T h i s  o c c u r e d  f o r  a p p r o x .  
4 5  m i n u t e s .  

1 7 0 0 ~ -  p a c k s  l ’ a n d  4 a r e  s t a b i l i z e d .  

1 7 0 l z p a c k  2 i s  r u n n i n g  g r e a t  w i t h  no  p r o b l e m s  s i n c e  1 3 1 0 2 .  
I 

7202 c u r r c i i t  temp. i s  29deg .  C a n d  D e w  p o i n t  i s  2 4  

1 7 3 0 7 -  g r o u n d  man s a y s  f u e l  i s  v e n t i n g  f r o m  L T .  s i d e  o v e r b o a r d  v e n t .  

FUEL, READINGS : # 1 R E S .  #1 # 2  # 3  # 4  #4RES. C/W 

t 3 , 2 7 5  28 .0  7 8 . 8  7 5 . 9  2 8 . 0  3 , 2 0 0  4 6 . 0  

5 0  d e g .  - _ _ _ _ _  i -UEL TANK TEMP: - - - -  4 6  4 4  4 4  45  

17392-  t r a n s f e r r e d  f u e l  t o  C/lV t o  s t o p  v e n t i n g  

17402-  READJNGS AFTER TRANSFER: 

C/W H 1  RES .  H 1  # 2  # 3  # 4  # 4  R E S .  

6 3 . 0  3 . 0  2 4 , 9 5 0  7 2 . 3  7 0 , 2 5 0  24 ,950  2 , 9 7 5  

I 
- 

1 7 4 9 2 -  FUEL TANKS TEMP. 
C / K  # 1  H 2  # 3  # 4  

4s 4 7  4 6  46 46 
+~++++++++f++++++++f++++++++++++++++++++~++~+i+~+f+++~++~++++++++~+++++ 

* CAL,CilL:’\‘TED A P P R O X .  1 7 , 0 0 0  l b s .  f u e l  t r a n s f e r r e d  t o  C/W t a n k  

1 t r i p p e d  , R e s e t  O K ,  ACE1 o u t l e t  9 0  D e g .  F 
36 
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i 
28 D E C  7 9  

1 7 0 5 2 -  1 1 . 9 9  o v e r h e a t  i n d i c a t i o n  
1 7 0 9  1 1 . 5 4  o v e r h e a t  i n d i c a t i o n  
1 . 7 1 4  1 1 . 5 4  o v e r h e a t  OK 
1 7 2 . 7 2 -  a d j u s t  a i r  temp. i n  a f t .  l o b e  down t o  6 5  d e g .  

! 

I 
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29 DEC 7 9  

Y 

q o 1 0 ~ -  V L F  r a c k  f a u l t  s u s p e c t  o v e r h e a t ,  a r e a  w a r m  b e h i n d  rack  . 
1 5 4 2 -  l o s t  a i r  f l o w  

~ 1 5 6 ~ -  a i r  f l o w  b a c k  
02152-  temp.  i n t o  b a c k  o f  616A r a c k  8 3  d e s .  a t  f r o n t  a b o v e  master c l o c k  

0 2 3 5 2 -  1 1 . 9 9  r a c k  o v e r t e m p .  

0 5 3 8 ~ -  r e d u c e d  e l e c t r i c a l  l o a d s  f o r  r e f u e l i n g  
07302-  power up  on a i r c r a f t .  
08182-  a l l  d a t a  s y s t e m s  OK 
1 0 4 S z -  o v e r h e a t  1 1 . 5 6  a n d  1 1 . 2 2  
1 0 4 6 2 -  f l t .  d e c k  w o r k i n g  p r o b l e ,  temp.  s e t  f o r  70  d e g .  
1 0 5 9 2 -  o v e r h e a t  r e s e t  f r o  1 1 . 5 5  
11062-  o v e r h e a t  f o r  1 1 . 2 2  went  OFF 
1 2 0 1 2 -  had  f l i g h t  d e c k  r a i s e  t h e  temp t o  70 d e g .  F 
1 2 4 4 2 -  c h a n g e d  Lcs pump f rom 1 t o  2 
1 2 5 5 ~ - - 1 1 . 2 2  o v e r h e a t  
13082-  h a d  f l t .  d e c k  l o w e r  temp. t o  70  d e g .  
15242-  had  f l t .  d e c k  l o w e r  temp. on p a c k s  # 1  6 # 4  
16052-  had  f l t .  d e c k r r l i s e d  temp.  on  p a c k  1 6 4 ,  P a c k  #1=70 d e g .  Pack #4=67 
1 8 1 5 2 -  1 1 . 2 2  6 1 1 . 5 5  o v e r h e a t s  l o w e r i n g  p a c k  #1 6 # 4  t o  70-deg . .  
1 S l O z -  f l o w  t h r u  g r o u n d  c o o l i n g  was 2 2  GPM r e t a r d i n g  i t  t o  o r i g i n a l  

1 S 3 0 z -  d r o p p e d  f l o w  t o  1 8  G P M  
3.5357- temp. r r s i n g  c o o l a n t  s u p p l y  o v e r  45 and  c l i m b i n g  
1 8 4 0 2 -  k l y s t r o n  k i c k  o f f  @ 49deg.  r e t u r n  was 53 d e g .  C 

1 9 0 0 ~ -  Beam ON 
1 9 0 0 : 3 0  43deg C T/C 100 d e g .  F 1 0 . 1 3  
1 9 0 1 ; 3 5 -  4 5  d e g  C 1 0 3 . 5 F  
1 9 0 3 ; 1 4  45 d e g .  C s u p p l y  5 2  d e g  C 109deg F 

1 9 8 0  r e t u r n r 3 S  d e g .  d i s c h a r g e  9 7  d e g  F Beam ON 
1 9 0 8 : 3 0  4 4  " 1 2 3 . 1  
1909 48 'I 1 3 2  
1 9 0 9 :  30 49 1 3 4 . 2  
19  30 49.5  1 3 5 . 7  
1 9 1 0 . 3 0  5 0 . 5  1 3 6 . 7  
1 9 1 1  51 1 3 7 . 2  
1 9 1 1 :  30 5 1 . 5  1 3 8 . 5  
1912 52 1 3 9  
1 9 1 2 : 3 0  5 3  r e t u r n  1 4 5  

9 5  d e g . - a t  1 1 , 9 9  b e t w e e n  TR 1 3 5  d e g .  
. .  02402-  a l l  C-3811 N i g h t w a t c h  p r e s e t s  a r e  I N .  b '  

p o s i t i o y  o r  p r e v i o u s  d a y  w h e r e  w e  e x p e r i e n c e d  k l y s t r o n  k i c k o f f .  

'3592- t a k i n g  r e a d i n g s  of  i n l e t  t emp.  @ L C S  i n l e t  9 7 d e g . F ,  r e a d i n g  @ c o o l a n t  
s u p p l y  37 d e g .  C 

5 2  d e g l C  r e t u r n  

4s s u p p l y  

.JOTE: l a t e  e n t r y  f o r  15452 U H F / F D M  Tx power s u p p l y s  1 , 3 , 5 ,  k i c k e d  H z  v o l t a g e  
c a u s i n g  g l i c h e s  i n  C P E  and AFSATCOM, a f t  l o b e  was f o u n d  t o  b e  
f o g g i n g .  m o n i t o r i n g  c o u l d  n o t  b e  a c c o m p l i s h e d  a s  t e s t i n g  o f  
g r o u n d  c o o l i n g  wxs i n  p r - o g r c s s .  

2 0 0 2 ~ ;  1 1 - 2 2  O v e r h e a t  l e f t  73 d e g .  r t .  7 0  d e g .  F / E  r e a d s  7 8  I t .  7 5  r t .  
"I40 a f t e r  d r y i n g  o u t  t h e  RF g e a r  f o r  f t 1 , 3 , 5 ,  UHF/FDM Txs  b a c k  up w i t h  H I  

v o l t a g e  and power .  
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29 DEC 7 9  CONTINUED; 

2 1 1 5 2 -  f l l  f u e l  t e m p .  overtcrnp l i g h t  s t a r t e d  t o  f l a s h i n g  i n t e r m i t t e n t l y .  

23122- packs  . 2  6 4 s h u t  o f f  
73332-  61GA rack  95  d e g  p l u s  

-23002: e n g i n e s  s h u t  down f o r  r e f u e l  SHF beam down 

3402- 6 1 6 A  i n p u t  a i r  t o  rack 96deg+ r e p l a c e d  p rogram c l o c k  616A a l a r m s  
a r e  O K .  

30  DEC 7 9  

0 ( , ~ 2 0 2 -  f l t .  deck  a d v i s e s  power s t a b l e ,  t r a n s i t i o n  LCS t o  FLT.  _ _  c o o l e r  mode. 
0 0 2 5 z - -  6 1 6 A  c r a s h  
02522-  # 1  f u e l  ove r t emp  l i g h t  f l a s h i n g  , temp. i n  t a n k  37  deg .  C 
0 2 5 9 2 -  1 1 . 2 2  o v e r h e a t  
03272- 6 1 6 A  wel l  R 6 R p rogram c l o c k  3 demod. 

No te ;  La te  e n t r y ;  0315 t r o u b l e  s h o o t i n g  o f  d a t a  s y s t e m s  s t a r t e d ,  d a t a  s y s .  
#1 5 x 5  d a t a  s y s t e m  # 2  down, # 3  K W - 7  a l a r m  # 4  KW-7 NO Rx. 

0 4 0 0 2 - d a t a  #1 4 x 4  
04102-  # l  f u e l  temp. ove r t emp .  l i g h t  c o n t i n u e s  t o  f l a s h  and l i q u i d  c o o l i n g  

0 7 0 0 ~ -  a u t o d i n  modem #1 b a d ,  c o n s t a n t  d a t a  q u a l i t y  s w i t c h e d  t o  #2 modem. 
08352 o v e r h e a t  1 1 . 2 2  r a c k  
08372-  VLF c o a x  a l ram 
08412-  V L F  coa? alarm went  away c h a r g e  T x  l i n e  w i t h  SF6 
0 8 5 0 ~ -  o v e r h e a t  11 .99  
0 9 2 3 2 -  1 1 , 2 2  o v e r h e a t  went  o f f  
0 9 2 5 2 -  1 1 . 2 2  o v e r h e a t  l i g h t  i l l u m i n a t e d  

7 2 6 2 -  1 1 . 2 2  o v e r h e a t  went o f f  
.,329z- 1 1 . 9 9  o v e r h e a t  went  o f f  
0 9 3 0 2 -  b y  l o w e r i n g  t h e  t e m p e r a t u r e  t o  b o t h  r a c k s  and t h e  compar tment  i n  

alarm i s  i n t e r m i t t e n t  #1 f u e l  temp. r e a d s  38  d e g .  

a r e a  11 t h e  o v e r h e a t  a l a r m  went away on 11 .99  and 1 1 . 2 2  b o t h  
l i g h t  went  o u t  a v e r y  s h o r t  t ime a f t e r  temp. a d j u s t m e n t s  were 
tiiadc 

10382-  fogginga  i n  a r e a  11 e q u i p t .  r a c k  , r a i s e d  temp. a w a i t i n g  r e s u l t s .  
1 1 2 2 2 -  o v e r h e d t  1 1 . 2 2  had f l t .  deck lowered  t h e  temp. 2 t o  3 d e g ,  and 

1 2 0 0 2 -  1 1 . 2 2  o v e r h e a t  wen t  o u t  f o g g i n g  n o t e d  1 1 . 5 7  and t e c h  c o n t r o l  a r e a .  
12092-  1 1 . 2 2  o v e r h e a t  f l t .  d e c k  a d j u s t e d  temp. 
1 2 1 1 2 -  1 1 . 2 2  o v e r h e a t  went  o u t  
12122- change b lower  of  SHF f rom 1 t o  2 .  

2 t o  3 dcg  I I I O T C .  

r a c k  c o o l i n g  f rom f a n  1 t o  2 
l i q u i d  c o o l i n g  pumps from 2 t o  1 

12152- 1 1 . 2 2  o v e r h e a t  l i g h t  i l l u m i n a t e d  
1 2 1 9 2 -  1 1 . 2 2  o v e r h e a t  l i g h t  went  o u t  
1 2 5 8 2 -  1 1 . 2 2  o v e r h e a t  

1 3 3 4 2  11 .55  o v e r h e a t  opened  v a l v e  amd o v e r h e a t  o u t .  
13372 c l o s e d  '11.55 v a l v e  
13462 11 .55  alarm A 1  s e n s o r  11 .99  f l i c k e r i n g ,  l o w e r i n g  temp 5 deg  

1 4 0 9 2  SHF k l y s t r o n  down 4 4  deg  s u p p l y ,  48 deg r e t u r n  

L I A .  # 3  c o n s t a n t  t u n e  

b o t h  r a c k s  (1 6 4). 
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30 DEC 7 9  C O N T I N U E D :  

2 2 4 0 2  a i r c r a f t  door  H3 l e a k i n g  w a t e r  
' 2 4 8 2  1 1 . 2 2  o v e r h e a t  
. a t e  e n t r y ;  2 2 4 0 2 :  back t o  normal  f l t .  c o o l e r  mode. 
23302 AFSAT wideband modems 1 6 2 c o n t i n o u s  f a u l t .  
23392 AFSAT o p e r a t i o n a l  swapped na r row band modems and wideband # 2  modem wid 

band # 2  & , l  507 and nar row band1 # 1 1 6 5  modems bad. t h e r e  i s  no 
7 0  M H Z  o u t  p u t  Of J - 9 .  

1 1 0 4 2  1 1 . 5 5  o v e r h e a t  temp. 1 0 5  deg .  
&6 
31432 c l o s e d  VLF and SHF 2 v a l v e s  
02432 swbd. i n t a k e  a i r  a l a r m  
0 3 1 0 2  1 1 . 5 5  o v e r h e a t  o u t  
0 4 1 2 2  V L F  coax  a l a rm 
L a t e  e n t r y ;  0330 a l l  sys tems s h u t  down e x c e p t  f o r  SHF a l l  o p e r a t o r s  d e p a r t e 4  

0 4 1 6 2  V L F  coax  r e p r e s s u r i z e d  a l a r m  OFF 
0 4 1 7 2  SHF PA f a u l t  
04182 1 1 . 2 2  a l a rm o f f  
0 4 2 2 2  # 4  f u e l  temp. over temp.  h a s  s t a r t e d  t o  f l a s h  o f f  # 4  temp. 39 deg .  C 
0 4 4 1 2  SHF sys t em s h u t  down 
0 4 4 2 2  a l l  sys t ems  down 
0 4 5 0 2  a l l  t e c h  c o n t r o l  p e r s o n n e l  d e p a r t e d  

31 DEC 7 9  
4 

1 i. 
1 1 3 5 2  T A X I ,  f l t .  c o o l e r  mode 

packs  1 , 2 , 4  show O N  
packs  1 , 2 , 3 , 4 ,  show f low 

1 1 4 0 2  TAKE OF1; 
1 2 0 3 2  CPE memory power s u p p l i e s  t r i p p e d  a t  power on.  
1 2 3 :  Z a l l  ovqrtemps c l e a r e d .  
1 2 3 3 %  VLF coax  a l a r m  
12332 Autodid  modem#l checks  5x5,  p o s s i b l e  h e a t  problem 

NOTE: AFSAT K G 1  problem l a s t  n i g h t  a p p e a r s  t o  be  a p e r i m e t e r  problem.  
12562 AFSAT order .wi r . e .A /T  h a s  key f a u l t  
1 2 5 7 2  S G - 5 7 2  bay 2 h a s  no p i l o t  t o n e  
1342 p r imary  power t o  1 4 1 T ,  i n  t e c h  c o n t r o l  went away 
1342;54  power r e t u r n e d  
1345 p r imary  power t o  1 4 1 T  i n  t e c h  c o n t r o l  went away 
1423 Autodin  KG13 has resume problem i n  t r a n s m i t t e r  , r e s e a t e d  PCBs in K G .  
1 5 4 2 2  # 4  ARC-89 PA o v e r h e a t  
1 5 4 4 2  # 4  ARC-89 PA o v e r h e a t  o u t .  
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