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FOREWORD

Tnls report was prepared in the Theoretical Mechanics
Branch, 8tructures Division, Air Force Flight Dynamics Labors-
tory, Research and Technology Division, Wright-Patterson Air
Force Base, Ohio. The graphic segments of this report vere
prepared by the Unifers;ty of Dayton Research Institute, Dayton,
Ohio, under Air Porce caitruct Number AFP33(616)-6719, Research
and Development Project 1367, "Structural Design Criteria,"

Task 136717, "Empirical Loads Interpretation and Analysis."
This project and task are part of the Air Force Systems Command's
Applied Research Program TS50A, "Mechanics of PFlight."

The flight dats used in this report were extracted from
:tporty_.q@ data sheets vwhich were prepared by Repubdlic
Aviation Corporation and the Convair Division of General
Dynamics corporatién.

Manuscript released dy the autkor, August 1965, for publi-
cstion as & FDL Technical Report.

This technical report has been reviewed and is approved.

Acting Chief
Structures Division
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ABBTRACT

This report presents supersonic Irllgnt aata Irom an
ingstrumented B-58A and F-105D aircraft. These data comprise
supersonic Mach number, altitude and recorded and predicted

temperatures at various wving and fuselage stations. Data

present-tion @p 1p the form of curves, plots and tabdbles with

pertinent descriptive information. These firdings are
presented herein to provide a basis for extending the state-
of-the-art in structural design criteria for current and

future flight vehicles.
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SECTIOR I
INTBODUCTION
The progreasively incressing 221zh3

s5peeds of consecutive
generations USAF military sireraft result in correspondingly
increasing tempesature= on the aircraft surface and subsequently
on the interior structure. This heating of the airframe during
high epeed flight through the atmosphere is termed aerodynamic
heating. Aerodynamic heating poses serious problems to the
structural desfigner of supersonic and hypersonic flight vehicles,
since, high temperatures in the sairframe adversely affect the
responre of the structure to static an¢ dynamic¢ losds. Conse-
quently, standard methods of stress analysis, design procedures
and practices, materials selection, ete. must be modified to
include thermal effects. Therefore, it is relevant to investi-
gate proéedurea for predicting airframe temperatures and actual
recorded alrframe temperiturea obtained during high speed flight.
It is the purpose of this report to present, primarily,
tepperature data from high speed flights of the B-58A and F-10SD
aircruft and as availeble compare these data with predicted

values. This presentation of actual and predicted data is

intended to verify current tempereture prediction techniques,
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or as required, bve useful for modifying or developing new
prediction techniques. In addition, the tabulation of recorded
temperature data &t specific Mach numbers is expect;d to snhance
the development of atructural design criteria for current and
future flight vehicles.

These tvo diverse types of aircraft (B-58A and F-105D) are
included vithin the acope of this report decause of rear identi-
cal Mach number and altitude rangzs and that actuel flight
temperature data vere available from each aircraft. The B-58A
sireraft vas designed and fabricated by the Convair Division
of Genersal Dynamics Corpeoration, Fort Worth, Texas. The F-105D
aircraft vas designed and fahricated by the Republic Aviation
Corporation, Farmingdale, New York. Additional airplane descrip-
tive information is contained in Section 2.2 "Weapon Syttemsﬁ

of this report.
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DISCUSSION

2.1 Purpose

The B-58A and F-105D aireroft temperature loads surveys
vere conducted to measure structural temperatures during steady-
state and transient maneuvers for comparison with predicted
and design temperatures and for investigation of any unknown
critical temperature that might be incurred during critical

design flight conditions.

2.2 WVeapon Systenms

2.2.1 B-S58A Aircraft Information
B-58A airplane number b, USAFP 8/N 55-663, was enployed

to conduct a structural temperature survey. This test aircraft
vas structurally similar to production aircraft except, as
modified to sllov for test instrurentation or non-availability
of standard parts at the time of fabrication. The airplane
vas equipped vwith an interim fuel system and J79-1 engines in
lieu of the non-available J79-5 enginer. Major structural
deviations included: modified ving leading edge remova.le
panels, single sheet construction fin leading edge and dorsasl
fairing, single sheet construction nacelle strut leading edge,
open construction nacelle plhcls and modified inboard nacelle

pylon plate., These structural deviations and the incomplete
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flight loads survey mad2 it mandatory to restrict the limit
losd factor to 80 vercent of desisn fPar thia teet aiwavess

The B-58A sircreft, illustrated in Figure 1, is a four
engine, delta ving, air refueladle medium bomber. It cruises
lubloniculiy but is capable of lov altitude supersoni: dashes
up to Mech 2.0. It consists of the primary sircraft known as
the "return component” and a "detachable pod" which has pro-
visions for a special store and fuel. The combination of the
"return component” and the "detachable pod" is referred to as
the "composite aircrsft." The Zuselage is area-rule designed.
The aircraft has s full cantilever midwing with a modified
delta design and a conical cambered leading edge. All of the
ving skin material is 248-T86. Panels 3, 5, § and T have
eluminums honeycomd cores, sli others have fiberglass honeycomd
cores. 8kin thicknesses are shovn in Table 3.

‘The four Genersl Electric engines equipped with after-
burnqu are mounted on separate pylons attached to the under-
side of the wing. The aircrev comsists of a pilot, navigator
and a defense systems operator seated in tandem cockpits.

Dasign veights and load factors are shown in Tabdle 1.
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Table 1

Design Weights and Load Factors, B~58A

Design Limit Operational

Loading Pounds Load Factor Limit
: Empty 55,000
E : Basic » - 63,000
i _ Combat 100,000 43,0, -1.0 2.4, -0.8
? " Desige 135,000 © +2.0, 0.0 +1.6, 0.0

i : " Max Take-Off 163,000
' Max In-Plight 176,845 +2.0, 0.0 +1.6, 0.0

Max Landing 95,000 (recommended)

: 2.2.2 PF-105D Aircraft Infaormation

“E, ( : s The F=-105D aircraft, illustrated in Figurena. is

8 single-place, air refusladble, supersonic, fighter-bombdber.

It is capadle of attaining supersonic speeds at any operational
altitude. The fuselage is an arca-rule-design with svept back
vings and empennage. vlcch ving incorporates an aileron and a

3 spoiler. Zach spoiler is made up of five sections designed

to improve roll cepabilities at high speed. The vwing and

fuselage skins are fabricated of T075~T6 alelad aluminum alloy

sheet. Temperature reduction procedures vere used, vhere high

engine temperatures vere critical, such as, cooling air and

insulation betveen the engine and structural components,
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Pigure 2. 7F-10%D Aireraft

The pover plant is s Pratt and Whitney J75-P-W turbojet
engine equipped vith an afterdburner ard water injection. Rated
882 level static thrust of the nninltcllcdlcnglne is approximateuly
16,100 pounds, with the afterburner 24,500 pounds and vith the
afterburner plus vater injection 26,500 pounds.

The trioycle landing gear has s steerable nose vheel whish

can be engaged or disengaged dy the pilot and automatically
disengages after take-oft. The primary flight controls are
hydraulically actuated. Leading and treilipg edge flaps are
provided to increase 1ift, vhile a four secticn speed bdrake

and drag chute are installed at the aft end ¢f the fuselage

to sllov increased drag. tores are carried¢ in a fuselage
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inclosed bomd bay, thereby keeping the aircraft secrodynamically

clean, hovever, a variety of external stores increases its

capabilities as a fighter-bomber.

The F~105D ia an B8.67"e"

sirplane subsonically end 7.33"g" sirplane supersonically w::ih

no external stores and withir certain wveight and altitude

limitations.

35,00C to 53,000 feet altitudes (Reference 8).

It is capable of velocities up to Mach 2.1 at

Table 2, delovw,

1ists the design veights and design losd factors.

Design Weights and Load Pactors,

Loading

Table

Clean wvithout bomd day tank

Clean vith full bomd day tank
Full bYomd bay tank, 2-450 gal ext tanks Lk, L0O

Pull domd bay tank, 2-450 gal, 1-650
- §81 ext tanks

2.3 Instrumentation

2.3.1 B-5S8A Afrcraft Instrumentation

105D

Load Factor
8067| 7'339 -300

Flight test measurement schedules vere categorized

88 follows for simplicity:

1.
2.
43.
k.

S.

Temperaturs
Preasure
Position
Acceleration

Signals

LR b er—cAY Mgy

PN

.~

-

- SRR~ o




LA
-

P R
s CXTR B J

Tumshvalicu wes waleosive in @ACh O The &DOVe
areas, for example, there vere Lh00 temperature gages, 100

pressure gages, 15 position gages, 75 acceleration gages and

‘%2 signal gages, however, not all of these gages vere active

during any singls flight. &hd'fblporcturc ;Q(.l were FeC

(Iron Constantan) type thermocouples. Flight dats vere recorded

on sirborne Victor magnetic tape rocording'oqﬁiplcnt. ' In order
to condirvo tape tracks, signals from up to 16 thermocouples
vere commutated. Due to the slowly varying nature of the
tﬁcfldéouplo intelligence signal, rete of sampling was once

ciori § locondol The date vere further condensed Bi nultiplex-

Inj the outputs of tvo or more sudcarrier olcillctorq and record-

ing 6n'oie tape track. To increase data reliadility, tvo refer-
chcc thermocouples vere sappled by each commutator.

The tapes vere reduced on Victor playback units and the
data pressnted versus time on 8andorn reacords. The Bandorn
records vare Ranually reduced and the temperatures tabulated.

8ince this report is basically concerned with thermal
meassurements, only the locations of thermocouples are listed
herein. Also, since thormal measurements were not critical,
the contractor only listed the results of a sample numbdber of
gages and s sample section of tvo tlightg,in their report
(Reference 1). The location of these representative temperature

gages is shovn in Tadle 3 and in Figure 1 (Rorcrcnceo 2 and 3).
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Table 3

Temperature Measurement Schedule, B-58A

Left Hand Span 8kin

Gage Nr. Test Item Wing 8ta Sta OJage

: T~99 ¥ing Outer Bkin Upper Surface 198 k2 .020

: T-102  Ving Outer Skin Lower Surface 198 b2 .020
T-llp Loudip; zg;c Outer Skip 200.5 115 .020

T mase w;é';',pue_.r Skin Upper Surface 509 131 .0ko

. T-170 Wing Outer Skin Lover Surface 530 158.5 .0ko :g
T-176  Wing Outer Skin Lover Burface 509 131 .oko '.i
T-196 Elevon Inner Flange Lover Burface 575 167.5 .01 ‘

3 T-191 Blavon Inner Flange Lover Surface 545 16 .01

;1 T-618 Puselage Outer Skin Fuselage Statioa '3ho 135WL 057

h!ﬂ T-621 ,Puulruc Outer 8kin Fuselage Station 385 110WL .0S57

2.3.2 7-105D Adircraft Instrumentation

P-105D airplane, 8/8 53-1155. vas instrumented toA

record sccelerations, shear, dbendiug, torsion, position, rates,

contrnl forces &nd temperatures in pfcpcrction for the flight

loads survey. The data vere recorded on tvo Consolidated

g Blectrodynanics Corporation oscillographs, one Ampex 800 FM/FM

-~ N '

magnetic tépe system and & photo recorder. A RAC 15 channel

H

1

: telemetering unit vas employed to transmit pertinent structural
1 informdtion. (Cliromel-alumel type thermocouples vere employed

5 ' to measure temperatures. Laboratory tests indicated that the

temperature measurements wvere accurate withir *15°F,

10

o .-




e

Since this report 1a"bnlic111y concerned with thermal
messutremenis, only the locations of thermocouples are ziven.
Also, since thermal measurements vere not critical, the contractor
only listed the results of a sample number of gages in his reports
Qnd data sheets. The location of these representative geges is
shown in Table 7.

To measure the epar cap temperatures, thermocouples were
installed .08 inches below the surface of the upper and lover
spar caps respectiQely. These thermocouples were installed at
wing station 145, fuselage station L83.7.
2.4 Description of Tests

2.4.1 B-58A Airplane Tests

The temperature loads survey tests vere conduéted

by the Convair Division of General Dynamice Corporetion. Tadble L
below, shovs the t;ight test requirements for the B-58A structural
temperature survey (Reference L). These tests wvere designed to

provide critical stress and temperature data.

Table U

Test Conditions, B-=-58A

Data Run Condition ‘Altitude Mach Nr.
1 Ground - o -
2 Ground - -
3 T/0 - -
b T/0 ' - -
5 Climd - -




Data Run Condition Altitude Mach Kr.

6 Climd - -

T Climbd - -

] Level 36,000 2.0

9 Level 36,000 2.0
10 As Requiread Low 0.7
1y As Required Low 1.2
12 . Level Maximum 0.95%
13 Accelerate Max/36,000 0.95/2.0
b Decelerate 36,000/ — 2.0/0.95
15 Max Spesd 0/36,000 /2.0

Tests vers performed in both "return component” and
"composite" configurations. Transient maneuvers vere per-
formed to 2.h"¢” which vas the oporationni 1imit for this
aireraft (Bection 2.2.1 and ?nblo l1). Significant segments
of the flight test profiles are shown in Figures 3 and 9. All

test conditions vere tntiirlceorily completed except that some

deviations from the planned test profiles vere nscessary due

to performance limitations of the JT79-1 engines and to sirframe

restrictions (Bection 2.2.1). Major deviations involved design
speed flights vhich wvere performed &t higher altitudes than
planned end modified flight profiles for acceleration and
deceleration maneuvers. Inspection of Figures 3 ard 9 indicetes

\
that the desired Mach numbers vere attained, howvever, the

12

Ty e




P el * ]

altitudes vere highc~ than planned (Table L). As noted above
there vas an 30 percent design load factor restriction. however,
these tests vore effective in providing valid Aeta vhich were
useful in achieving the planned objectives.
2.4.2 F-105D Airplane Tests

The F-105D aircraft temperature loads survey vas
conducted by the Repudblic Aviation Corporation on airplane D-10,
8/K58-1155. Pive flight conditions vere flown to obtain the

most critical temperavure conditions as shovn in Table S5 belov,

Table S

Test Conditions, F=105D

Flight Copai Altitude Load Factor Mach Ny.
53 Max Powver Accelerate to L0,000 2.0 |
1) Max Powver Accelerate to 34,500 1.99

233 Max Power Accelerate to 140,000 2.07

217~k  Max Design Load Factor '1,k00 5.8 2.10

217-5 Max Design Load Factor 28,000 7.6 1.56

The tvo high speed symmetrical pull-outs (flights 21F-b
and 21F-5) from banking turns vere performed to 1imit load factor
at 41,400 feet and 28,000 feet (Reference 9). Temperatures at
these altitudes and at the time of tha tests vere -T6°F and
~13°F respectively. The first temperature vas 6°F colder than
the standard day and the latter temperature (:13°P) vas 27°F

varmer than the standard day temperature.

13
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The symmetricel pull-out at b1,400 feet was per.ormed
subsequert to "heat soaking" the aircraft by accelerating to
and maintaining a Mach number of 2.09 to 2.10 for L0 seconds.
The pull-out vas then executed at Mach 2.08 to 1.85 during
a4 15 second time interval and the maximum measured load factor
vas & 5.8"g" at a gross wveight of 32,740 pounds. This gross
veight wae U percent lover than the design gross weight of
34,018 pounds (FPigures 18 and 19).

‘The symmetrical pull-out at 28,000 feet was executed
subsequent tc "heat soaking" the siructure by accelerating

to and maintaining Mach numbers 2.09 to 2.10 for 4O seconds

- end then maintaining Mach numdberc 2.08 to 1.TL for 85 seconds.

The maximum load factor obtained vas T.6"g" at Mach number 1.56

"snd & gross veight of 31,600 pounds. This gross weight was

7 percent less than design (34,018) pounds.
2.% Discussion of Data
2,5.1 B-58A Airplane Test Data
The bulk of the temperature data, vhich was used
to determine vhether any unknown critical temperature problem
existed, is not inciuded within fhil report since no critical
temperature prodblems were revesled.
“ The B-58A temperature data shown herein were
extracted from seguents Of two flights: numbers 37 and L8,
These tvo flight profiles are shown in FPigures 3 and 9 respec-

tively. These figures indicate that the planned Mach numbers

b
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vere resached and marginally exceeded. The maximum planned Mach

number vas 2.0 (Table 4), wvhereas, the maximum recorded Mach

wae Lh _23In0 Pant [Pisuna
=28 AR,3FV JQ8T (Jagure

w
e

whidrh 4o
TRala o8

1 J
planned but is feasible as compared to the test plan (Table L),
Figures 3 and 9 present the adiabatic wvall temperatures for

fiights 37 and 4B respectively. These adisbatic wall tempera-

. Ft .

i
|
i ' number vas 2.11 (Figure 9). The maximum attained altitude
tures indicate the maximun theoretically possible skin and
internal structural temperatures due to aerodynamic heating
¢ and as & function of time. Hovever, during flight 3T the
maxioum adiabatic wall temperature (215°F) was exceeded in
the ocuter skin leading edge at ving station 200.5 (FPigure T)
and on the outer skipn at fuselage station 340 LH, 135 WL {Migure
8). These recorded temperatures vere 220°F and 223°F respec-
tively. Obdbviously, the differences betveen the theoretical

and recorded temperatures vere not significant, since, they

are vithin the range of possidble instrumentation error. The

adiadbatic vall temperature profiles (Pigures 3 and 9) vere

txceeded intérwittently at the lover tempsratures, however, ;

this 1is not considered significant since the values vere lowv

and the variation not excessive. Generally, the adiabatic

vall tomperature profile is very similar to the recorded

T T _V—'_"'"'—_y T

temperature data profile. Whers there are significent differ-

ences the adiabatic wall temperature profiles are usually

conservative.
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Representative recorded temperature data samples, vhich
resulted primarily froam aerodynamic heating, are presented ?r.
Figures b through 8 and 10 through 15. These figures indicate
the degree of correlation betwesn mensured and predicted temp-
eratures and are shovn to provide a basis for verifying pre-
dictad temperatures and their associated mathematical procedures
(Appendix II). In general, the temperature data in these
figures shov that differences betveen measured and predicted
values are within the range of uncertainty introduced by input
and instrumentation errors. The major sources of error in
the input data for the predicted values are in the thermal
conductivity of the hoansycomd panel and in the free strean

air temperatures. Ezrors in the measured temperatures involve

~ both the thermocouple imstallation, recording system and the

date reduction system. A conservative estimate of the confidance

1imits of the measured and predicted datae is 120° Pahrenheit.
In & fev cases there is a differenmce botvﬁon neasured and
proQ}ctod values beyond that attributed to instrumentation
errors. For these instances, the predicted ;cluco are
conservative.

The temperature data in Figures b through 8 are typical
0f temperature histories at transient conditions, vhile the
datea in Pigures 10 through 15 shov the effects of & more
sustained or steady-state type of flight. For the flight

profile segments shown in Pigures 3 (transient condition) and

16
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9 (steady-state condition), the Mach numters and altitudes !
varied from 1.0 to 2.08; 1.9 to 2.11; 38,000 to LL,300 feet; !
42,700 to 44,000 feet respectively. Genarally, in s range i l
vhere the Mach numbers vere similar for both conditions |
(transient ana lt.léyultlti).>th0 temperatures vere in good
agreement, vhich indicates that chh_nu-bcr and not flight

condition (transient or steady-state) affects temperature.

wengmen :ﬁ—lMI

Where thcrunch number varied, the temperatures varied in
[ direct proportion, which is indicated by the followving bdasic

{ formulae for stagnation end adiadbatic wall temperatures.
- 2
2.5.1.1 T, =T, (1 lil M2)

" 2.5.1.2 T, T, (1+r I3 u2

j The majority of the recorded data as shown in Figures

b through 8 and 10 through 15 vas less than 180° Pahrenheit.

The bighest temperatures (above 200°F) vere recorded at the
ving leading edge, wing station 200, span station 115; fuselege
outer skin station 310LH, 135WL; wing station 509, span station
{ 131; and elevon ving station 545, span station 146. The highest
recorded temperature vas 223°F at fuseluge station 340 LH,

- : 135WL which is 8°P higher than the maximum sdisbatic wall temp-

erature for this flight conditiorn. It is observed that tempera-
tures above 200°F vere recorded on the wing leading edge snd

aft portion of ving.

a7
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riju;o 16 portrays fuselage station 340 LH, 135 WL temp~
crnturil versus Mach number. Thooe date are plotted here bdecause
maximum t;lbcraturos (naximum temperature 223°P) vere registered
at this fuselage ltition;.And to lth'éﬁﬁt téipcrtturc is a '
function of Mach number. The eirclol'(O) are measured data
plots luring flight path acceleration. The triangles (A)
are data plots during deceleration from the peak Mach number
(2.08). The deceleration temperatures for any given Mach
number are higher (10° to MO°P) than the acceleration tempera-
tures. Thi- 1hdicntcs e temperature lag in the fuselage skin.
The diagonal line AB is d4dravn thfough the maximum iccoloiutcd
flight temperatures t0 shov & maxinum possidble temperature
for any given Mach nﬁnbcr. The equation for this line is:

T = 192.5#% ~ 175

Th;s equation will de tested as more data beconmes availabdle.

Figure 1T shows wing leading edge station 200 temperatures
versus Mach numder. These data are plotted bdecause maxinmum
ving temperatures (maximum temperature 220°F) wvere registered
at this wing station, and to further indicate that temperaturs
is & function of Mach number. The circles (O) are measured
data plots during flight path acceleration. The triangles (&)
are data plbts during deceleration from peak Mach numbder (2.08).
The decealeration to-peiaturol for any given Mach nunmber are
gsnerslly higher (5°=20°P) than the accelaration temperatures.

This tndicates & temperature lag in the vwing leading edge

18
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skin, but o a 2esser degree than ‘n ths fuse)
(rigure ). This is attributed to the tkinner skin (.020")

in the ving leading edge as opposed to a skin thickness of

057" in the fu;tlagc skin. The data in Figure 17 shov nearly

s straight line relationship from Mach 1.0 to 2.0.,sft¢r vhieh,
the temperature appears to dbuild up more repidly. This con-
dition vill be checked as more data beccme available. The
ditsonnl line CD is drawn through the m;ximun accelerated flight

tcnpctlturcs to shov & maximum pootiblo tonporatnrc for any

giqu,uneh number. The aquation tor thll linc ic:

T = 225N - 250

The lincl AB and CD in Pignrcc 16 and 17 shov conuidortblo

dotintion at Msch 1.1 but as Mach numbdber 1neroa|c|. tho

: rcevintion decreases until it appears the lines vqnld;lqtcrsecf

at about Mach 2.12, thus indicsting identical temperatures st
this velocity. 7 ' '
Yigures 16 and 17 shovw data from flight 37 onmly. The

Mach number range 2for flight k8 was not sufficient to show

any significant profiles.

In summary, §{t appears that the recorded tcnper&iurc data
vere reliable and correlated quite well with predicted tempers-
ture values, Although all design conditions could not vte attained
due to engine performance limitations and uiftrcme reoﬁrictiont.
it is reasonable to assume that the tclpcriturc data will also
correlate vell at design conditions vhich were now flown. Also,
the recorded temperatures vere not excessive for the aluminup

alloy ving skin (2&8-!86).

19
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The calculated and measured nacelle former temperatures,

I vhich are shovn in Table 6, are higher than the tempersatures
shown i{n PFigures 4 through 8 and 10 through 15, because the
nacelle former temperatures resulted primarily from engine
heating. These temperstures are functions of speed, altitude
and engine pover setting. The calculated temperatures wvere
conputed dy solving the steady-state heat dalance equations:
for tvo representative steady-state conditions, elso sanown
in Table 6. Condition I, as sesn in Table € is the more
critical condition, hovever, the predicted and measured temp-
eratures are in good agreament, the overall sverage ditrerencg
doing less thaa 3%. Also, the predicted values are conservative.

a In conclliion. the steady-state heat balance equations (Appen-

;‘ - éix I1) served very well for p;odicting engine induced structural

] tclp:rni‘;uru at Mach 2.03. |

Condition II (Tabla 6), wvhere the Mach number is only

0.93%5, shovs poor and intermittent correlation betveen the pre-

dicted and messured temperature data. This may indicate thet

the steady-state equations may not be appropriate for lov

i Mach aumbers, hovevar, this lov Mack number flight condition

does mot constitute a temparature prodlem, therefore, further

4iscussion is uannacessary.

20
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Table 6
Predicted ard Mearurcd Nacelle Former

Temperatures, B~58A

Condition I Condition Il

Eacelle
lstntion Flapnge | Predicted | Mescured | Fredicted | Messyred
125 | tamer [2ngor - | 23ncr s1her s10p
125 outer |231°F 219°F + 1°r =1°F
ie27 inner 567°F s12°r 300°r 287°r
221 outar | 412°F hia°p _136°r 1TLoF
2Lk inner 550°F 510°F 288°r 293°F
2hk outer | Lauor woger | 132°F 183°F

Condition I Condition II
Mach HNumber 2.05 0.932
Pressure Altitude h3,000' 30,000

Adfsdatic Wall Temperature 213°r -5°p

2.%5.2 P-105D Airplane Test Du;A
The bdulk of the temperature data, vhich vas ussd
to determine the axistence of any unknovn critical temperature
condition, is not included within this report cgnec no eritical
temperature problems vere revealed.
Representative tenmperature data are shown in Table 7 with
their corresponding design temperatures (Referenceas 6 and 7T)

as available. The design limit values, vhere gvcilcblo. exceed
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.! the measured values by a rather significant margin. Methods §
using the heat balance equations for calculating design temp-
eratures are shown in Appendix III and Reference 6.

' - The iont severs temperature condition wac in flight 21F-)h
iﬂ (T@bl-'5) vhere the Mach number was 2.10 and the altitude:
ux.koo feet, ‘}or this condition, the free strétm total temp-
erature is 215°! and the corresponding adiabatic'wall tempera~
| ture is 2h0°P. Accordingly, 274°F is the maximum theoretical
temperature for ram ventilated compartments and 2LO°F is the
naximum theoretical temperature for aircraft surface elements

which are subjected to serodynamic heating. The 2ho°r surface

recorded surface temperature of 217°F at fuselage station
T34 (Tadle 7). The P-105D airplane wvas designed to an adia-

batic vall temperature of 2L0°F and a stagnation temperature

|
|
F!? temperature is 23°PF or about 10 percent higher than the maximum
]

of 250°F (Reference 5). These latter temperatures were h

based on flight at Mach 2.06 and 34,000 feet altitude.

f‘ Application of £h1| design ctpeed and altitude to the dasic
h; formulas for cslculating adiabatic wall temperature and
} !

otucnition temperature gives 235°F and 269°F respectively.

N e S T

. The contractor (Reference 5) d4id not assume an absolute free
| . . .

stream temperature but modified {t by assuming a 0.3 Mach

! nuaber for air veloc.ty in the ducts. This was to conform to

the 250°F free strewn temperature vhich vas used in the design

e et
"
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of the F-105B sirplane. Hovever, this temperature (250°F)

”
........... - v

&V 33,000 feet aitvitude.

It is apparent from Table 7 that the P-105D measured tempera-

W W AR SN WY A |

| tures vere significantly less than the design tepperatures,
the tvo predicted tei}erltnrcu tfo not eritical for sluminum
At the most severe flight conditions that vere flovﬁ. It 1is
>o$‘orvod in Table T tbat the last three temperatures, which
r resulted from engine heating, are significantly highnr-thnn
the preceeding measured temperatures, however, they are lass

than design temperatures.

23
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Tahle 7

Flight Test Temperature Data, F-1C5D

Fuselage __ Max Temp °F

Iten Btation Design Measured Flt. Condition
. . . Limit

Prame inner fliange T3k 300 217 L0,000' at Maeh 2.0
Drag chute floor - - : 710 270 127 - L40,000' at Mach 2.0
Upper L/H frame 633 311 1ko 34,500' at Mach 1.9
Upper N/E frame : 633 115 3L4,500' at Mach 1.9
Lover R/H frame ' 633 122 34,500' at Mach 1.9
Upper R/E frame 635 385 175 3L4,3500' at Mach 1.9
Lover R/H frane 63% 38s 162 34,500' at Mach 1.9
Cell 3D Ploor 575 280 11 34,500 at Mach 1.9
Puselage ékin inner surfacs 610 225 183 34,500' at Mach 1.9
Frane inner flange, top 576 270 ks 34,500' at Mach 1,9
Prame inner flange, side 576 180 34,500' et Mach 1.9
Airframe engine mt. lowver L/H 501 91 -34,500' at Mach 1.9
Alrfreaue engine at. upper L/H 501 91 34,500' at Mach 1.9
Horisontal stabilator beam 688 120 34,500' at Mach 1.9
Bottom ocell 3D : 610 75 h0,000' at Mach 2.0
Leading «dge 2lap - ving sta 145 195 28,000' at Mach 1.5
Leading edge flap -~ wing sta 145 201¢ 28,000' at Mach 1.7
Leading edge flap - wing sta - Qks 2294 200 41,400' at Mach 2.0
. Upper spar csp - wing sta s 120 L1,400' at Mach 2.0
: Lover spar cep - vwing sta 1ks 160 L1,L0C' at Mach 2.0
i Active fenvwsl case temp N i 716 128 k30 40,000' at Mach 2.0
- “Bath tudb air temp nside 7,4 10  40,000' at Mach 2.0
2.0

Cooling air temp shroud g1, 370 345 40,000' at Mach

%Predicted tolporuiurol

2b

~N~l=1@B® N-IOOVOVWOOOOOOVOOO

—m— —— i .

Bres g

e
!
R AN




e

w

3

-

Figures 18 through 21 present temperature measurements
from tvo mancuvers as discussed in Section 2.h.2, Before
these maneuvers vere performed, the aircraft was "heat gsoaked"
at Mach nuambers 2:09 g? 2.10 for 40 seconds. The wing temp-
eratures were all taken at wing station 145 on the upper and
lover spar cep and on the flap leading edge inner skin. These
figureez shov progressively increased temperatures from ihe
upper spar cap to lower spar cap to flap leading edge inner
skin. The lover temperatures on the spar caps are due to the
gage location (Section 2.3.2) and also the large mass to be
haated.

The dats in Figures 18 anéd 19 were measured at an altitude

of 41,400 feet. The maximum temperatures measured vere: leading

edge flap 200°F, top forwvard apar cap 120°F, lower forwvard spar

cap 160°FP. The predicted temperature on the leading edge r1£p
for this condition wvas calculated to be 229°F after sadjustment
for the cold day at this altitude. At this timz and altitude

it vas 6°F colder thar the standard day temperature.

The date in Figures 20 and 21 were xeasured at an altitude
of 28,000 feet. The maximum measured tempcr;turei vere: lead-
ing edge flap 195°F, top forvard spur cap 120°F, bottom forwarad
spar cap 1LO°F. During the test period at 28,000 }eét, it was
27°F varmer tha. e stendard day. The predicted lesdiﬁg edge
temparature for this "hot day”" condition and st Mach 1.7 is

201° FPahrenheit.

25
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The measured temperatures for these two deaign flight
conditions were lover than design and predicted values indicat-
ing that no aerodynamic heating tcnpgrlture problems exist
for the aluminum skin and spar csp; ai these Mach numbers and
altitudes.

The measured nose boom temperatures shown {n Figures 18
and 19 were compared vith calculated values using the free
strean total temperature formuls and the "cold day" temperature:

Teo @ Ty (1 4 .2M2)
There vas goUC~wgreement &s observed in Table 8. These
differences range from 1 1/2 to 4 1/2 percent and are within

instrumentation inaccuracies. Also, these measursd tempora-

tures tndicatc & slight lag in the temperature gages.

Table §

Free Streas Total Temperature, Plight 21P-4, F-105D

::::or c;lc\::utcd Aop Me n:;rod Aoy
2.08 256 ' 3 245 )

2.07 253 ~h 2bs 5

2.06 2h9 24 2k0 10

1.68 225 18 230 12

1.93 210 15 218 20

1.68 195 8 198 8

1.85 187 190

26
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The measured nose boom temperstures shown in Figures 20
and 21 were compared with calculated velues using the free
stTeas Loval Lempersiure formuis and the "hot day” temperature.
Agreement vio not as good as noted in Table 8 above. It would
appear from the above figures and Table 9, belov, that the
first measured temperature (230°F) vas in error and that there
vas a temperature lag down to the Mach 1.59 condition and
folloving that, the d4rop vas excessive. This could be due
to temperature gage inaccuracies. The free stream total temp-

erature formula appears tc dbe reasonable.

Tadble 9

Free Stream Total Temperatures, Flight 21P-5, F-105D

::::cr cn.cg:atod A oF Mcl::red Aop
1.76 26h -6 230 +10
1.Tk 258 ~6 2k0 -3
1.72 252 -6 237 -5
1.7 2k6 -18 232 -7
1.6M 228 -15 225 -13
1.59 213 -1k 212 -~20
1.5k 199 -13 192 -9
1.h¢ 186 -3 183 -3
1.Lk8 183 -13 180 -22
1.43 170 -8 158 -18
1.h 162 -12 140 -9

1.35 150 131
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.agree with calculated values.

§ Lolsd thal mesmsured temperatures
on the F=-105D aircraft vere li;niftcsntly less than q..ign_gnd
predicted values and vere not criticcl for aluminum alloy skin

and spar caps. A}lq.:nolq_ﬁodq measured temperatures |onor|11;

28
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SECTION III
CORCLUBIONS

e e e o o 2 et P A o i i

1., Measured toiycrutdrqi_vnyi'contrnlly*lcsn than design or
predicted. BSome exceedances aia occur, howvever, they vcr§

not excessive and no temperasture problcnn'vcrc_rovoslod by

these tests.

;
{

2. Thg adiadatic wall tempitrature profile generally and
conlqrvativély defines the measired temperature profile.

3. 8inc 3-58 aircreaft measured temperatures vere in ccroe-onf
‘with predicted temperatures, temperature prediction techniques
vere considered satisfactory up to the maximum recorded MNach
number (2.11).

&, Vhere similar Mach numbers existed, the B-58A aircrart
aeasured temperatures from transient eand steady-state conditions
vers in good asgreement.

5. Bteady-stute heat balance equations served very wvell in
predicting B-38A aircraft engine induced structural temperatures

at Mech 2,05.

6. The higbast messured temperature, resulting from serodynamic

fisacing, on the B-58A aircraft was 223°F at fuselage station

J40LE, 13% WL.
;a 7. The highest measured temperature from aerodynamic heating v

on the P-10%D aircraft vas 217°PF at¢ fuselage station T34. This :

shovs good agreement with the B-58A aircraft's maximum measured
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temperature (223°F). Their respective Mach numbers and alti-
tudes vere relatively close (sFigurée 3 and rable 7).

8. P-105D design temperatures were considerably higher than

ine measured temperaiures.

9. HNose boom measured atmospheric temperstures were in fair
agreement vith calculated values using the free stream total
temperature formula.

10. Messured aitmospheric temperatures at altitude are not slvays

in conformity with steandard day temperatures.

30
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APPENDIX I
Ylight Profiles

Appsndix I coneists of flight profiles of Msch number,

altitude, adiabatic wall temperature, measured and predicted

fuselage, ving, tail and nos>» boon tempsratures.
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APPENDIX I1I

B-S8A flrcraft Temperature Prediction Procedure

Temperatures vere predicted using an IBM T0L digital
computer programaed to solve the one dimensional composite
wall probler with transient boundary conditions. The major
input items to the computer were: (1) thickness and thermo-
physicel properties of the various elements of the ccmposite
wall; (2) flight profile deta, i.e. free stream pressure,
velocity and temperature; (3) local pressure and velocity
ratio; (L) ¢ime interval covered by the portion of the flight
to te snalyzed; and (5) time interval for wvhich the finite
difference computations are to be made.

The thermophysicel properties of the honeycomdb core vere
determined in the contractor test laboratories and reporteq
in the contractors report CVAC PT6-1356. The flight profile
data vere fed into the computer from an auxiliary progrem
vhich prepared the flight profile tape by curve fitting the
ambient preesure, itemperature and Mach number dats and pro-
viding as output deta the pressure, temperature and velocity
8t 32321l ti5s luteivuld., raci aumber end iree siream pressure
vere obtained from indicated air speed and pressure eltitude.
Data from 3eversl radiosonde veather observation stations
within the flight corridor vere analyzed to obtain the best
geographical and chronologicsl velues of free streanm eir

tenperature.
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The local heat trzisrer coefficient was computed within
the mein grogram using ¢ mIdiTlcl flay pluie equation, as shown

fn WADC TR Sh_7C  for 81) eress awcant the ving londing cdges.

02

NACA TN 3513 and NACA TN 3986 were used to compute leeding
edge heat transfer and to account for the effects of yaw.
The lccel pressure and velocity ratios were computed from
diata taken from wind tunnel model tests at various Mach numbers
and angles of attack.

The results of these computer programs are presented as
temperature prediction curves in Figures L through 8 and 10

through 16.
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APPENDIX II1I

Heat Balance Equetions, F-105B

Where airplane skins and structures are adjacent to engine
compartments, these elements are heated on their inner surface
by the engine and become hotter than the adiabatic wall temp-
erature. Similarly, structure located between the engine and
the airplane skin will attein temperatures that must be highe{
than skin temperatures. To redu;e structural components temp~
erature to allowable temperature liimits, iﬁsulation and cooling
aiy are utilized.

To determine the temperature of the ajirframe from engine
induced heat, heat balance eqpptions are used (Reference 6).

One sample will te given herein, for computing the temp-
erature on the fuel cell floor at fuselage station 553 to 581

(Figure A-~1). The fuel cell floor is insulsted and elr cooled

to prevent excegssive fuel cell temperstures vhen empty. The

heut balance on this section consistes of the following equations:

(ty) is the temperature on fuel cell floor,

1. Q) +Q; + Q= “, ue@. veletnce on airplene skin
2. Q9 = Q4 ¢ Q, heat balence on lover surface of
fuel cell support insulation
3. Q2 + Qa = Q3 + QG heat balaunce on engine cooling air
L. Qg % Qo * Q5 heat balance ou upper surface of fuel

cell support insulation
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Q.4

1V

Q
1

Q2

h

-~ Q. heat belance on fuel cell floor

+ le = le heat balence on tenk cooling eir

radiation from engine to skin

convection from engine to air

convection from air to skin

convection from skin to boundary layer

total radistion to skin

heat geined by engine cooling air

rediation from engine to fuel cell floor support
insulation

convection from fuel cell floor support insulation
to engine cooling air

conduction through insuletion

radiation from fuel cell floor support insulation
to fuel cell floor

convection from fuel cell floor support insulation

Vto tank cooling air

convection from fuel cell floor to tenk cooling air

ueat gained .y tank cooling air

PE FA b A(t,-t,)

Ao

A
e

= 3/4 x 2% X 18(581-553) « 36,5 r¢.2

1hb

= 28.8 rt.2
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1
FE = 1/.6 + 19:5(1/.6 -1) = .u88; Fa = 1
28.8

E te = T35°F h = 6.2

% Q = .488 X 6.2 X 16.5 (735-t,)
S | v 9.9 (735-tg)
| .
; _ Q, = hAg(t, - L’.‘i_;.’_?ﬂ) h = 1.5
V
i 4
i Ae = 3 X 16.5 = 22.0 e .2
| 9 = 1.5 X 22.0 (735 - Lak * 260)
]

| = 33(735 - Lnﬂ_g_aﬁn

" Q3 = hA' (tlh ; 260 - t')

: = 1.5 X 28.8 (Eﬁﬂ_é_gﬁg - t,)

. 43,2 (&1&.%.2&2 - t,)
4

Qu = ha, (t, - ¢t ) h = 31

BL

Q, = 31 X 28.8 (t, - 2k5)
. 893 (t, ~ 215)

Qs = b A

ote h = 0.76

= ,76 X 28.8 X 2L8
= 5430
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Q7

Q

Qg

=

778 (tal - 260)

FE FA h Re (tg - t))

1/5 X 22.0 = b.h

>
1

ZQI%EEQ = 10.9 ft2

>
n

FE = I70 L. -1

=, = , I & 10
. . (:‘é -1) 517, FA l, I

.517 X 10 X k.4 (735 -tl)

22.8 (735 - t1)

na, (t, - ;53_;~2ﬁn)

1 1

1.5 X 10.0 (1, - tel 2 2€0,

16.4 (¢ - tal + 260)
2

KA (t, -t,) K= .b7/.55 A =10.9 ft.2

231 % 10.9 (1, - t,)
*55

9.3 (f.l - t,)

Qo = FE FA h A (t, - t3)

1
- = . FA - 1, h = 3.2
FE ?* ('% ) 428, 3
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LLo8 x 3.2 X 10.9 (t, - t3)

o
=
n

= J5.U (cz - 13)

s.n 2 nEN -
= hA (t, - *““";—““) A= 10.9 ft.%, h = 2.0

o
-
i

Flow area = 0,92 ft.2

s

c =% 213 . 163 1b./sec. ft.2
A .92

_ tc2 + 250
Q;; = 2.0 X 10.9 (t, > )

tc2 + 250)

= 2,0 X 10.9 (t >

t.2 + 250
= n A (t, - == )
Q2 (t, 5

= 2.0 X 10.9 (t, - 323_%—329)

, + 2
= 21.8 (t, - 252_;_322)

Q= WECp (tc2 = 250)
= ,15 X 3600 X .24 (tec2 - 250)

= 130 (te2 - 250)

The above solutions provided the necess:cry information for

golution of basic heat balance equations 1 through 6.

This yielded the desired tempsrature on the fuel cell floor (t,) as

noted in Figure A-l.
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LIST OF SYMBOLS

heat flow - BTU/hr.

thermal conductences - BTU/hy.-fi.2-°F
enipssivity factor

configuration factor

BTU-ft [

h tivity -
thermal conductivity br._ftZ.oF

inlet aree, 1uv.?
average engine temperature
eugine surface area

skin surface cres

BTU

heat capacity -
p ’ bo-or

temperature on fuel cell floor
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Floor Supporting Structure
el C211 Ploor /

Figure A-l.
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Fuel Cell Floor Fuselage Station 553-581
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