
Apollo 16 Launch Measurements (U) 

Omtid [jfthd Se"retary ofDefenseroU ~.)~-z.. 
ChIef, ttbtl, ~SD. WHS + 
tlute! 22JlL. '7AI3 Authority: EO 13526 
beclt!.~~H'y1 u • Deny in Full: .. 
beclassi£Y ill ~Ilrt: ~ J 
~eas6n: . 3 • 3(1!1){<j)@ :t S""ll. S.(. ~ ru( 111'1 (, 
Molt; ...L.l.-M- 2W 

MASSACHUSETTS INST OF TECH LEXINGTON 

09 NOV 1972 

Defense Advanced Research Projects Agency, Attn: ASBD-TIO, 3701 
North Fairfax Drive, Arlington, VA 22203-1714.31 Ju11974. 

AD596231 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & Decl8ss DIY. WHS 
Date: JUL 2 2 • 

-SeeREf I 



DECLASSIFIED IN FUu. 
A~Ihotity: eo 13526 
Chief. RtICOrda & "'-'_ 

Date: JUL 2218

;"" WHs 

~-----­
---~---

Redistribution Of OTIC-Supplied Information Notice 

All information received from OTIC, not clearly marked "for public release" may 
be used only to bid on or to perform work under a U.S. Government contract or 
grant for purposes specifically authorized by the U.S. Government agency that 
is sponsoring access OR by U.S. Government employees in the performance of 
their duties. 

Information not clearly marked "for public release" may not be distributed on the 
public/open Internet in any form, published for profit or offered for sale in any 
manner. 

Non-compliance could result in termination of access. 

Reproduction Quality Notice 

OTIC's Technical Reports collection spans documents from 1900 to the present. 
We employ 100 percent quality control at each stage of the scanning and 
reproduction process to ensure that our document reproduction is as true to the 
original as current scanning and reproduction technology allows. 
However, occasionally the original quality does not allow a better copy. 

If you are dissatisfied with the reproduction quality of any document that we 
provide, please free to contact our Directorate of User Services at 
(703) 767-9066/9068 or DSN 427-9066/9068 for refund or replacement. 

Do Not Return This Document To OTIC 



UNCLASSIFIED 

--~----.---.--. ---.- .. --------.-.--"---~.-~---------.---~-~------- .. -._-- --- _.---- -----_ ... --_._---- --- ---_. -_._- ---- -_. -- -_.--... --_ ... _---- ... -

• 

AD NUMBER 

AD596231 

NEW LIMITATION CHANGE 
TO 

Defense Advanced Research Projects Agency, 
Attn: ASBD-TIO, 3701 North Fairfax Drive, 
Arlington, VA 22203-1714. 31 Jul1974. 

FROM 
1.l.liIi...::::-J on onl y 

as direc Defense nced Research 
Projects Agency, . ASBD-TIO, 3701 
North Fairfa 1ve, Ar11 VA 
22203-1 , 09 NOV 1972, or hiqhe DoD 

AUTIIORITY 

dezpa Itf3! Jut 1'94 Page detennined to be Unclassified 
Reviewed ChIef. ROD. WHS 
lAW EO 13526, Section 3.5 

Date: JUl 22m 

THIS PAGE IS UNCLASSIFIED 13-M-285:r 



.. ---.----------------~. 

Uh~9. 

-
• 

- - -- ----- ---- -------,- - - -

Page determined 10 be Unclassified 
Reviewed ChIef. ROO. WHS 
lAW EO 13526. Sectlon 3.5 
Date: 

JUl 22 201 

78 

• 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

I .. 



Page determined to be Uncl •• llfted 
Reviewed Chief. ROD. WHS 
lAW EO 13526. Section 3.5 

Date: JUl 2 2 .. 

The classified or limited status of this repolt applies 
10 eacb pace, unless otllerwise marked. 
Separate paCI printoutl MUST. marked accordingl,. 

------------*.---------------.. _.----------------------

,.11& 1606MB,., 0_*1146 !ltJO.MI'U" lIlll.,tI 'UII "RI@gE 6EPEHSCUUF 
-"f#NiofB .. 8W Tiii. NillUJ 1I1&_.iii' lUtJ_LOE. iUS ii ii.Bi Ills)'.!! IMu&.a.,:p;iiJi*ft , 
It 0 , 8:; DSStIQfS ZA1"NU aao THE II 1111111061814 OR illS IlIUm'iB" '1 
I'. OblITOn IS iIC l MtP iUOdUOit TO f:ll "IU,.'III.IIII ... It, 'I 1.II'-VIii PYa 

JIItIII. 

NOTICE: When government or other drawings, specificati~ns OT other 
data are used for any purp"se other than in connection with a defi­
nitely related government procurement opera~ion, the U. S. Government 
thereby incurs no responsibility, nor any obligation whatsoevel; and 
the fact that the Government may have for~ulated, furnished, or in any 
way supplied the said drawings, specificdtions, or other data is not 
to be regarded by implicaticn or otherwise as in any manner licensing 
the holder or any other person OT corporation, or conveying any rights 
or permission to manufacture, use or sell any patented invention that 
may in any way be related thureto • 

. '. 

'-_~-__ --.,.,.,.,.,..,~,...,...,,=_""'""=,..,.-----.....,--------------.... ----.A!:'"--. ~. -. . -



::: ' ",pruPe' 4.'4II1O'f!~.,~ .... ~ .... ~m·~·,;(''''·.·-· 

pale.(5 . .tL.£iLk::Lne~·~: ., . . 

'--.. } 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & Declass DIY, WHS 
Date: JUl 2 2 3)1 

-_._-_._--.. _--- ----_. ".----~-.-... _,_ .. _--_.---.- -_.-.- --_ ... _--_._.-------_ .. _--_._------... _--

Project Report 

Apollo 16 

(Title UNCLASSIFIED) 

1''''1101".,1 r .. r till' .,"\ .1:11·",1 It,,,,,· .Iro'" 1',,, i 1'( I.. 'fl"" l'~ 
," •• 1,·r l'I",'lInni,'!'I, "11'111" Ill\, .. j .. " ["" Irllt· 1 I, 1%~~',';-:I-C-(I(10211\' 

Lincoln Laboratory 
'Hss·\r.flrS~:TT5 I~STlTt:TF. OF' Tf.CIINOLOCY 

Mere!' 

AOR-25 

H. J. Bullwinkel 

R. H. Ellis 

9 November 1972 

'.,---
"[g] 

.~ 



\:, ' 
-.L .. 

... 

DECLASSIFIED IN FULL 
Authority: EO 13528 
Chief, Records & OecIasa OIY, WHS 
Date: JUl 2 2 201 

Do not announce in TAB • 
..uj"Wb t' .. .... ZZCllld b, MiA) aGio 

Settee 

--7.- --.-, ~,:r.~, .. -::-.:' ...... '2\1., ..... _1 ... ( ... "+ i!¥ ..... hQ'&..""UM,.,.., • .,." .• ..-_----------.... -J 

, 
~ 
1 
; 
• 
~ 

~ 

j 



• 

;, 
t. 

r 

, 
~ 

l' '. 
(,~ ; 

; :. 
<; 

" c :-
+' ~ . 

rll,s document comprises 

50 po".. No. 63 
of loIS copies. 

MASSACHUSETTS [NSTITUTE OF TECHNOLOGY 

LfN"CtJt;~xlJ"01titTO'lfr-- u __ • 

APOLLO le _MEASUREMENTS 

(Title UNCLASSIFIED) 

H. J. BULLWINKEL 

Philco-Ford eot'J'orstion 

R. H. ELLIS 

Group 52 

PROJECT REPORT AOR·25 
(ARP A OpticS Research) 

9 NOVEMBER 1972 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & 0eda8S DIY. WHS 
Date: JUL 2 2 201S 

Ti:i& ' Ui2 J52 &!If.' IthSIMCtJOii 21iCCtIlli s:e U s :i21 
t' .1 :::E!2!l 0"7:' 1 q 

1.& 'M Usa" iSS £U 194AUP2!2hd usa I 
0' t 5!lfIU!SUUtl II, ! 

E~U6e&FR6' GUf 
(DO FOI1\l 254 GP 3) 

Do not aDUOUDce in tAl. 

'iii 11 b • 

611 dfurtbn''f Rust .11 J hi .':f118' 

DOC COM-OC~r 
fJQ.22720 

LEXINGTON 
MASSACHUSETTS 



.S •• fet a 
DECLASSIFIED IN FULL 
Authority: eo 13526 
Chief. Records & Declssa DIv. WHS 
Date: JUL 2 2 • 

-e~============================~====================--=-=--==---
I 
I 

I 
The work reported in this document wu performed at Uncoln 
Laboratory, .. center for resnrc:h operated by Malsachusetts 
fnstltute of TechllOloD'. This work wal sponsored by the 
Advanced Researcb Projects A,ency of the DepartlHftt of 
Defense under Air Force Contrlct F19628-73o<:·0002 (ARPA 
Order 6(0). 

Seeret-
(This page is UNCLASSIFIED) 

--'''----------------..... ........ ,. . 



,-

---- -- - --- ------ -- ABSTRA~ 
-, 

____ ""¥L •. 

DECLASSIFIED IN PART 
Authority: EO 13526 
Chief. Records & ate/a .. Dlv. WHS 
Date: 

JUl 22 20D 

OSD 3.3(b)(~l~) 

mission ETR 1601, excellent long wave 

obtained during the launch phase of Apollo 16 by Lincoln 
Laboratory NKC-135 aircraft. Infrared hard body, core and plume 
measurements, primarily of Apollo 16 second stage (5-1I) and 
early third stage (S-IVB) operation, were obtained during a 

seven minute continuous data coverage interval. 
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(U) The Apollo 16 space vehicle., ETR 1601, was la.unched 
from complex 39A at the Kennedy Space Center, Florida, on 16 
Apr~l 1972 at 17:54:00Z. The launch phase, which occurred during 
ClO'ldless '~eather conditions, consisted of the complete burn of 
the S-lC and the S-II stages and a partial burn of the S-IVB 

staqe of the saturn V launch vehicle. OSD 3.3(b)~,lt) 
(U) Fiqure 2 shows the location of the airborne instrumenta-

tion relative to the vehicle trajectory. 

Total optical coverage extended 
with data beinq obtained on the S-!T and S-IVB staqes. 
stics of the data collectinq inst~uments are listed in 

Al,Jpendix A. liatric data, \1hic;1. includes plots of the Apollo 16 

nominal angle of attack, as well as tlle look angle and elevation 
angle mea~ucements relative to the hC-l35 aircraft, are presented 
in i\~pemlix J. 
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This report deals primarily with infrared data obtained 
of Apollo 16 by the ~inaoln Laboratory 

A plot at the relative spectral response 
of each of the instruants is presented in Fig. 1. A summary 
of the characteristics of both instruments i8 pr~sented in 
Appendix A. 

~ The Apollo 16 S-II and S-IVB st2gel proviued eAcellent 
targets for the study of infrared hard-body and plume radiation. 
Approximately 1300 samples of long wavelength data were obtained 
during the seven minutes of optical coverage. During this missiop 
the prime objective of the instrumented NKC-l35 &ircraft was to 
obtain long wavelength optica~ data during second stage burn with 
the point of greatelt interest occurring at second stage cut-off. 
This objective was succelBfully accomplished. 

(U) The data presented in this report represents a sampling 
of the abundant data obtained during this mission. Several frames, 
selected at representative phase! of the 2\pollo'! plume hist"ry, I : 
have been presented in detail. Throuqhout this report, an expanded 
caption format is used to allow the reader to compare explanatory 
information with the accompanyinq illustrations. 

(U) *The characteristics of the LWIR tracker-radiom,ttr have been 
described at several Midcourse Measurement Meetings1 ,2,3 and in 
several previous AOR's 5,6,1. 
(U) **90th instruments were described at the 1971 annual IRIS 
lIIeetinq.4 
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more than 1300 data frames collected by the tWXR instrument 
during this mis.ion, are presented in the final portion of 
thi. I. ":port. 

I ' 
I
i :;: . 

",. 

". 
',': , .. 

3 

Sette .. 



4 

;;;;;- > 

DECLASSIFIED IN pART 
AuthOrity: EO 13526 
Chie1. Record! & Dec1895 Dlv, WHS 

Date: 
JUl 22 -

OSD 3.3(b)(~llt) 

.eee,e& · 

" 

~ 

t • , 
\ 

.\ 
\ 

.. 



• 

• 

, 

• 

DECLASSIFIED IN PART 
Authority: EO 131326 
Chief. Records & Declass Dlv, WHS 
Date: 

JUl 22 201S 

050 3.3(b)(~(') 

5 

SI8re~·-
(This pag: is UNCLASSIFIED) 



FIGURB 3 

~ Figure 1 pre.ent. the Apollo 16 altitude and range to 
the aircraft a. well aa a brief event summary. The LWIR tracker­
radio.eter acquired the Apollo .econd Itage (S-IIJ at an altitude 
Of_and a range Of_ The SWIa (1 ",m-6 1lDI) spatial 
radiometer obtained data between TAL and TAL Stage ~I 
thru.t termination occurred at third Itage (S-IVB) 
ignition began at 

OSD 3.3(b)~).{&) 
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~ Fiqure 4 presents an example of one of the more than 1300 
data frames obtained by the l6mm film record of the LWIR C-scopa 
display. The C-scope data is a -TV" type display of the serialized 
output of the scanned 176 cell array (3.4° x 3.4° FOV). The lower 
edqe of the paraboloid-shaped bow-shock is the primary observable. 
The apparent high intensity of the lower portion of the plume is 
caused by the missile anqle of attack and possibly the atmospheric 
density qradient. The apparent attitude of 45° is caused by a 
combination of gimballed mirro~ anqles, look anqle (34°' and 
anqle of attack C18°). The stxiated structure of the plume, as 
yet unexplained, is of considerable interest to aerodynamicists. 
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F1GURE 5 

~ Piqure 5 presents two samples of Lwa C .... scope data wh.icll 

:Jhow tllrust termination of ·the f)-II staqe and ignition of the 
S-IVB staqe. At thrust termination qaps appear in the missile 
plume structure indicating the loss of H20 from the enqine even 
thouqh the bow-shock excitation remains available. The lack of 
parsistence in the plume radiation is obvious, as compared with 

reentry trails. 
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FIGUd 6 

Figure 6 pre.en~. anotbOx sample ~f the LWIR C-'cop. 
0""vi1\9 the S III (S-tVII) pl.... and the .p.n~ stage II 

intense portion of sta9a III 

structura, 

S-IV plume. 
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FIGURE 7 

~ Figure 7 presents a composite of three modes of LWIR 
data obtained on the S-II and S-IVI stages at three selected 
times. Plume radiant intensities are presented in each of 
the three samplings. Calibrated peak detecto~ outputs, are shown 
on the top row, whereas calibrated iso-radiance contours and 
C-scope display photographs are _hewn in the two lower raws. 
All calibrated levels were determined from digitally recorded 
star and planet data. 

(U) The peak detector levels represent the maximum intensity 
of each resolution eleme~t in the azimuth scan and correspond to 
the ridge peak values of the contour map directly below. The 
e-scope photographs shown in the bottom row, represent a "TV" 
type display of the serialized output of the scanned 176 cell 
array (3.4 0 x 3.40 FOV). 

~ The more intense lower edge of the paraboloid shaped 
plume, which is evidenced in each of the data frames, is at~ributed 
to the vehicle's angle of attack and possibly the atmospheric 
density gradient. 

Radiant intensity values for both the S-II and S-IVB 
were obtained by integrating over tl,e entire radiation wi thin I;he 
field-of-view at each of the three select II 
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FIGURE 8 

Figure 8 presents the LWIa radiant intensity histories 
of the unresolved S-II and S-IVB stage cores and the spent S-II 
hard body. The intensities were determined from the peak 
detected output. All values were computed from the instruments' 
signal to noise ratios based on irradiance from Jupiter, Mara, 
Mercury, Venus and the star ~-or~on. The period over which the 
core radiation was saturated should be noted. No data are 
presented atterllllllllldue to uncertainties introduced by 
superimposed plume radiation. 
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~ Figure 9 presents a plot of S-II stage peak plume radiance 
The intensities were derived from 

obtained between TAL_and 'rAJ. 
as a function of velocity. 

in intensity from 

to a maximum value of 
at of stage II thrust at 

data appear to fit a v2 dependence, 

noted that the data have ~ot been corrected for 
atmospheric ition, when the target 
was at a range of from the airc~aft, 
the effects of an increase in background due to atmospheriC 
radiation as well as siqnal absorption would be quite severe. 
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FIGURE 10 

DECLASSIFIED IN I'UU. 
Authority: EO 13526 
Chief, Records & 0ecIa81 DIv. WHS 
Date: JUl 2 2 III 

Figures 10 throuqh 17 present additional samples of 
the 16 mm film record of the C-Bcop'e display of the LWIR tracker-
radiometer data. These are presented in order to give the reader 
a pictorial history of the S-II and S-IVB stage events as they 
occurred during the data coverage period. The C-scope display 
pictures also provide the only LWIR data when the quantitative 
data are saturated. 

A composite of twelve frames of the C-scope display, 
representative of the first minute of data coverage, are presented 
in Fig. 10. These data show the steady intensity increase of 
Stage II and the gradual development of the striated structure 
of the plume. 
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FIGURE 11 

Figure 11 presents twelve representative C-Icope frames 
'"""~"""c~ development of the Staqe II 

Evidence of electronic overshoot, 
which has characteristically been associated with the LWIR 
tracker-radiometer, is present throuqhout this sequence. 
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FIGORB 12 

..,. Figure 12 presents a sequence of twelve sucoessive 
e-scope frames showing the LWIlt history of Stage II just prior 
to Stage III ignition. The plume is now shown enveloping the 
vehicle on all sides. Variations of the looation of the data 
in the data frames are due to aircraft maneuvering at this time. 

24 

.,t 

, 
i 
~ 
~ . 
. , 
.~ 

1L' ==.~=.=~~~~.u~, _________ .i __ ._e_~_e_I __ .--~~--~~~~ 



050 3.3(b)(i~) 

25 

.. - :.'.1' 0. 

; 

t 
,I 

! 

/ 

l 
,r 



1" 

- -----------------------

Secret 

FIGURE 13 

DECLASSIFIED IN PART 
Authority: EO 13526 
Chief, Records & ceda .. DIY. WHS 

Date: JUl 2 2 2DI 

.UB = Fi9Ure 13 presents a sequence of C-scope frames show­
ing Stage II plume radiation demise and Stage III iqnition. The 
lalt vestige of Stage II plume radiation 
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FIGURE 14 

~ Figure 14 presents a .aries of twelve C-acope display 
frames ahowinq Stage III hard body and plume radiation as wall as 
the spent Staqa II velliele falling uellind. 
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III' Figure 15 showl a continu.t~~ln of the StaCJe II and 
III C-.cope data obtained betw.en 

Throughout thi. interval, the LWI. radiation intenaity 
levele of both the Stage III hard body and plume aa well a. 
the recedinq .pent Stage II, remain relatively con.tant. 
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Figure 16 pre.ent. additional fram •• of the S~age II 

leope diaplay data obtained De1CWIleni 
During thil coverage interval, the ~~. ad~.~ion 

of Stage II i. rapidly d,ecre •• ing in inten.ity and Stage ;tIl 

radiation ia largely confined to the paraboloid shaped bow ahock 
region of the vehicle. Extenaive Stage III plume radiation ia 
no longer apparent. 
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~ Fiqure 17 pre •• nts the final sequence of C-scope display 
data, showing the decreasing LWIR radiation intensity siqnature. 
of both Stage II and stag_ III 

Lack of additional camera film pr.esanted further coveraqe of 
the C-seope display of the LWIR tracker data. 
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