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ABSTRACT.    This report contains a series of notes on experimental 
technique» used in applied research on aerodynamic heating problems. 
Tests in a radiant heating facility,  construction and use of a free-flight 
teat vehicle,   and a simple thermocouple reference junction are described. 
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FOREWORD 

This report is a collection of informal papers by various author! 
on the applied research effort at this Station in aerodynamic heating. 
Principal support for the work was received from the Bureau of Naval 
Weapons Task Assignment RMGA-53-406/2I6-1/F009-10-001 with 
some assistance from various development tasks. 

The report iz released at the working level for informational pur- 
poses only.    It contains information which is still subject to modification 
or withdrawal. 

LEROY RIGGS 
Head, Aeromechanics Division 

Released under 
the authority of: 

F.  H.  KNEMEYER 
Head,  Weapons Development Department 
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INTRODUCTION 

A program of -»~*Oi»H research in the problem of aerodynamic 
heating 01 guided missiles has been in progress as a funded task at the 
Naval Ordnance Test Station for the past three years.    In addition to 
several relatively long-term major efforts,  a number of investigations 
of smaller scope form a significant portion of this program.    In many 
instances,  these Utter investigations grew out of or were extensions 
to work required for a specific development program.    In these cases, 
the results were generally published in local informal reports of very 
limited distribution,  or were submerged in a more extensive report 
concerning the related development task. 

This report is one of several that are planned to provide easier 
access and wider distribution to the results attained in these investiga- 
tions.    These reports will each consist of a collection of note« on related 
topics gleaned from the informal reports which were published for local 
distribution only. 

This report contains a group of notes on experimental techniques 
which have been used in the local research program.    Experimental 
results have been included where appropriate to illustrate the use of 
the technique, or to indicate problem areas or scope of application. 
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SECTION I.    CONSTRUCTION OF A TEMPERATURE- 
TELEMETERING ROUND 

By 

C.   H.   Johnson and L.   R.   Argabright 

GENERAL DESCRIPTION 

The temperature»telemetering round consist« of all external hard- 
ware components of an operational missile (tht- Sidewinder  1C configura- 
tion,   Fig.   1) with exception of the warhead and fuse components which 
are replaced by the telemetering package and suitable adapters.    It has 
two basic configurations: 

1. A round with a thermocouple-instrumented dummy motor for 
captive flight tests,   and 

2. A round with a live motor for the captive/free-flight test. 

An «nstrumented wing is interchangeable between the dummy motor and 
live motor. 

The round is designed to respond to aerodynamic heat transfer as 
nearly like an operational missile as is practicable.    Accordingly, 
alte,    -on of ihr missile components for purposes of instrumentation is 
minin.iird,  and all outside surfaces are the same as those of an opeia- 
tional missile,  including tht use of the same type and thickness of paint 
film.    Thermocouple units imbedded in outside surfaces have low thermal 
resistance to the base material and are flush with these surfaces so 
that representative temperatures of the base material are obtained in 
these regions.    Thermocouples fastened to inside surfaces are close- 
fitting low-mass units which closely follow temperature changes in the 
base material under unsteady-state flight conditions. 

The telemetering system is an FM/FM system with commutated 
input to the single voltage-controlled subcarrier oscillator.    A 30- 
segment low-level commutator, operating at a speed of 5 rps.  alternately 
samples aero voltage and a thermocouple or calibration voltage in a 
mak«?-before-break mode.    In-flight calibration is accomplished by ap- 
plying low-level voltages to three commutator segments from a vcltage 
divider network excited by a xener-diode regulated supply.    Nine thermo- 
couple outputs are commutated as well as the calibration voltages.    The 
commutator output is amplified by a transistor amplifier with a gain of 
1,000 and applied to a single ?0-kc *|$% deviation subcarrier oscillator 
which modulates an KM transmitter. 
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CONSTRUCTION It ASSEMBLY PROCEDURES, 
GUIDANCE t CONTROL SECTION 

Table I it a description of materials that arc uied but not auffi' .ently 
identified in these construction and assembly procedures. 

The sequence of operations used in the construction of the guidance 
and control (GfcC) section of the temperature-telemetering round is 
diagrammed in Fig.  2 and supplements the following description. 

TABLE 1.    Material Description 
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Dome Thermocouple Groups 

Three thermocouples were constructed and installed in the dome on 
the inside surface as shown in Fig.   3.    Prior to installation of the 
thermocouples,  the dome was cemented to the molded plastic housing 
with Bondmaster cement,  and tne assembly was cured at 300#F for 
3 hours. 

30 GA. DUPLEX 

THERMOCOUPLE «HP* 

WESGO SILVER 

METALLIZING  PAINT 

•ON0MASTEP 11910 

CEMENT IEA0 

EASTMAN   SIO 
CEMENT 

FIG.   3.    Dome Thermocouple Installation. 

The construction and installation procedures for these thermocouples 
were as follows: 

1. About 3/8 inch of the over-all insulation and 1/4 inch of single 
conductor insulation were removed from on© end of each 4-ft length of 
duplex thermocouple wire.    The exposed wires wer«* cle*«>*d thoroughly 
with emery cloth and aligned parallel to each other about 1/32 inch apart 

2. The interior of the dome /housing assembly was carefully 
cleaned with acetone. 

3. Thermocouple leads were shaped within the dome-housing 
assembly with the cleaned wires positioned against the point where tem- 
perature was to be meaiiured.    This end of the lead was secured to the 
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dome surface using Eastman 910 cement applied at the end of the thermo- 
couple over-all insulation.    The procedure was repeated for the other 
thermocouple leads,  bringing them to a common junction in the dome 
housing ready for passage to the rear of the G&C unit.    The leads were 
then clamped to the side of the housing. 

4. Enough silver metallizing paint was applied to the cleaned wires 
and the adjacent dome interior to wet the bare wires anc an area of the 
dome 1/4 inch in diameter.    About 30 min.  was allowed for the paint to 
dry sufficiently for handling of the dome-housing assembly. 

5. A small bead (about the size of a match-head) of cement was 
placed at several points along each thermocouple lead,  wetting both the 
load and base material. 

6. The assembly was carefully supported in an oven with the dome- 
housing interface horizontal and cured at 300'F for 3 hours. 

Ogive Thermocouple Group 

Two thermocouples were located inside the ogive.    These thermo- 
couples,   as well as those in the fin.  wing,  and aft telemetering (TM) 
adapter were all constructed in the same manner,  although the disc 
sizes differed slightly.    These thermocouples were constructed as 
follows; 

1. Discs of the required sizes were punched from Type 302 aus- 
tenitic stainless-steel sheet and pressed to reduce burrs and convexity 
due to punching.    Several passes were made over emery cloth with the 
disc concave (burr) side down using light finger pressure.    All discs 
were degreased before welding. 

2. Segments of duplex thermocouple wire were cut, each with at 
least 1 foot of excess length.    Both ends of each piece were prepared 
by removing about 3/8 inch of outer (brown) insulation and about 1/4 inch 
of the single conductor insulation.    The exposed wires at one end were 
carefully cleaned with emery cloth to remove all enamel or other coating 
material. 

3. The elected thermocouple wires of each duplex lead were spot- 
welded to a stainless-steel disc with the wires placed about I Hi  inch 
apart and extending about two-thirds across the disc.    The correct spoi 
welding procedure was found by running tests on sample pieces before 
making up the model thermocouples. 

The  procedures for th«   installation of the ogive thermocouples 
(Fig.  4) were as follows: 

1.    The surface areas where thermocouples were to be placed in 

8 CONFIDENTIAL 



CONFIDENTIAL NAVWEPS REPORT 7652 

EPOXY NSX
/X~~           y/\ 

\\                          TROUGH FOR LEADS- 

U    EPOXY—>                      sSjlt 
\&r         ^— DUPLEX  WIRE                1 

11 N.JTS^         ~£r) y 

-ANOOIZEO RECEPTACLE 

11    .•'^^^J* <^^T^^^   ^^r 

-STAINLESS DISK 

FIG.  4.    Fin Thermocouple Installation. 

the GltC housing were washed with acetone and left unsmoothed to improve 
thermocouple adhesion. 

2. A very thin coating of Epocast (Table 1) was applied to the 
desired area, making a patch about I inch in diametc *,  and allowed to 
harden (cure).    The purpose of this coating was to minimise the pos- 
sibility of thermocouple grounding to the GliC housing. 

3. A coating of Epobond was then applied over the first coating of 
Epocast and the thermocouple disc set into this coating, against the 
ogive interior.    About 1/2 inch to 3/4 inch of the leads next to the disc 
were covered with a 1/16-inch layer of Epobond. 

4. A piece of spring wire was bent thusly:-»   I».    After insulating 
the end not to be placed on the thermocouple disc, the spring was 
compressed and piaced inside the ogive section against the thermocouple 
disc to hold it firmly against the ogive wall during epoxy cure.   Special 
care was taken to prevent the disc from sliding out of place. 

5. Immediately after «etting the spring load and before the epoxy 
could harden, both conductors were tested foi grounding to the GfcC 
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housing with an ohmmeter.    Grounding was indicated by low resistance 
(up to several ohms); however, a high resistance (over several hundred 
ogms) was sometimes observed due to some conductance of the uncured 
epoxy.    Grounded thermocouples were reinstalled. 

6,    After the Epobond had cured, the spring load was removed and 
the unit tested again for thermocouple grounding. 

Because of the tackiness of uncured Epobond,  some trouble was 
experienced in setting the thermocouples without smearing the epoxy 
over areas where it was not wanted.    Similar methods described later 
indicate that coating with heavy silicone grease around the first epoxy 
patch will help in removing excess cured epoxy after the thermocouple 
mounting operation.    Also, the senser and uncured epoxy can be covered 
with thin teflon sheet (non-adherent to cured epoxy) backed by a hard 
rubber block before spring-loading the system to produce a neater 
thermocouple installation. 

Fin Thermocouple Group 

The fin was inletted to allow flush mounting of the thermocouples 
and associated leads.    Before thermocouple installation,  the fin was 
heavily anodizcd (colored; to further reduce grounding possibilities 
without appreciably affecting therr    1 conductance between the fin and 
disc.    The color provided a visual check on the anodised surface. 

Thermocouple assemblies similar to these installed in the ogiv* 
were used; however, the disc diameter was 3/16-inch insUad of the 
1/4-inch diameter used in the ogive and aft TM adapter assemblies. 
The 3/16-inch diameter disc allows 1/>2 inch radial clearance between 
the disc and the fin material in order to reduce the possibility of thermo- 
couple grounding.    In these thermocouple assemblies, the brown over- 
all insulation layer was removed up to the fin mounting boss, leaving 
individually insulated wires about 0. 020 inch diameter each which 
readily fitted into the fin grooves.    The procedures for the fin thermo- 
couple installation (Fig.  5) were as follows: 

1. A thin coating (estimated 0. OP« inch thickness) of Cpocast was 
applied to the cavity in which the thermocouple disc was to be placed, 
and allowed to harden. 

2. A small amount of Epobond was then applied to the same cavity 
for a distance of about 1/2 inch along the groove. 

3. The thermocouple disc was placed in its cavity with the thermo- 
couple leads lying in the fin groove. 

4. A piece of thin teflon sheet several inches square was carefully 
laid over the disc and surrounding area, 

10 CONFIDENTIAL 
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FIG.   •>.    Inside Surface Thermocouple installation. 

5. A wood tongue depressor was placed over the teflon sheet and 
clamped iccurcly against the fin surface.    Care was taken not to move 
the disc in its cavity or to allow any epoxy-coated thermocouple wire 
to project above the fin surface.    The disc itself projected about 0. 003 
inch above this surface.    The installation was tested for grounding before 
the epoxy was allowed to harden. 

6. After the epoxy hardened, the thermocouple was again tested 
for grounding. 

7. The teflon sheet was removed, and the thermocouple wire wan 
set in the fin groove along its full length using the same procedure as 
above.    All excess uncured epoxy was carefully removed from leads at 
the ends of the grooves to avoid breaking the wire after curing. 

8. Excess hardened Epobond was carefully removed from the fin 
surface, and the thermocouple disc was made flush with the surface 
using emery cloth. 

To facilitate removal of excess epoxy,  it may bo helpful to apply 
a thin layer of heavy «ilicone grease on Ike fin surface in the general 

CONFIDENTIAL II 



NAVWEPS REPORT 7652 CONFIDENTIAL 

area,   but not closer than about 1/?. inch to the groove.    In installing 
thermocouples in the prototype model fins«  it was found that a thin la/er 
of epoxy was spread out over a fairly large area as a result of the tight 
clamping,  and considerable sanding was needed to remove this material. 

Ogive Tubing 

A 20-inch length of 1/4-inch I. D.   Teflon tubing was positioned 
longitudinally in the ogive (Fig.  6) so that it passed directly through the 
by-pass notch cut into the counterweight (described below) and on toward 
the aft end of the GfcC unit.    Leads from the ogive thermocouples were 
each bent in a loop against the ogive inside wall to determine where they 
should enter the tubing.    When these points were determined, the tubing 
was taken out and longitudinal slits about 1/2 inch long were cut at each 
position.    One ogive thermocouple lead was fed into each slit with the 
leads running toward the s.-rvo section.    Later in the assembly pro- 
cedure, the dome thermocouple leads were also fed into the forward 
end of the tubing and back into the servo section.    The tubing was then 
re-positioned in the ogive and taped securely in place. 

Counterweight 

The counterweight makes up the required weight of the GlcC unit 
resulting from omission of the electronics package,  seeker and servo 
components.    The counterweight is placed in the GtC housing and 
secured with four flat head screws.    The ogive tubing passes througi 
its by-pass notch, 

Counterweight Extension Installation, A counterweight extension 
was not used in most of the captive flight tests, but was installed only 
to increase the static margin of the locked-fin round for free-flight. 

Servo Block, Post, and Dummy Piston Assembly 

Dummy pistons were installed in the servo block and post assembly 
and secured in place by bolts screwed into tapped holes in the servo 
block tinder each piston.    Fin and rocker arm assemblies were then 
mounted on the block and post assembly and the fins aligned and locked 
in place by adjusting the bolts.    The servo block and post assembly was 
temporarily positioned in the GliC housing to determine where thermo- 
couple leads from the instrumented fin must be routed to carry them 
through the by-pass notch in the servo block and on to the rear of the 
GliC housing.   When this was determined, the servo was removed and 
two pieces of 1/8-inch 1. D.  teflon tubing wire was run through the by 
pass notch in the servo block, up a post and across to the post nearest 
the port through which the instrumented fin boss would pass.    The rocker 
arms were then mounted on the servo assembly, and the teflon tubing 
pieces were secured by tape to the appropriate rocker arm so that each 
thermocouple lead from the fin could be fed through the tubing to the 
rear of the GfcC section without any danger of binding. 
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Rocker arm seals were put in place and the entire servo assembly 
repositioned in the GfcC housing with the post tips inserted into the 
clearance holes drilled in the counterweight.    The servo assembly was 
then iiecured to the GfitC housing at the servo block. 

Both fin thermocouple leads were fed into their respective teflon 
tubes on the rocker arm.    The fin was then fastened to the rocker arm, 
and the leads were pulled through the tubes from the rear of the GliC 
unit as the fin was put in place and secured.    Exposed thermocouple 
leads on the fin/rocker arm area were taped down tightly,  &nd the 
rocker arm seals were secured to the GfcC housing. 

Installation of the Dome Assembly 

The dome and housing assembly with thermocouples attached was 
cemented to »he housing adapter.    The dome thermocouple leads were 
fed through the ogive tubing until the dome assembly and GltC housing 
were separated by about 8 inches.    The thermocouple leads were secured 
from moving in the ogive tubing,  <he excess leads were coiled in the 
dome assembly,  and this assembly was then secured to the GliC housing 
by means of flat head screws,  which permit? repair of thermocouples 
if necessary. 

The ogive section was filled with foam resin at this stage.    The 
later addition of the counterweight extension required removal of the 
foam resin. 

Temperature Reference Junction Assembly 

A mtcarta servo board was placed aiainst the servo block with the 
teflon tubing carrying thermocouple leads passing through its by-pass 
notch.    The umbilical connector was then installed with approximately 
9-inch lengths of the required internal leads soldered in place. 

A temporary assembly of reference junction components was made 
to determine a convenient length for the GfcC thermocouple and umbilical 
leads.    These Krads extended about 6 inches beyond the end of the GliC 
section.    Shorter leads would have made soldering and spot welding 
awkward, whereas longer leads would have presented a storage problem 
during final reference junction assembly because of the small space 
available. 

The teflon tubes carrying GliC thermocouples were cut about 2 
inches above the servo board.    The brown over-all insulation was re- 
moved from each of the thermocouple leads down to the point where they 
touched the base of a notch in the micarta junction support.   The Alumel 
(red insulation) and Chromel (yellow insulation) leads then extended 
about 5 inches from the notch.    About 1/2 inch of the individual wire 
insulation was then stripped from the end of each wire in this thermo- 
couple group, and the expos«d wire was thoroughly cleaned with emery cloth. 
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Ten 5-inch lengths of Chromel wire of the tame calibration as the 
duplex material wire were stripped of insulation 1/2 inch from each 
end,  and the ends were cleaned with emery cloth.    These pieces were 
to be used later for the positive side of the reference masses. 

Three 6-inch lengths of duplex wire of the same calibration were 
cut for the aft thermocouple group.    About 1/2 inch of the over-all in- 
sulation and 1/4 inch of the single conductor insulation were removed 
from one end of each 6-inch length of duplex wire; about 3 inches of the 
over-all covering and 1/2 inch of single conductor insulation were re- 
moved from the opposite end.    All bare ends of the leads were thoroughly 
cleaned with emery cloth. 

The lead preparation described abov? takes care of all thermo- 
couple circuits up to the terminal board. 

Junction Block Preparation 

The junction block was anodized with a heavy coat to reduce the 
possibility of short-circuiting between reference masses and to electri- 
cally isolate the thermistor from the junction block. 

Thermistor Calibration.    The General Electric No.  D204 Type R 
thermistor used for monitoring the reference block temperature during 
flight was calibrated in a water bath since the nominal thermistor re- 
sistance (125 ohms at 24*C) is small compared to interlead resistance 
of the water path.    Bath temperature changes ranging from 40* to !10*F 
were made using ice and electric heating units.    Temperatures wore 
measured with a mercury thermometer, and thermistor resistance was 
measured using an ESI Model 250 impedance bridge. 

Thermistor Installation.    Teflon tubing was fitted over each 
thermistor lead and the leads were soldered to 24-gage teflon-insulated 
stranded copper wire.    The thermistor was inserted in the junction 
block and potted in place with Epocast 502, with the lower ends of the 
teflon tubing also being secured by the epoxy.    An electrical check alter 
hardening of the «poxy showed the thermistor isolated from the junction 
block. 

Preparation of Junction Block Holes for Reference Masses.    First 
attempts to install the reference masses in the junction ETocE without 
grounding to the block were not completely successful due to penetration 
of the anodUed film by the sliding masses.   It was found that heavy 
silicon grease applied to the hole inside surfaces and the sides i«f the 
reference masses eliminated grounding, if the masses were not moved 
excessively. 
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Reference Mast Preparation 

The ten steel reference masses were degreased and one of the 5- 
inch lengths of Chromel wire was spot welded to the flat which was milled 
on the side of each mass.    Each lead extended about two thirds the length 
of the flat and was displaced about 1/16 inch from its centerline. 

The Alumel wire of each of the three 6-inch lengths of duplex wire 
(aft thermocouple group) was welded to a reference mass with the wire 
aligned parallel to and about 1/8 inch from the Chromel wire. Alumel 
wires from the GlcC thermocouple group were welded in the same way 
to the remaining seven reference masses. 

Seven of the reference masses were now connected to the GliC unit. 
To reduce flexing of the leads which resulted in wire breakage at the 
reference masses several times, the masses were taped to the outside 
surface of the GfcC housing in the order of their circuit number.    They 
coule then be removed individually as needed. 

Thermocouple Connections to the Terminal Board 

All free ends of the thermocouple circuits were Chromel wire at 
this stage. These ends were completely tinned with resin core solder 
over the 1/2-inch length. Each wire was then wound two revolutions 
around its designated pin on the terminal toard and soldered in place. 
The terminal board was arranged so tha: the pair of leads from a ref- 
erence mass went to the adjacent pine to mittimise any parasitic EHF 
due to temperature differences between pins. 

instillation of Reference Masses in Junction Block 

In preparation, the G4C section was supported with the aft end up. 
The junction support was set in place on the servo board with the slots 
for wire passage aligned with the umbilical connector.    The junction 
block waj then inserted in the junction support and secured to it by 
m9*nw of screws at the sides. 

All reference masses were first passed through the hold in the 
junction cap and then each was carefully inserted in a bole in the junction 
block.    The thermistor leads were fed back through the Junction cap 
for later connection to the terminal board.    The cap was then fastened 
to the junction block.    After testing to insure that all masses were 
electrically isolated from each other and the Junction block/cap assembly, 
the masses were immediately potted in place using Epocast 502. 

After the epoxy had hardened, the terminal board was fitted into 
the junction support and the excets wire carefully folded into the small 
space between the Jui» tion cap and terminal board. 
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Final G&C Assembh 

All umbilical leads were passed through the center hole of the con- 
nector board and were soldered to their proper pins on a Cannon connector. 
Teflon-covered stranded copper wire was then soldered to terminal 
board pins,  passed through the connector board,  and soldered to the 
correct Cannon pin.    Finally,  wires for the aft thermocouples were 
passed through the off-center hole of the connector board and soldered 
to the proper pins of a second Cannon connector.    After potting the leads 
around the rear of the connector«,   both connectors were fastened to the 
connector board. 

When electrical checks showed that no grounding nor short circuiting 
existed,  the connector board and forward TM adapter were secured to 
the GlfC housing. 

Application of Foam Resin 

Foam resin was used m the G4C section for three reasons: (1) to 
insulate the reference junction from changes in the missile external 
temperature  (2) to minimise vibration of wires which ultimately would 
lead to fatigue failures,  and (3) to reduce air flow inside the unit during 
flight tests. 

"Scotchcast" resin was used as the foam material because the powder 
is more readily handled in this application than liquid raw materials, 
and the curing temperature is comparatively low (I )0*C). 

The reference junction,  servo, and ogive regtons were foamed 
separately at different stages of GfcC assembly,  with each operation 
taking approximately f» hours; however, all portions could have been 
foamed in onv operation since the expansion ratio was found to be fairly 
reliable, and appreciable underfilling %>t overfilling did not occur. 

MOTOR THERMOCOUPLE INSTALLATION 

The motor has two stages tn which only the first or booster stage 
has an insulated motor-tube liner.    Since the sustainer grain would be 
more rapidly heated than the booster grain in high-speed captive flight, 
all motor thermocouples were placed in a dummy sustainer grain.    This 
inert motor was equipped with .wo thermocouples placed 180 deg apart 
in the dummy grain, each about 0. 040 inch below the surface and 11. 25 
inches from the forward end of the grain.    An additional thermocouple, 
make up as a 1/ 16-inch diameter stainless-steel disc assembly similar 
to those used in the wing, was placed adjacent to each of the original 
thermocouples, making two pairs ISO deg apart.    Each new thermocouple 
was place* in a S/16-inch diameter by 0. 010-i.ich deep eavity milled 
:nto the gra ,n surface; the wires were carried away in a groove for 
about 1 inch Sefore entering a hole drilled into the grain perforation.   The 
thermocouple discs were held in place with rrllophane tape wrapped 
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around the grain. 

The dummy second-stage grain was secured by a screw passing 
through the motor wall and into the grain to prevent rotation in flight. 

WING THERMOCOUPLE INSTALLATION 

Two thermocouples were installed in the grooved wing using a pro- 
cedure similar to that used for the fin.    In the case of the wing, however, 
the disc inlet is on one side of the wing and the wire groove on the other. 
This construction was used because of the small wing thickness at the 
places where the thermocouples were installed. 

Next,  a conduit was formed from 3/16-inch I. D.   aluminum alloy 
tubing running along the win« surface about 1. 5 inches above the root, 
along the motor tube and into the aft TM adapter at the TM unit and 
adapter joint.    The wing thermocouple leads were pulled through this 
conduit and into the adapter until only small loops of thermocouple leads 
remained exposed on the wing surface.    A fairing strip was formed of 
2-inch wide aluminum sheet over the conduit on the wing and extended 
several inches beyond the end of the conduit.    The wing was drilled and 
tapped for werews, and the fairing was drilled with matching clearance holes. 

Epobond cement was then applied to all exposed thermocouple leads 
and the entire area to be covered by the fairing strip.    The fairing strip 
was secured to the wing by fillister head screws,  and the excess Epobond 
was removed from the wing surface.    After the Epobond hardened,  emery 
cloth was used to smooth the surface and blend it into the wing. 

The conduit was secured to the motor tube at three places by means 
of "Bandit" stuiniess-stiel bands 1/2 inch wide. 

Leads from the wing thermocouple were soldered to pins of a Cannon 
connector. 

AFT TM ADAPTER THERMOCOUPLE 

Installation 

One thermocouple was installed in the aft TM adapter using •> pro- 
cedure similar to that used in installing the GliC housing (ogive) thermo- 
couples     The lead« from the adapter thermocouple were soldered to 
pins of a subminiature connector. 

Connection 

Thermocouple signals aft of the TM package were picked up by two 
wwiuiector* mounted a: the rear of the TM package.    Chrome 1-Alum~l 
leads ran from the aft connectors directly through the TM package 
conn« 
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forward to pins of another connector.    This connector was plugged into 
its mating connector mounted on the reference junction connector board. 

Three thermocouple outputs aft of the TM package were permitted 
in any one flight by the telemetering round design.    The adapter thermo- 
couple was connected into the TM system for every flight,  and the re- 
maining two outputs were selected from the wing or motor-grain thermo- 
couples.    On the firing run, the wing thermocouples were used. 

Painting 

In all captive-flight testing, the round (shown in Fig.   1) was painted 
glossy white over the GfcC section,  motor aft TM adapter assembly, 
and wings,  and the TM package was painted fire-orange. 

For the firing run,  a roll patterned (fire-orange--saturn-green) 
live motor was used with the wings painted fire-orange over-all except 
in the region of the thermocouples.    The painting of the GltC section 
and the TM package was left unchanged, 

TEMPERATURE CALIBRATION PROCEDURE 

The purpose of the calibration tests was to check the response of 
the round under heating and cooling conditions, and to verify that cor- 
rect temperatures were indicated by the thermocouples.    Only the GltC 
section was tested in this manner.    The aft round thermocouples were 
replaced by duplicate thermocouples located adjacent to the GlcC section 
as an additional temperature check. 

The GtC section was placed in a refrigerator-oven controlled by 
a Brown Electronic recorder.    A mercury thermometer visible through 
the oven door was placed with the bulb about 3 inches above the GltC 
section. 

Leads of the three thermocouples representing aft thermocouples 
of the complete round were soldered to pins of a Cannon connector, 
which was plugged into the mating reference junction connector.    Long 
copper leads were soldered to pins of another connector which was alto 
plugged into its mating reference junction connector, the leads being 
carried through the oven wall to a terminal strip.    Each contact pair of 
the terminal strip receiving a thermocouple output was Ihen connected 
to a LfcN-thermocouple 10-point-selector switch, the output of which 
was connected to the y-coordinate contacts of a Moselcy A3 x-y recorder. 
The reference-junction thermistor leads were connected to a sener- 
diode regulated source through a large dropping resistor to obtain about 
5 mv output from the thermistor at room temperature.    Voltage was 
applied across the thermistor through the selector switch only when 
readings were to bo made, to minimise thermistor self-heating. 
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When a convenient lime base (x-axis) and y-axis sensitivity were 
established,  a y-axis calibration was run using th* output of an LltN 
potentiometer.    The cooling (or heating) cycle was started by setting 
the Brown controller to the required temperature setting,  and thermo- 
couple and thermistor readings were made at convenient intervals de- 
pending on the temperature rate of change.    These readings were recorded 
on the Moscley instrument by rotating the selector switch at a one- 
channel/sec rate.    In these tests,   10 records/inch were obtained. 

Approximately 4 hours were required for most thermocouples to 
approach the oven equilibrium temperature within 3*F.    At the higher 
temperatures and long heating periods,  the reference junction began to 
change temperature rapidly--112*F maximum t'  nperatures were re- 
corded which restricted the maximum oven test temperature to 200*F. 
(This effect, however, was never a problem in the aerodynamic heating 
tests because of their short duration. )   The refrigerator-oven tests were 
run at equilibrium temperatures of 40*,   100*,  and 200*F. 

The conversion of the Moseley recorder data (EMF) to temperatures 
was performed as follows: 

1. The EMF data for the reference junction thermistor were con- 
verted into temperature,   *F,  using the previous water-bath calibration. 

2. The thermocouple EMF data were converted into temperature 
data,   *F, from a standard temperature-versus-EMF table for K- 
calibration Chromel-Alumel thermocouples. 

3. The thermistor and thermocouple temperatures were algebra- 
ically added to determine each cest junction temperature. 

Within the temperature range of these tests, which extended over 
most of the range observed in captive-flight condition!, the round equi- 
librium temperatures in all cases agreed within 3*F of the oven tem- 
perature as indicated by independent thermocouples and mercury 
thermometers. 
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SECTION II.    CAPTIVE- AND FREE-FLIGHT TESTS 
OF A TEMPERATURE-TELEMETERING ROUND 

By 

L.  R.  Argabright and C.  H.  Johnson 

INTRODUCTION 

Seven captive-flight teats were made of a temperature-telemetering 
round (described in Section I) mounted on a F-104 aircraft to determine 
temperature profiles experienced by a missile carried on a Mach 2. 0 
aircraft.    The test program culminated in the firing of the round during 
the final flight. 

The data obtained appear to be nearly complete and generally of 
excellent quality.    Analysis of the data has not been completed and, 
hence, will be reported in a separate publication.    This section discusses 
the experimental aspects of the program and presents examples of the 
data obtained. 

TEST MODEL 

Extent of Simulation 

The external configuration of the model (shown in Fig.  I, Section I) 
was that of the Sidewinder 1C except for the addition of a small external 
tube through which the wing thermocouple wires ran to the telemeter 
unit and the use of dummy rolle rone instead of real ones. 

Internally, several compromises were necessary in order to ac- 
commodate the instrumentation.   The fins were mounted on the stand- 
ard rocker arms and installed on the servo block and post assembly. 
However, fixed dummy pistons were used, and there were no electronics 
package nor seeker components.   Structural adapters were required at 
both ends of the telemeter unit to mate it with the missile hardware. 
The dummy motor used in the captive tests was loaded with a dummy 
grain whose thermal simulation of a live motor it not well established. 

An unforseen variation in captive- and free-flight simulation arose 
when, after most of the captive tests, it was determined that t. weight 
had to be added near the nose to increase the center-of-gravity to center- 
of-pressure separation for fixed-fin flight.   This changed the thermal 
capacity and thermal path in the ogive section and resulted in a notice- 
able change in thermal response in that area. 
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Instrumentation 

Chromel-Alumel thermocouple* were installed at selected locations 
as listed in Table 2 and indicated in Fig.  7.    Thermocouple units im- 
bedded in outside surfaces had low thermal resistance to the base ma- 
terial and were flush with the surface so that representative temperatures 
of the base materials were obtained.    Thermocouples fastened to the 
inside surfaces were close-fitting low-mass units which were capable of 
closely following temperature changes in the base material under un- 
steady-state flight conditions. 

TABLE 2.    Location of Thermocouple Junction 

Chnnn«! 
No.* 

Thermocouple 
Junction 

Internal 
CouO«CtlOO Location 

Orientation*. 
dog 

ft Dom« No.  1 Permanent Oomo iaeide lutdc«, 0 dog from dorn« coottr ... 
7 Dom« No. 2 Permanent Dem« inside surface, IS dog from dorn« cootor 90 

?• Dom« No.  1 Not connected Oomo inside tarfacc, 10 dog Irom oomo cootor 
(4i dome edge) 

170 

• ogivt. rw Permanent OaC noticing tattoo iur(»c«, Sta. 4.1 (to.) ftO 

• Ogtva, Alt Permanent GaC aoattag tattoo surface, Su. 11.0 (in.) 40 

10 Tim. Tw4 Permanent Surface 1/4 lack Irom leading oofc (oa surfte* 
ooooeitc omaiUcal) 

lift 

II rio. AII« Permanent Surface 1/4 taca from leading oago (oa tar fact 
ooooeite umWltcal) 

lift 

11 Oraia No. 1-1) 
Connector" 

II. 1ft w.   from MCSVmotor junction. 0.040 
taca deep 

«0 

11 Oraia Na. |.g) II. 1ft tat. Irom MCB/metor junction, tarlaco 90 

1 I'- 

ll" 

Grata Na.l-It 

Grain No. I'll 
CoojMtior4 

11.II W. from MCB/motor junctioa, 0.040 
taca dee» 

II. 1ft la. Irom MCB/motor juncucn. tarlaco 

119 

1T0 

ir «tag. r«o   % 

Vlag. Alt*    ' 
Co—off* 

Surface 1/4 taca Irom leading edge (tarlaco 

Surface i/4 iaca Irom leading edge (tarlaco 
SSBBSBBBojl S W"   SB»^SSSS>0>0 mSB S | 

lift 

lift 

14 All Adaptor Coaaoctor Inside tarlaco at mid-lcagta. fta. 41.1ft 100 

^Referring to fig. ?. 

^Orientation counterclockwise Irom umatlical factag forward, 
cPaiat removed Irom tarltct of temper a ture-seucisg Site oa Iroo-IUgat tool. 

Only oao aatr of tncrmocoualct ta ttmaoraiaro-moaoartag ayttom for each 
ratrmtrtaplt aatr used ta Iroo-IUfte loot. 

* Motor Coot rot Boa. 

Aigat.   Wiag 
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The telemetering system was an FM/FM system with commutated 
input to a single voltage-controlled subcarrier oscillator.   A 30- segment 
low-level commutator, operating at a speed of 5 rps, alternately sampled 
zero voltage and a thermocouple or calibration voltage in a make-before - 
break mode.    In-flight calibration was accomplished by applying low- 
level voltages to three of the commutator segments from a voltage divider 
network excited by a zener-diode regulated supply.    Nine thermocouple 
outputs were commutated as well as the calibration voltages.    The com- 
mutator output was amplified by a transistor amplifier with a gain of 
1, 000 and applied to a single 70-kc ±15% deviation subcarrier oscillator 
which modulated an FM transmitter.    After the captive flights, the 
sensitivity and temperature range w&'j adjusted to accept the higher level 
signals expected on the firing flight. 

FLIGHT TEST PROGRAM 

The original philosophy of the flight test program called for reach- 
ing two objectives:   (1) imposing, as nearly as possible, a step tempera- 
ture increase on the missile to determine the "time-constant" of the 
instrumented components, and (2) imposing the maximum heating condi- 
tions on the missile which were attainable with available aircraft for 
captive and firing tests. 

During the early part of lb* test program, it became apparent that 
the F-104 aircraft used in these tests did not have sufficient performance 
or furl to give a satisfactory sustained temperature step input to the 
missile.   However, stagnation temperature rates of about 80*F/min 
were experienced in the routine course of the maximum performance 
tests. 

After the first preliminary flights, it was determined that maximum 
heating was obtained by climbing to about 35,000 ft, accelerating to 
about Mach 1.8, climbing at an essentially constant Mach number to 
50, 000 to 55, 000 ft, and then again accelerating in level flight to about 
Mach 2. 0.   The F-104 is inlet-temperature limited at 100'C and, 
therefore, the exact top Mach number varied from day to day with the 
static temperature.    Furthermore, this temperature limit made it dif- 
ficult for the pilot to predetermine a Mach number over which he should 
not go. 

These factors, plus the added variable of having several pilots 
throughout the flight test program, yielded flights with individualistic 
stagnation profiles. 

Good temperature data were received on six captive flights and the 
firing flight.    Time correlation between aircraft and telemetered data 
was not obtained on one flight, so that the data from this flight are of 
doubtful value. 
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DATA 

The stagnation temperature,   T  ,  is computed as 

T8   =   TÄ(i + 0.2M2) (1) 

whsre T^is static temperature at the given altitude (from meterological 
data) and M is the Mach number.   Somewhat peculiar looking stagnation 
temperature profiles were obtained in these tests due to the rapid change 
in static temperature during the climb to altitude and the M2 relationship. 

The stagnation temperature is not to be construed as the forcing 
temperature upon the various channels of data, but rather is an indica- 
tion of the maximum temperature tc be expected at the stagnation point 
of the missile.    The forcing temperature or recovery temperature it, 
however, a function of the stagnation temperature. 

The stagnation temperature data plotted for the free-flight portion 
of Flight 7 was computed from trajectory data obtained from ground 
instrumentation. 

No data was obtained on Channel 14 for Flights 2-5 because of a 
damaged thermocouple lead.    Channel 6 exhibited tome peculiar charac- 
teristics on Flights 3, 6. and 7 which have not yet been reconciled. 
Representative temperature data obtained are presented in Fig. 8 and 9. 

)00 

TIM. SCCOMOS 

FIG.  8.    Typical Temperature Dota for Captive Flight. 
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As a result of greater reading error in the less-sensitive telemetered 
data, more data scatter was obtained on the flight in which the missile 
was fired. 

ANALYSIS 

A thorough analysis of the data is planned.   Minor refinements may 
be made in the data reduction and particular attention will be given to 
the actual trajectory followed by the fired round.   Askania data smoothing 
techniques are being examined to determine the best estimate of the 
actual trajectory.    This trajectory information will then be used as the 
input to analytical methods for predicting the temperatures expected 
under the test conditions.    These results will be compared with the 
values obtained experimentally. 

These data, to be published in a separate report, are expected to 
be very useful in corroborating schemes to predict temperatures arising 
from aerodynamic heating at conditions beyond the present test capabilities. 
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SECTION HI.    THERMAL LAG OF INSULATED 
THERMOCOUPLE REFERENCE JUNCTION BLOCK 

By 

Warren K. Smith 

NTRODUCTION 

In measuring temperatures at various locations on missiles during 
flight tests, thermocouples are one of the more desirable means of 
sensing the temperatures because they can be made with small thermal 
capacity and fast response.    They also generate their own electrical out- 
put for measuring and recording instruments.    However, thermocouples 
require that reference junctions at known temperatures be provided, and 
this requirement presents some problems. 

BACKGROUND 

A considerable period of time may elapse between assembly of the 
missile and its firing from the aircraft.    An ice water reference would, 
therefore, not be practical.   A heated and controlled reference block 
would call for connection to the aircraft power supply and require some 
time to become stable.    The approach used here is to provide a well- 
ineulated metal block into which the cold junctions are all embeddeo and 
electrically insulated from each other.   One junction in the block can 
be temporarily connected with an external junction in an ice bath (thermos 
bottle) and to a portable potentiometer.    By this means the actual tem- 
perature of the reference junctior block can be measured just prior to 
take-off of the aircraft.    By knowing the environment surrounding the 
reference block during flight, the flight time, and the insulating prop- 
erties of the thermal protection around the block, the reference block 
temperature can be known within the general limits of accuracy #• .pected 
for this test. 

RESULTS OF TEST 

A brief test was made to obtain some idea of the rapidity of tem- 
perature change that may occur in the block.   The steel block wa> 2 
inches in diameter by 2 inches long with twenty-five 1/16-inch diameter 
holes drilled in one end to the middle of the block.    The block was con- 
tained in a wooden box with inside dimensions 4x4x4 inches, with the 
intervening space being occupied by styrafoam.   The box containing the 
styrafoam and steel block was first equalised at room temperature and 
then placed in an oven at 220*F, after which temperature was measured 
on a portable potentiometer every 5 minutes. 
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The block temperature during this test is plotted in Fig.   10 along 
with the oven temperature.    The oven temperature dropped about 30*F 
when the box was inserted.    Twenty minutes passed before any tempera- 
ture rise in the block could be detected.    Then the rate of rise was only 
about 2*F in 5 minutes. 

It is considered likely that, in most applications, the missile will 
be fired before the reference block can change more than 4*F from the 
final pre-takeoff reading.    This accuracy should be sufficient to pre- 
clude the trouble and expense of other arrangements. 

If the time between take-off and missile firing is likely to exceed 
30 minutes by any significant amount,  a thermistor can be used to 
monitor the block temperature.    Of course, this will require a channel 
and means of telemetering the reference block temperature. 
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SECTION IV.    RADIANT HEATING TESTS OF A NOSE CONE 

By 
Warren K.  Smith 

PRELIMINARY TEST 

A teat of a nose cone was conducted in the radiant heating facility 
to determine how well this facility could simulate a desired environment 
and to test some ideas concerning a light-weight nose cone. 

Two temperature control points were used to program the heaters. 
One location was the stagnation point, and the other was about half way 
along the outer surface of the cone.   The stagnation-point thermocouple 
controlled a flat bank of quarts tube IR heaters behind which was a set 
of three concentric reflectors (see Fig.   II) designed to provide the 
proper heat flux distribution over the nose cone.    The thermocouple on 
the cone controlled a cylindrical bank of tubes.    A total of 150 kw was 
available in the three channels used. 

The EMF from the control thermocouples was compared with EMF 
programmed according to a predetermined temperature schedule.    The 
differential or error signal was amplified and used to control the igni- 
tion circuit to the heater tubes.    The location of the thermocouples is 
■hown in Fig.  12. 

Figure 13 is a comparison between the temperatures desired for the 
stagnation point and those mtasured in this test.   The first peak was 
not followed due to insufficient gain setting on the heat control units. 
This was corrected during the test, and the second peak was approached 
better, although still not too closely.   However, the inside steel shell 
was reasonably close to the temperature predicted for this program. 

Figure 14 presents the results of temperature measurements on 
the cone.    Again, the first temperature peak was not followed, but the 
second one was.   Inside shell temperatures were about as expected. 

Figure 15 shows that the payload supporting structure did not reach 
dangerous temperatures, but the payload container itself did got too hot. 
It was observed that all of the spacemetal supporting structure and the 
numerous ipot welds were undamaged. 

The phenolic -asbestos outer surface suffered some checking and 
local peeling of layers (see Fig.  16) and extensive charring, but did not 
separate from the aieel inner shell.   Two gas blisters formed between 
the plastic and steel hemisphere and caused two inward dents in the stcvl 
shell. 
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PHENOLIC 
ASBESTOS 

SPACEMETAL 
RIB 

•     =    LOCATION   OF THERMOCOUPLE 

FIG.   12.    Arrangement M Nose Cone Structure and Thermocouple. 

In conclusion,  it can be said that the facility was not completely 
successful in providing the desired environment.    Simulation was close 
enough to indicate that reasonably accurate simulation can be obtained 
by this means.    More work with the system is necessary before this 
can be attained,  however. 

hi addition,  it was apparent that, with some small modification,  .1 
nose cone of the type tested would probably withstand an environment 
similar to the one prescribed here. 
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FIG.   \i.    Nose Cone,   Before and After Test. 

SECOND TEST,  MODIFIED NOSE CONE 

A second radiant heating test was conducted on a modified light- 
weight nose cone.    In this test,  alterations were made on the basis of 
the results of the first test.    The principal modifications were an in- 
crease in payload insulation and the provision of small gas-relief holes 
drilled through the inner st -el »hell into the plastic.    Care was used in 
the program adjustment so that both peak temperatures would be ap- 
proached.    The main objectives of the test were (1) to attempt to obtain 
mor- accurate simulation of the environment desired,  and (2) to assure 
adequate protection of the payload,  that no structural failure would 
occur,  and that the plastic covering would survive the heating cycles 
without coming off the steel shell. 

Figure 17 is a sketch of the nose cone showing the location of the 
Chromel-Alumel thermocouples.    Number 1 and 7 were used for controls 
as well a* recording.    Thermocouple No.   1 controlled the flat bank of 
radiant heating tubes arranged as in the first test to simulate the heat- 
ing at the stagnation point.    Number 7 controlled the 60 lamps in the 
surrounding cylindrical arrangement.    Altogether,   150 kw of power was 
available in the three channels.    The thermocouples at the surface of 
the plastic were cemented in shallow grooves with Sauereisen cement. 

Curves comparing the recorded temperatures at the various loca- 
tions with the corresponding programmed temperatures are presented 
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FIG.   17.    Arrangement of Nose Cone Structure and Thermocouples. 

in Fig.   18-21.    Figure 18 indicates that the programmed peak tem- 
peratures were not quite achieved, but a maximum surface temperature 
of about 2400*F was attained briefly.    Inside temperatures were not 
far out of line, indicating that, for one thing, the thermal property data 
for the material may be fairly accurate.    At the 45-dcg location on the 
hemisphere, the measured temperatures were consistently below those 
programmed.    This was because of inadequate redistribution of the ra- 
diant energy by the special concentric reflectors built for this purpose. 

Calculations for the side of the cone (Fig.  20) were made only for 
a thin metal shell,  whereas in the test model 1/16 inch of plastic was 
molded over the exterior of the cone.    Except for the first peak,  the 
outside surface temperature of the plastic followed that predicted for the 
sheet metal rather well.    Figure 21 shown that the spacemetal disc and 
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payload can did not exceed 200-250*F within 5 minutes. Since the can 
wall it paper-thin and no filling w%i present in the can for a heat sink, 
it is felt that any payload would be adequately protected. 

No appreciable peeling or delaminstion occured in the nose cone 
during the test, but some checking was present on the surface.    The 
surface was well charred.    The cemented-in thermocouples were un- 
disturbed.    Figure 22 shows a section through the nose cone obtained 
by slicing the whole assembly in two with a handsaw.    The structural 
supports and insulation are revealed.   In one place a bubble occurred 
that separated the plastic from the steel shell.    Vibration from the band- 
saw caused the separation that is lower along the sides.    The cap and 
shell still appeared to be quite rigid and strong, even though deeply 
charred. 

The   'salt and pepper" holes, drilled into the steel and plastic from 
the inside to relieve gas pressure and prevent dc lamination,  should 
have been drilled from the outside.    As it was, gases from the decom- 
posing plastic condensed and left considerable phenol inside the nose 
cone. 

In conclusion, the simulation of a predetermined environment by 
the radiant heating facility, although better than it was in the first test, 
is still not completely satisfactory.   The major problem appears to be 
in the denign of proper reflectors and in the arrangement of tubes w* a 
manner which will adequately simulate a given heat flux gradient over 
the surface of the test item.   The facility appears to be capable of quite 
accurate simulation of a heat flux which varies with time only and not 
with position on the test surface. 
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