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SUIMARY

This Note gives the results of experiments carr-ied out with 1000 lb Mk.1O
bombs at R.A.F. Idris, August-September, 1962.

Values are given for the temperatures recorded on and within bombs stored

in full sunlight. It is inferred that there is little danger of the filling

melting even under the worst tropical conditions.

Results of flight trials confirm the tables of speed restrictions
previously issued (R.A.E. Tech. Note No. Arm 704) for external carriage of

V.T. fuze No.906 and 1000 lb bombs.

Some information is given regarding the met. conditions at Idris during
the period of the trials.
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I INTRODUCTION

During the recent Buccaneer tropical trials at R.A.F. Idris, Libya,
August-September, 1962, an R.A.E. team attended to study the behaviour of various
weapons under tropical or near-tropical conditions.

This Note is concerned solely with tests on the 1000 lb ik.1O bomb
(although the results are applicable equally to the 1000 lb N.1 bomb) and covers
the following conditions:-

(a) heating of the bomb when stored on the ground in the sun,

(b) heating of the bomb on the aircraft pylon, with the aircraft standing
in the sun on the ground,

(c) heating of the bomb in the aircraft bomb bay during flight,

(d) kinetic heating of the bomb in flight when carried externally on the
aircraft pylon.

Case (a) was covered adequately in the period before the aircraft arrived
at Idris, but owing to the short time during which a serviceable aeroplane was
available (5 days) for all the tropical trials, only one test could be made under
each of cases (b) to (d).

In addition to the heat measurements made on the bombs, solar radiation
intensity was measured near by and data on shade temperature, wind speed and
direction, humidity and low cloud coverage was obtained from the Idris Met.
Office.

Most of the trials undertaken had as aim the verification of previously-
propounded theories on bomb heating under near-tropical conditions. This was
done, as far as possible, but flight limitations imposed on the aircraft
(550 knots maximum speed, with air temperature not to exceed 350C) made it
impossible to obtain as high boub temperature increases over U.K. summer flight
conditions (lower air temperatures but higher aircraft speeds) as had been
hoped for.

2 WEATHER CONDITIONS

Owing to delay in starting the trials (August 21st instead of mid-July)
the air temperatures experienced at Idris were not as high as had been expected,
being generally in the low 30s centigrade, with the occasional excursion to
350C.

There were many cloudless days, but cloud cover tended to increase towards
the end of the trials (mid-September) and for several days at the end of August
sand-storms were blowing.

~~T -uso ED
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Appendix 1 gives details of:-

shade temperature,
humidity,
low-cloud cover,
wind speed and direction,
solar radiation,

for the days on which the trials reported in this Note were carried out.

The Appendix also gives maximum and minimum shade temperatures for the
whole period of the trials.

The solar radiation was measured with a Kipp Solarimeter which had been
calibrated at Kew Observatory.

3 INSTRUKENTATION

3.1 Bomb

The 1000 lb Mk.1O bomb was fitted with eighteen platinum-law resistance
thermometer elements arranged in two groups of nine as shown in Fig.1.

Of each group of three elements, one was just below the surface of the
bomb skin, one was at the surface of the bomb filling and one was 3 ems deep in
the filling.

Full details, with diagrams, are given in Ref.1, the only difference being
that for the trials described in this Note the cables from the thermometer
elements were brought out from the rear fuze well and not from a hole cut in the
top of the bomb.

The instrumented bomb was filled with an inert substance having heat
properties as close as possible to those of Torpex 2A (see Ref.1, Appendix i)
and connexions were provided into the nose fuze well so that a V.T. fuse,
instrumented with two resistance thermometer elements (one on the power pack,
one on the amplifier) could be connected if desired.

3.2 Recording

Two methods were used for recording temperatures. For the ground trials,
the leads from the thermometer elements were connected to a selector box in which
each element could, in turn, be connected to a ratiometer which gave a direct
temperature reading.

For flight trials, the same method could not be used and a photographic
recorder was constructed to fit inside the bomb tail, mounted on anti-vibration
mountings. (See Appendix 2 for details.) Once every minute twelve of the
thermometer elements in the bomb (the desired twelve being selected before the
trial) were sampled automatically, connected to a ratiometer, and the ratiometer
dial together with an adjacent clock photographed after allowing five sees for
the ratiometer needle to take up its correct position on the dial.

- 5 -
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This cycle of twelve samples per minute oould be repeated for as long as
the recorder was switched on. Power from the recorder was obtained from the
pylon or bomb bay (for external or internal carriage respectively) and fed to
it either through a two-pin plug in the base of the tail (internal carriage
only) or via leads which entered the bomb through the E.L. fuzing position and
emerged from the tail fuze well to be connected to the recorder.

In practice, it was found better to sample eleven resistance elements in
turn and to leave the twelfth position unconnected to form an identification
point once in each cycle.

The accuracy of the system is such as to give mean temperature rises
correct to ±20 C. Before test, care was taken to ensure that the bomb was stored
in such a way that its temperature was reasonably constant throughout. The mean
value obtained from a pre-test record was taken as the initial temperature of
the bomb. Bomb temperatures throughout the trial were then obtained by adding
this result to the values of temperature rise obtained from the film.

4 GROUND TRIALS

4.1 Bomb on ground trolley

Three trials were carried out with the bomb on a bomb trolley inside a
compound such that it was effectively shielded from wind but was in the full sun
for most of the daylight hours (06.30-20.00 hrs local time, G.M.T. + 2 hrs).
The shielding from wind was not intentional.

The trolley was placed in position after dark the previous evening (this
was dictated by other trials carried out in parallel) and left in position all
night, recording starting at 04.00 hrs the next morning and continuing until
04.00 hrs of the next day.

The conditions of test were as follows:-

Trial 1, bomb in north-south orientation with nose to south. No tail
fitted. V.T. fuze No.906 fitted.

Trial 2, bomb in east-west orientation with nose to east. No tail fitted.
No V.T. fuze fitted.

Trial 3, bomb in east-viest orientation with nose to east. Tail No.114
fitted. No V.T. fuze fitted.

Tables 1-3 show the temperatures attained during the three trials together
with the relevant met. data; Figs.2-10 show the temperature data in graphical
form.

4.2 Bomb on pylon

One trial (No.)) was conducted with the bomb mounted on the inboard port
pylon of the aircraft parked on the airfield with its nose pointing west.

-6-
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Again, the bomb was put into position the previous evening, but owing to
aircraft servicing requirements recording was only possible between 09.30 hre
and 14.00 hra, during which time the bomb was almost completely shaded from
direct sunlight by the aircraft wing. It was not shielded from such wind as was
blowing,

Table 4 shows the results obtained.

4.3 Results obtained

4.3.1 Comparison between Figs.2, 5 and 8 shows clearly the different
effect arising out of the direction in which the bomb was pointing. In Fig.2,
with bomb pointing south, the sun was on the port side during the morning, then
changed to the starboard side for the hottest part of the day (14.00-16.00
local time).

In Figs.5 and 8, the bomb nose pointed to the east and the starboard side
was in the sun all day long, with the port side partly shaded from direct sun-
light by the top of the bomb.

For all three oases, the bottom of the bomb never received full, direct
sunlight and the temperature rises there are only slightly greater than those of
the ambient shade temperature, augmented, perhaps, by some slight' reflexion from
the ground.

Pigs.3, 6 and 9 show that in only one case does the temperature at the
surface of the bomb filling exceed 500 C, and that only marginally.

During the hours of darkness the bomb cools steadily and by dawn next
morning is completely cooled to air ambient temperature which, for the duration
of the trials, was generally slightly below 20 0 C.

Considering the state of affairs at a depth of 3 oms into the filling
(Figs.4, 7 and 10) we see that the maximum mean temperatures for the three trials
are 42, 34 and 380C respectively with an over-all mean of 38oC. Individual
points exceed these values for a time, but nowhere do the temperatures approach
near to the melting point of Torpex (70-800 C). The amount of filling to a depth
of 3 ome is about * the capacity of the bomb and oonseq uently the major part of
the filling will be at a temperature of less than the 380 C quoted above, which
itself represents a temperature rise of about 180 C.

Even under maximum temperature atmosphere conditions the initial morning
temperature would probably be not very much in excess of 20 0 C. If the bomb
filling temperature rose by tioe the &mount found in these trials (and this is
most unlikely) it would still be oon iderably below melting point.

It appears, then, that there is little danger of the bomb filling melting
(except perhaps for very local melting at the surface of the filling) during
ground storage and that a maximum mean temperature of 350 C for the filling, as
has been assumed previously (Ref.1), is reasonable.

Some protection is usually provided for stored bombs, and even a tarpaulin
sheet would reduce local temnerature rises considerably (see para.4.3.3).

-7-
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4.3.2 The V.T. fuze, (Trial No.1, Table i) did not appear to heat up
quite so much as might have been expected. It is, however, a light structure,
very susoeptibel to cooling from changes of ambient temperature and by oonduo-
tion into the bomb.

4.3.3 On the pylon, very little temperature change was noticed during the
period of the test, since the bomb was almost completely in the shade from the
aircraft wing throughout the whole period and was also exposed to the wind (up
to 7 knots from a south-easterly direction). Table 4 shows the temperatures
reached and the met. conditions for the day.

This trial shows how effective some shielding from direct sunlight can be
in keeping down bomb temperatures; trials carried out on other stores at the
same period showed that a simple awning of dark cloth on a light frame made a
considerable reduction in store temperature as against the case of no shielding.

It is probable that on the Buccaneer less shading would have occurred on
the outboard pylons, but as these are not yet available, it could not be tried.

Only one trial could be carried out on the pylon since this was the only
occasion on which the aircraft stood out in the sun for a long period.

5 FLIGHT TRIALS

5.1 Bomb in bomb bay

Since the available flying time of the aeroplane was so short, only one
flight could be carried out with the instrumented bomb and three uninstrumented
ones in the bomb bay, vwith the instrumented one in the forwvard port position
v;htn the bomb doors wore closed.

The 906 V.T. fuze was fitted to the bomb and in addition "Temp-plate"
temperature indicators were attached to the ejector release units as close to
the cartridges as possible.

The flight was made with bomb doors closed under the following conditions(Trial No.5) :-

Speed 550 kts (M = 0.8).
Height 500 ft.
Duration 40 minutes.
Air temperature 300C.

Table 5 gives the temperatures recorded in bomb and fuze. Fig.11 is a
plot of the temperatures.

5.2 Bomb on pylon

Again, only one flight was possible (Trial No.6) with the instrumented
bomb on the port inner pylon and an uninstrumented one on the corresponding
starboard pylon.

-8-
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Before arriving at Idris the pylons had not been fitted to this aircraft,
even for trial, and consequently no power supply to run the recorder was avail-
able in the pylon. One was eventually improvised, suffioient for this one
flight.

With the pylons supplied with this aircraft there were no fairings to fill
the gaps between bomb and sole plate at bomb nose and tail, and in consequence
there was a free path for air to be forced int? the pylon and over the S.R.U.
with a possibility of seriously overheating it'.

Consequently an initial flight was carried out at a speed of 450 kts (with
the instrumented bomb replaced by an uninstrumented one) with the E.R.Us fitted
with "Temp-plate" indicators as for the internal carriage. After the flight, the
E.R.U. temperatures had not exceeded 650C and it was decided to be safe to carry
the instrumented bomb at 550 kts (aircraft maximum for those temperature
conditions).

Table 6 gives the temperatures measured; Fig.A 2 gives the temperature data
in graphical form.

5.3 Results obtained

5.3.1 In the bomb bay, most of the heat is derived from internal sources
(hot air exhausted into the bomb bay) rather than from kinetic heating of the
aircraft skin. This intexnal heating takes place whenever the engines are run on
the 0ground or in the air, and pre-flight running of them accounts for the high
(32oC) initial bomb temperature (Fig.ii).

Only at the end of the flight was the temperature beginning to level off
on the bomb skin, whilst it was still rising inside. In an empty bomb bay, air
temperatures of about 800 C have been recorded. The large thermal inertia of
4 x 1000 lb bombs is such that they are here settling down to a steady tempera-
ture well below §O°C. This accords with the results of trials undertaken on a
mock-up bomb bay to investigate the kinetic heating of bombs placed in it.
Those bombs took longer to heat, since the heating was purely by convection from
the heated bomb bay skin, there being no flow of hot air as in this case, but in
no case, even after prolonged heating, did they attain a temperature anything
like the air temperature reached in an empty bomb bay under identical heating
conditions.

For the flight conditions used, the aircraft skin temperature would have
risen to about 63 0 C, slightly lower than recovery temperature (66 0 c), so there
would have been some tendency for heat from the hot air flow to flow outwards
from the bomb bay as well as into the bombs.

The V.T. fuse, being a light structure, heats up more than does the bomb
and its final temperature (65 0 C mean) is probably a reasonable assessment of
effective bomb bay temperature. In this flight its temperature was such that its
sensitivity would be almost halved; when higher speeds become possible with this
aircraft it will over-heat even more unless the bomb bay hot air flow can be
reduced.

9 -
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The I.R.U. cartridges did not overheat in the bomb bay. Their maximum
temperatures being less than 65 0 C.

5.3.2 On the pylon, the bomb skin quily rises to within a few degrees
of recovery temperature, as would be expected , but there is no serious over-
heating of the bomb filling during the flight period. The limitation is that
the filling temperature must not exceed 80C at a depth of 3 ems. Under the
conditions of this flight (speed M = 0.81, ambient temperature 300C) Ref.l shows
that flight should be possible at M = 1.65 for 40 minutes before overheating of
the filling occurred.

The same paper also shows that the corresponding flight limitation on the
V.T. fuse (before its temperature reached 70 0 c) would be M = 0.9. This agrees
well with the 65 0C found in this flight at M = 0.81.

After the flight the E.R.U. cartridges were found to have reached a
temperature of 750 C which exceeds the temperature (70oc) to which they are
tested.

Until fairings are provided on the pylon, it sealis likely that E.R.D. and
V.T. fuse temperatures will provide flight limitations rather than bomb
temperatures.

After the flight, the two upper tail attachment scrows (No.114 tail) were
loose by about one turn, although they were tightened as hard as possible before
flight.

6 COMIARISON "1ITH THEORETICAL FIGURES

A previous paper 4 showed that for a homogeneous body such as a conventional
bomb, a good approximation to the temperatures occuring at any point within the
filling after a given time from start of heating, could be obtained by treating
the bomb as a cylinder of explosive and using standard conduction theory for such
a body, with a known skin temperature.

Table 6 and Fig.12 show the temperatures calculated on this basis for a
point 3 oems into the bomb filling, using the measured values of bomb skin
temperature. These calculated values agree with the measured ones at the same
depth to within 2-3 0 C, the calculated ones being slightly higher than the
measured ones.

This is to be expected, since the theory neglects, for simplification, the
bitumen layer between bomb case and filling, but the agreement is close enough to
permit use of theoretical values in future, at least initially, with, possibly,
confirmatory flight tests later on.

The values of flight limitations given in Ref.i should now be considered as
accurate for external carriage of 1000 lb bombs and 906 V.T. fuses. For con-
venience, these flight limitations are reproduced here as Tables 7 and 8.

-10-
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7 CONCLUSION8

(1) The use of theoretical temperatures for a regularly-shaped and homo-
geneous store, as advocated in R.A.Z. Tech. Note No. Arm 702, is justified, and
Sives results slightly higher than would be obtained in practice.

(2) Bombs stored out in the sun under tropical or semi-tropical conditions
will have a maximum mean filling temperature of about 35 0 C. At no point are they
likely to become hot enough to melt the filling.

A simple awning on a light frame would reduce the heating considerably.

(3) shen the Buccaneer is standing on the ground, bombs on the inboard
pylons do not suffer much temperature increase, due to shielding from the sun by
the aircraft wing.

(4) No.906 V.T. fuses ovorheat when carried in the Buccaneer bomb bay due
to the high temperatures there, arising from the injection of hot air from else-
where in the aircraft.

(5) The tables of flight limitations for externally-carried 1000 lb bombs
and No.906 V.T. fuses given in Tech. Note No. Arm 704. are reasonably accurate.

(6) Pairings are required between bomb and pylon sole plate to prevent
hot air entering the pylon and overheating the ejector release units.
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APPEN~DIX I

MET. CONDITIONS FOR THE TRIAL
PERIOD AT R.A.F. IDRIS

During the period of the trials solar radiation intensity was measured on
a good many days at a site adjacent to the trial.

Forevery day of the trials (21 st August to 20th September) the following
data was obtained from the Idris Het. Office for hourly periods throughout the
whole day:-

Shade temperature (°C).
Wind speed and direction.
Humidity.
Sea-level pressure.
Low cloud cover.

Table 1 of this Appendix gives this data for the days on which Trials I-6
were carried out.

Figs.1 and 2 of this Appendix shows the daily maximum and minimum tempera-
tures throughout the whole period together with the number of hours per day on
which the temperature:

(a) exceeded 300C

(b) exceeded 350C.

ATTACHED:

Drg. Nos. -NE.R.31 92-31 93
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TABLE 1
Met. oonditions for the daya of Tr_ l

QmAnt ty pmrnd ObDate Time (oal .
01.00 102.00 103.00 060 05.00 ,06.00 07.00 08.00 09.00 10.00 .11.o 12.00

Mdutmspusturo () 2PnW 19.8: 19.1 17.6 17.6! 17.01 16.6' 17. 8 i 21.4- .,4; 3D.0, 31A 33*
Wind speed (knot) Au.ICAIN Calm1 Cal CalmCalm ainm ca Cai Calm 02 06 06
Wind dinotlon (dreas) 1962 Calm Calm CalolC bCalm I CalmCaU Calm Calm 23M M5 310

ntditj ( ) 85 85 84 8 81 77 61 .53 60 37 30 26
UamS-leal prown (Ie) 1014.1 1013.9' 1013.7: 10117 1013.7; 1013.3 1013,51 1013.5' 1013.9 1016.2 1014.5 1011 .
LOW Qaud eo ~ Ni -I I Nil N i1 l 1 111 Lill ? ;111 Al! Nil Nil Ni1-

sour Intemity (multt/ma) 5o6 I " - 6 5. 3,3 36.9, 71.5 81,(

mde topmrst. (oC , 24th 21.,20.2 19. 190 18.8; 192! 19.2 ! 21.2, 24.B 26.6 28.5 29.f
Wind Speed (knots) AUC. 02 0 03 10 02:01 05 07 03 08 03
Wind direction (deiis)I 1962 o6o 27 2 0 32 2 1 3 23D 260 f280 290 31027 2lo 24 220:2 0 ' . 1o3Do!

Nmidity (O) ° 86!8" 8B 912 5 2 88 75 71 64 54
8 mrwnlmV (MBS) '10108, 10184 10181 1018.01 1018.211013.5 1019.0 1019.6i 1019.3; 1019.7 019.9: 1019.1
Low oloud overli 1-

at1/8M 1 1/8 N 1'il 2/8 2/8 2/813Y8 1/8 -2/8 7/8 6/8
Sour intansity' (m10i22 tu/1m2 ) - : . 36.40.5/35.83.U/3 '7/3.

8hmi. topvaurs (tb) 25th 23.81 22.8 22.41 22.0; 21.0 208 2. 23. ! 25.8 27.0: 30.0 31.1
Wind speed (knots) AW. 05: 06 12 . 13 12 08
Wind direction Namre)91962 0 6 7 09D 060 090 110 110. 110 120 ,110 10
IHuidity M5 83 18 88 9 91 93 94.:85 173- 62 50 i43
s,-leva D ("r) 1019.7 11019.3 1019.1. 1018.9? 1019.01019.011019V 5 1019.8: 1019.9: 1020.3 020.0. 1019.

Low.. Ax., U
. j Nil Nil Nil Nil Nil 18 1/ 1/8 118 1/8 213swintunsity 1-ill{ I - - - -

Md oasm(OC) 27th~ 23A 23 22.9 20: 1,- 1. Me 232 2%1 70;29.2. 31.,
Winddirection (e a) 0) 1 6L04 109 I01 100 1100!.0 6o 090 080 010 010
Humiditym 9 1,75. OD 81 83 82 84 36 73 65 I55.41
sea-level pwiiw, (m) I 10170911017.4! 1017.0; 101,.7; 1016.3 1016.5; 1016.9 1017.4 1018.1' 1018.6 1"1.6 1018.1
Low clouil o'r,, t IC2 "i11 Nil I Nil Nil Nil ti ill till Nil, Nil Al11l Nil
Solar intensity (millimua 2  6.5! 39 64 73.2: 80o!1~W --- -,-
Mide temperature (°C) I 28th 22.41 22o 21.2 21.2 19.6 19ol 19.7: 21.41 2500 27o4. 29.2 30.1
Wind speed (dke ) 1962 1 00 2 0 002 03 05 06' 06 07

Wind i 1 i 130 O W4 03 00 0 o 070 0 03D
N'iidit7 83) ~ . 79 82 82 8 85 1848001 64 51 9 32ea-lovul pre ro VMS) 10.8 1017.4 1017.11 1017.0 1016.7 1016.9 1017.4' 1018.0 1018.0 1018.72 1018oP 10.E
Los. oloud o,cr Nil fil Nil Nil 3411 Nil I I Nil . till 1/8

18ml..epe rauren~ (0) 15th 119.6118.91 18.2 17.4 16.1 16.4j 17.0o 19.0; 23. 209 ! 25. 27.
Wind speed (knots) sapt.1 Calm 1 0,2k 01 .%ClmICl Calls 02 06 1 5105 07
Wind direction (degre..) 119621 Calm Ila 1W:Cam Calm'CMAm Cafil 160I180'13D 112D 060

3'ii 85 87 9C 9 92 j 9 1 83 1681 4 i54 5
SSlwlp~MS (II) 11.6 088101".5 i 1018.1 1013.1 101'..3 103. 10100 101 1019.1! 1019.3 1018.1

LOW .,slad sever . i Nil til Nil Nil Nil i 1/8 NIl Nil 1/8 5/8
801mr, In IW (aillivttant) -- . - - 55 68.8 OW.

MMs I ap1d tGOPUtrN VINusd at 1tt above grivnd level.

Winds meased at 33 ft above p rd level.

R- -CTED



RESTRICTD
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Appendix i

TABLE I
Me. oonition for thie dwe~ of Tri oji-6

ime ( al time - G.N.T. + 2 WS)
906' ,f 05.00 06.00 07.0O 03.00 09.00 10.00 '11.0 12.00 13.00 ,l4,00 15.00 16.00 . 17.00 113.00 19.00 20.00 21.00 1 22.00 j 23.00 2100

17.6! 17.0i 16.6 17.i 21.4 22,4, 3D.0 31.4 33.2' 34.61 35.0; 3.9 i 3& 35 33.4. 3.61 28.6 27.0. 26.3! 0,. 2Wca m i calm calca.m can calm 02 06 06 0 50o807 07 10 1 1 3I 10 10' 06 02 am
cm calm j cal i C alm Calm c 3 0 39D 3 3.D 010 1 360 O2 020 0 :0140 05D 010 030 090 Calm

l 81 77 1 61 ; 53 60 , 37 30 26 25 28 26 25 28 3 4 56 70 71 76 781013.71 1013.7; 1013.3! 1013.51 1013.5' 1013.9 10162 1014.5 I101%7 1014.4' 10%1 1013.8 1013.4 1013.2 1013.1 1013.5 101.1 :1014.7 1015.4 101. 1016.1
NIL 111 1111 'Nill 2l11 Al Nil Nil Nil NlI 1111 Nil I Ni l Di i Nil Nil Nil. Nil Nil ! kil Niii
- - - - 5.6 36.3 36.9 71.5 81.6 84.6 84 79 I 65.5 49 1 34.6, 8 - I - i - -

19.0! 18.8, 19.2 19.2!; 21.2, 24.8 26.6 28.5 29.8 29.o 32.3, 32.2 3.0 3.2 3 .o 28.6 244 26.4 25.8 2.%1 21.203 02 02 01' 05 07 03 08 03 05 09 10 1 12 1 13 14 08 09 07 05
2W- 220210 Z3 2.30 260 28D 290 310 10 3 6 060 03o 0o0 00i 070 060

91 889 9 O 75 71 64 54 57 46 41 44 41 541461 67 75 76 79 8
1018. 1018.2 1013. 1019.o 1015o.6 1019.3 1019.7 10199 119,4; 013.9 1018.6'! 1018.0 1017.7! 1017.3 I1017.7 Wo18.0 1018.o 118.9 1019 5 119 1019.7

111 218 2/8 2/8 1 38 118 2/8 758 6/8 .5/ 318 : 4/8 .38 2/8 INil 281 2/8 118 Nil Nil Nil
" - - 10 36.4160.5/35183.0/32 S'7/33.6 93.5/36: 94 78 66 44.5 33.51 6.61 - - - - -

2D8 2.; 3;d 5. 7.1 3. 3. .21 31.81 31.2 29.8 28.3; 27.1 26.2 .7 252 47
2 1.0 ! 20. . 2' 25.8 22.0 3 31.2 3.4; 25.71 ,.2 2674 ; 03 06 ! 12 13 12 08 08 o 0 i1 13 15 16 1 O11 io 8o8 o

0D 06D j 09D 110 i 110 i 140 120 110 140 060 09 060 070 o0o 0o 60 060 06D 070 09o . o
9 2  9l 93 94 85 173 62 50 3 :38 3'39 0 12 '5 : 7 7 737D 7101960 V19, 19 107.9 1 2 109 , 1019.1 o8 0 t 1 5 - 63 71 73 74 7/
o318.91. 2 11 1' 418. 3 17.@ 117.7; 'Im,. s .IL 1018.8 1019.2 410.
Nil !il 16 1/8 18:1/8 1/8 '/ 2/. ' : & 8 '3a 2/8 , 1/8 i i 1/ 118 , N il Nil

•. ;* l ; !i Ii ' I

264 21.6, 21.0 20.8 6 2.2 25.11 27.01 292, 31o. 3*2! 32.8 33.2' V-6! 3.8' 30.0' 29. 27.2 26.2! 25.. 8 .9 2.41
26 06 ! 06 1 05 06 05 . 07 06 .06 0'5 0 10 10 U 12 12 ; 08 05 014

100 100 110 ! 060 09 08o 01o 010 5 07 0 010 2 121 12 0 07 070 0 o oo
83 82 84 06 73 65 55 4 5 3 t 5 3 2 4 6 106 0 01 71016,7; 101G.3 1016.5; 1016.9 1017.4 1018.1' 1018.6 1 13.6 1018.1:; 1017.8 :1017.6. 1016.8: 1016.6 i1016.3 1016.3 11,016*. 1016.61 117.0 117.14 1017.8 1017.7

N il11 N l tNIlirl Nil Nil 1;11 ,Nil 1/8 , 2/8 1 3/8 3/8 W/8 l118 118 Dil Nil Nill Nil Nil
- . , 39 64 73.2. O.,5 83.9' 84.61 83.9, 65.4, 47.1 21 - -. . . .-.

21.2 19.1 19.7' 21. 25.0' 27' 29.2 0..2 3.0 ! 26.9; 2 7.242 .6 21411. 'm 19.1 . 3.2 8.9 3p. 25.6 2 2.6 21,0
02 02. 03 05 08 06 07 06 11 12 :07 10 o 10 07 1 0 002

03D0 I40 0oD j03D i070 MOS 060 050 03D 2e0 03! 030 33D 020 010 010,030 1'06D OD1 @ 0 9 065
1170o: 1016,7 1016.91 1ot7! 1018.01 1018.0- 10187 8 O18.6, 1 1 i 7e 018.2 10".2o?17.5. 10170 1017,0 1017.0; 1017.1! 1017.31 1018.2 118. 101. 1019.4Nil fil ilml Nil I FU1 lN1il ,Nil 1/8 18 i 118 118 il/8 18 h Nil il Nil Dil Nill! I i 1l
-* , - i - - 7.71 "..6. 5.5' 58 79 8.6' 83.9 7.31, I 10.91 b

1k 6 - - -3.61 1646 1.91 362

17.4! 16.6 16.4j 17.0, 19.0 23.2 25.5 27.6 27.6 . ,2 29.3 29@2. 29.1 27.6 266. M2 21 24.1; 23.2 38 21.4
calm calm calm calm 02 06 05' 05 07j 11 07 12 12' 12' 12 12 10 06 05 05 0M

own calm c calm 1 18D I3O D 1 l 0D 060 ;010 010 050, 070 060 o 60 ooo 070 090 l0109D1 9012. 10j 902.6 109.7 83 6.t 5 3 4 t e 5 1 S 61 68 ' 70 74 7a 0
018.11013.1 101c.3 101. 4 101b.01 10191 1019.1; 10193 1018.' 1017.9 1 0 1015.8: 1015.8: 1015.7 101 0 1016*6 1016.6 1016.9
Nil Nil Nil H12 :1/8; 1/ 1 Dll 118 5/8 5/3 51Y8 5 8 5/ 38 113 Dill Nil Nil Nil Nil Nil

- . " - - !- 55 6e8.8 84.0; 89.l 31.8 - 58.6 go 55 . . . . . .

und at Ut abos gound level.

abo, gound lewoL

RESTRCTED
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Q tttW hSUrld De Time (loal time a O.Z.T.

I 01.00 10.00 03.00 o .oo 0 o.oo 06.00 107.00 08.0 I o.oo 10.00 11.00 112.0

906tompsture OC) 19th 22.e 23.2 218 2. 10 21.2 20.8 21.8I 26.1 P8.4 31.e V. .4
Wind sped (kmots) Sept, 05 06 05 06 0 5 05 02 02 o6 04 01  07
Wind dirton (deareu) 1962 060 010 060 03D 05 040 070 090 120 19D 2W 060Jmt (5t 76 '6-5 1 77 O8708 e 0 4

Iffl epwin (M8) 101100. : 10110,0 11010,8 1010.8 10109 10110 1012.1

-~ slo cove Nil NiliI JN Nil Nil 111 Nil 12
sousr intensity (2aillbat/M2) - -- - - - ,--i-.-T -

..... a 6 U.0 21,2 21.0 2.0 19.81&81 23.8 25.5 28.8 "'29.8
WindSpeed (knotaep 03 03 03 02 ColM oA ° & c
Wind directio (dW, ) 196 050 070 1 090 CaJ C10  i C21w08 3.5 7 9 95 9D 0 2 9 ,Od ,o 6

Huidity 0 ' 0505 10
3as-tl. low (MB) 10139 101.9 10138. 113 . 9 37 1013. 7 l013,7 : 10149 5101W 64
, cloud omo, 1 i l Nil Nil 3/8 6 6/ 8 6/8/
SOW itn sity (Millbattala2)  7/8I "2,8

Zl~Z: Mdo tmtu ust at 4 ft a bovea p-und levl.
1'nd aomwred at 33 ft above aroud levl

-15 -
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Toohniosi Note No. WE 13
Appendix i

TimO (1011 time O..T. * 2 )
014.00 05,00 06,00 107.00 0800 109.00j 10.00 11-00 12,00 13000 114%00 15.00 116.00 17.00 18.00 19.00 10.00 21.00 122.00 23.00 214.00-07. I._ - - - -

20.6! 21.0 21.21 20.81 21.81 26.1 ;18.14 31.e 3214 35.0 35o1 316.6 3392 322 30.4 28.0 i26.4 25.8 25.4 25.0 214.14
06i~ 05 05 fO 02O0 04 02 07 05 1 14 15 13~ 15 16 17 10 10 08 5

03 5 00 00 09 2 1D 20 060 030 030 010 040 040 00 040 050 060 0" 7006
ODI00~1 88 8~!0 19 36 32 22 85 36 815 7 75 6oa

1010.8 1010.91 1011,0 1011.3 1011.911012.1 10 11012, 0 1 .5 1011.2 1010.5 1010.1 1010.1 1010.2 1010.7 10112 1012.110137
Ni ilX i Ni l Nl,.1 1111 Nil Nil . Nil Wit Nil Nil Nil Nil N 1 Nil Nil Nil Nil 1111

I21,2 21.01 2D.0 19.81 20.81 23.81 25.5: 28.8 29.8 3D. 6 30.6 31.2 3.01 31.2 34.1 28.7 27.0 2.80 21.7 23.2 23.1
02 OS IM 1 CM Wo M a o 03 o05 05 05 05 05 07 07 07 06 06 06 3 02 cum
09D 50 100 210 030 33D 310 360 060 00 060 050 03 0 0 0 060 Cab

06 95 97 9 95 90 1 2 691 63 ,9 62 58 48 S0 551 67 76 81 87 11 91
1101.7 1013.7 101.7 11013.7 10116.2 1014.9110167 j 101.8 101%,6 1011.2 10114.1 101%6 1013,5 1013.3 1013.5 1013.9 1 3 10114.6 1015.5 1015.9 1016.1

Will 0/8 1 8 i 6t 6/8 6/8 6/8 6/8 7/8 I 18 1/8 1/8 'Nil Nil Nil Nil i Nil N Nil

t 4 it abo u p d bIml.
WoUnd lel

S15
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Technical Note No. WE 13

APPENDIX 2

THE FLIGHT RECORDER

by

R. S. Howell

I FLIGHT RECORDER

The flight recorder shown schematically in Fig.1 consists of a Dekko 16 mm
camera, modified to single shot, which is controlled and operated by an electronic
timing circuit. The camera photographs, through two 450 mirrors, the two instru-
ments mounted above it, namely a temperature indicator and a clock, which are
illuminated for the exposure.

2 TIMING AND SELECTOR UNIT

The circuit consists basically of a C.R. time constant and an emitter
follower which operates, through a zener diode, two relays, a uniselector and the
camera motor. (See Fig.2.)

The circuit supply voltage is stabilised at 16.8 volts by the three zener
diodes D.1, D.2 and D.3. This voltage charges C.1 through R.2. The voltage on
C.i is impressed through the emitter follower TR.i, onto the zener diode D.4.
At approximately 5.6 volts the diode breaks down and TR.2 conducts allowing
relay A to energise. Relay A has four sets of contacts, three of which are used.
A.1 provides a hold-on path for the relay, A.4 switches on the instrument light-
ing and A.3 switches positive volts onto the camera motor. The camera runs until
S V.1 is made. This is a commutator switch operated by the camera motor. SN.1
completes an energising path for relay B. Relay B has four sets of contacts, all
of which are used. B.3 short circuits C.1 reducing the volts across it to zero,
B.2 provides a hold on path for the relay through S4.2, B.4 open circuits the
coil of relay A causing the camera to stop, and B.1 switches volts onto the coil
of the uniseleotor allowing it to operate once. In operating, the uniseleotor
open circuits the energising coil of relay B through switch $1.2. Relay B de-
energising allows the whole cycle of events to be repeated at a period governed
by the time constant C.1 R.2.

Fig.3 shows the complete recorder mounted on anti-vibration mountings in a
No.114 bomb tail. By unscrewing tvo knurled nuts, the whole unit can be with-
drawn from the tail, and is shown in Fig.4.

3 TESTING

The unit has been tested to operate and give satisfactory photographs under
vibration and also at an ambient temperature of 700C for I hour. In flight, the
space between bomb tail and recorder was packed with glass-wool to provide some
heat insulation, but in fact, under the conditions available for the flights,
this was not really necessary.

ATTACHED:
Drg. Nos. Y E.R.3194.-3195
Neg. Nos. 160,661

- 16 -
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Bozb t~emerat.weur for ouM trial No.1 1000 lb Mk.o bomb. no

Times (M..T. +2h .. .
06.00 07.00 08,00 09.00 10.00 11.00 12.00 13.00 14.00 154
Daylight 06.30

Gauge No.1 -60 
4380 - -12 200C 20.20C 26.60C 3i.c 39.1°C 42C 43.6°0 43.8 0 C 14

3 20 20 21.7 27.2 31,2 35 37.7 39.2 1
4 20 20.6 24.2 30.4 36.5 41.8 47.2 51 5,
5 20 20 22.6 27.9 33.2 37.8 42.6 46.6 41
6 20 20 21.2 2+.4.4 29 33 37.8 41.4 .1
7 20 20 22.4 27.8 31.4.+ 35.2 37.5 3994 1
8 20 20 21.4 26 29.6 32.8 35.8 38 41
9 2D 20 20 22. 23,.6 28.6 31 33.8 3

1o 20 21.5 34.4 43.1 46.2 48 47.8 46.6 4
11 20 20.8 28.5 35.8 39e6 41.8 42.4 4.2.8 4-
12 20 20.2 22.2 28.1 31.8 35 36.4 37.4 3'
13 20 21.6 25.6 31 .4 36.6 42 47.6 52.6
1 20 20 23.2 27.2 31.2 36.4. 40 4.5 )
15 20 20 20.6 23.7 27.2 30.6 35.2 39.2 4l
16 20 20 23.2 27.6 30.4 32.6 3 4 36.+ 3
17 20 20 21.8 26 28.6 3o.8 32.8 35 3
18 20 20 20 21.9 24.3 26.5 28.3 30.3 3
22 - - - - - - I -23 20 20.2 29.2 35.4 37.4 39.8 40.6 42.4 4.

Bomb skin:- Nose., gauges 1#4,7 Rear, gauges 10,13,06
Surtaoe of filling:- Nose, gauges 2,5,8 Rear, gauges 11,14,17
3 osa into filling:- Nose, gaugos 3,6,9 Rear, gauges 12,15,18
V.T. fuse:- Power unit, gauge 22 Amplifier, gauge 23

Met, j onditions August 22nd 1962.

(Sol watts/o ) - 5.6 36.3 36.9 71.5 81.6 84.6 8. 7
Shade t opture 22.+ 21.+ 22.+ 30.0 31.4 33.2 34.6 35.0 3
(00)

Cloud ooverage Nil aloud all day

-17-
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Teohnioal Note No* U 13

tamperatures for .grouad tiAl_.No.1 1000 lb Mk10 bomb.nose pointkS to south

=nM --- -e(. .. )

5me IT.8 T, 4.

109.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Darkness

'C 26.60c 340c 91C 42 43,60C 43.80C 41C .. C 44C 42.4,0 C 38.60C 35.600

21.7 27.2 31.2 35 37.7 39.2 40.2 40.6 41 41 39.2 37.2
24.2 30.4 36.5 41.8 47.2 51 54 .2 56 53 44.8 38.6 3522.6 27.9 33.2 37.8 42.6 46.6 49.8 51.2 51.4 45.6 40.1 36.6
21.2 24.4 29 33 37.8 41.4 44.6 47.2 48.2 46.7 42.2 39.2
22.4 27.8 31.4 35.2 37.5 39.4 40.6 42.2 42.2 40.2 36 33.9
21.4+ 26 29.6 32.8 35.8 38 40.2 41.8 42.4 41.4 38.5 3620 22,4 23.6 28.6 31 33.8 36.1 38.1 39.6 40 38.6 36.6
344 43.1 46.2 48 47.8 46.6 45.4 44.4. 424 40.4 36.1 32.628.5 35.8 39.6 4.8 42.4 42.8 0.8 41.8 04 394 36.4 33
22.2 28.1 31.8 35 36.4+ 37. 37.8 38.2 38.4 37.9 36.4 3+.425.6 31.4 36.6 42 47.6 52.6 56.4 58.4 57.8 44.1 37.6 33.6
23,2 27.2 31.2 36.4 40 45 48.4 50.8 51.4 44 38.8 35
20.6 23.7 27.2 30.6 35.2 39.2 41.8 45 46.8 44.7 40.4 37.223.2 27.6 30.4 32.6 34.4 36.4 37.8 39.6 40.4 38 35.4 33
21.8 26 28.6 30.8 32.8 35 36.8 38.4 39.5 37.8 35.2 32.8
20 21.9 24.3 26.5 28.3 30.3 31.3 33.5 35.3 355.4 34.4 32o9
2-2 ---- 

--- - -

292 35.4 37.4 39.8 40.6 42.4 4. 26 1408 35 31 :28

n:- Nose, gauges 1#4,7 Rear, gauges 10,13,16 upper, pbrtside) Gauges I and 22 inoperative.
ot filling:- Nose, gauges 2,5,8 Rear,, gauges 11,14:,17 (upper, starboard side)
1o filing:- Nose, gaugos 3#6#9 Rear, gauges 12,15,18 (bottom)
:- Power unit, gauge 22 Amplifier, gauge 2i

ust 22nd 1962.

36.3 36.9 71.5 81.6 84.6 81+ 79 165.5 49 3.6 8 -

22.4 30.0 31.4 33.21 34.6 35.0 35.9 35.8 35.0 33.4 30.6 28.6

Nil oloud allday

- 17 -
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TAME 2

Bomb temperatures for ground trial No.2. 1000 lb &.10 boa

Times (G.M.T + 2 hrs)
06.00 107.00 08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1800 1

oo___ 0 0 0 0 00

Gaug 18 18.5 19.4 26 29.5 -
2'18 18.5 19.3 23.5 !27.5 29.5 32.8 j36.3 37 36.5 35.5 33 3

18 18 18 20 22.5 25.5 27.8 31 32.6 33.5 33.5 32.6 I3
4 18 18.6 19.5 29.5 133 38.5 42.4 44 44.5 41.8 37.8 33 3
5 18 19 19 26.5 j29 35 38 41 42 40.8 39 35 3
6 18 18 18.5 22 25.5 30 33 36.2 38 385 37.6 34.6 3
7 18 18.3 19 22.5 25.5 28.5 31 33.5 34.5 34.3 33.3 31.3 3
8 18 18 18.4 21 24 27.5 29.6 32 33.5 33.8 33 33 3
9 18 18 18 118.5 21.5 24.5 26.3 28.3 30.1 31.3 31.3 32.3 3'

10 18 19.2 120.4 26 29.5 33.5 35.6 38 38.8 38.5 36.6 33 3
11 18 19 I19.5 23 26.5 29.5 32 34.6 36 360'435 32.8 31
12 18 18 18 19.5 22 25 26.6 28.8 30.4 31.6 32 31 3
13 18 19.5 '21.3 30.5 34.7 40.5 44.5 45.5 47.5 45.1 I40.1 33.9 31
14 18 18.2 19.4 25.5 28 34 37 40 42 40.8 138 34 t3
15 18 18 18.2 22 24.6 28.5 31 35.2 37.5 37.8 37 34 3:

186 18 18o4 21 23.5 26 28 30.4 31.8 '32 31 29.8 21
17 8 18 18 20 22.6 25 27.2 29 30.5 31 30.6 129 !21
t I 18 18 18 18 19 21 23 25 26.4 i27 27.. 27.5 :2

Bomb skin Nose, g,,ugea 1, 4, 7 Rear, gauges 10, 13, 1
Surfaoe of filling: Nose, gauges 2, 5, 8 gear, gauges 11, 14, 1
3 ow into filling: Nose, gauges 3, 6p 9 Rear, gauges 12, 15, 1

Net* oondi.tions - 24-25th Agust, 1962

Solar radiation - 10 36.4 35 32
(miliat. om) 32n .3.6 36.o' 94i 78 44.5 33.5I 60.; ,33.8 97 5.

(d , rat' 19.2 21.2 24.8 26.6 28.5 29.8 i29.0 32.3 32.2 32.0 31.2 30.0 26

Clou oov.rap 2/8 3/8 1/_2/8 7/8 I6/8 5/8 3/8 .4/8 38 2/8 Nil 12

- 18-

ESTRICTED



PZSTRICTID

Teohnioal Note No. W 13

TAL 2
•b temperatures for xround trial No.2. 1000 lb k.10 bomb, nose pointing to east

Times (G.M.T + 2 hrs)11.00 12.00 14.00 15.00 17.00 18.00 19.00 20.00 21.00 22.00, 23.00 24.00 01.00 02.00 0300! 04.00

Dark-

C C 00 oc 0 0C 0 0 0cC nC °C C °C °C C
29.5 - - - - - - 26 24.6 24 23 22.4 21.4 20.4 19.8
27.5 29.5 32.8 36.3 37 36.5 35.5 33 31 28.5 26.9 259 2.7 24.1 23.5 22.5 21.5 20.5
22.5 25.5 27.8 31 32.6 33.5 33.5 32.6 31.5 29 28 26.6 25.8 24.8 23.5 22.8 22 121
33 38.5 42.4 44 44.5 41.8 37.8 33 30.3 28 26 25 24 23 22.4 21.4 20.6 20
29 35 38 41 42 40.8 39 35 31.5 28.5 26.9 25.5 24.9 23.9 22.9 21.9 21 .5 20.5
25.5 30 33 36.2 38 3A5 37.6 3+.6 33.2 30.2 28.5 27.3 26 25 24 23 22.2 21.825.5 28.5 31 33.5 34.5 34.3 33.3 31.3 30:5 28.9 26.5 25.5 25 24 23.5 22.7 21.9 21.5
24 27.5 29.6 32 33.5 33.8 33 33 31 29 27.2 25.8 25 23 23 22 21.4 20.8
21.5 24.5 26.3 28.3 30.1 31.3 31.3 32.3 30.5 29.5 27.5 26.3 25.3 24.5 23.5 22.5 2195 20.9
29.5 33.5 35.6 38 38.8 38.5 36.6 33 30 27 25.4 24.4 23.6 23 22 21.2 20 19.7
26.5 29.5 32 34.6 36 36.4 35 32.8 30.5 28 26.3 25.6 24.5 23.8 23 22.4 21.6 20.4
22 25 26.6 28.8 30.4 31.6 32 31 30 28 26.8 26 24.8 24 23.4 22.4 21.8 21
34.7 40.5 44.5 45.5 47.5 45.1 40.1 33.9 30.5 27.5 26 25 j24 23.5 22.5 i21.5 20.7 20.128 34 37 40 42 40.8 38 34 31.8 28.2 27 26 25 24 23 22.4 21.8 20.6

24.6 28.5 31 35.2 37.5 37.8 37 34 32.8 30 28 27 25.5 24.4 23.5 22.8 22 21.2
23.5 26 28 30.4 31 .8 32 31 29.8 28 26.5 25.5 24.5 23.8 23 22.5 21.8 21.4 20.4
Z2.6 25 27.2 29 30.5 31 30.6 29 28.5 27 25 24 123 22.3 22.8 22 21.5 20.819 21 23 25 26.4 27 27.4 Z7.5 27.51 26.6 26 2+ 2.4+ 23.5 23 22.4 21.5 21

Nose, gc.uges 1, 4, 7 Rear, gauges 10, 13, 16 No V.T. fuze fittedr filling: Nose, gauges 2, 5, 8 gear, gauges li, 14, 17
D filling: Nose, gauges 3, 6, 9 Rear, gauges 12, 15, 18 Gauge 1 partly inoperative

si. m.Ii.I.5 36 ~ :4 78 44.5 33-5 '- 6.6 - - I- - - -

33.8 97 ")3.5

28o5 29.8 29.0 32.3  32.2 32.0 31.2 30,0 28.6 27.4 26.4 25.8 25.1 24.2 23-8 2Z.8 22.4 22.0

7/8 6/8 5/8 3/8 4/8 3/8 /8 Nn 2/3 2/8 1/8 Nil Nil Nil Nil Nil Nil Nil
,________
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RESTRICI D

TABLE 3

Bomb temperatures for ground trial No-3. 1000 lb Mk.l0

Times (G.M.T. + 2 hrs)
06.00 07.00 08.00 09.00w 10.001 11.00 12.00 13.00 14.00 15.001 16.00 17.00 18.00

Daylight I
06-30 0 0 0 0 0c 0c 0cI°C C C C C C C 0  C

Gauge No.1 21 21.2 22 29.4 33.8 38.2 41.4 4+3.2 44.2 43 41.8 40.2
2 21 21.2 21.6 28.6 30.4 34.2 37.8 39.8 4_1.2 01.2 40.6 39.8
3 21 21 21 23 259 29.8 32 35 37 38 38 38.2
4 21 21.2 22.5 31.8 40.8 46 49.6 50 50.2 47.2 43.4 41
5 21 21.8 22.2 30.5 36 4.0.8 45 46 47.4 46 44.8 42
6 21 21 21 25.8 29.8 35 39.4 b1.8 42.3 43 .6
7 21 21 21.8 26.2 29.6 33.6 36.6 37.6 39 39 38.6 38.2
8 21 21 21.2 23 26.4 29.8 33.8 35.8 38 38.4 38 38.2
9 21 21 21.8 21.6 24.2 26.8 30 33 35.4 36.4 37 37.4

10 21 21.4 23.2 29.4 33 37.2 40.4 4+2.6 44.4 43.2 43 41.6
1l 21 21 22.2 25.8 29 31.8 35.8 37.8 39.3 3968 40 29.8
12 21 21 21 22.8 25 27.4 30.4 32.9 34.8 36.1 36.4 36.8
13 21 22 25 35.4 41.8 48 52 53 53.8 60.8 57 42
14 21 21.2 22.8 29.6 34.4 39.4 44.4 46.4 47.9 46.4 44.4 1.6
15 21 21 21 24.8 28.2 32.8 37.6 39.8 44.8 42.4 42 +.0.8
16 21 21 21.4 2+.2 26.6 29.8 33.2 35.2 36.4 36.8 36.8 36.2
17 21 21 21.4 23 25.8 28.6 31.6 33.4 35.6 35.8 36 35.6
18 21 21 21 21 22.8 24.4 27 29 30.5 1 31.4 32 32.2

Bomb skin Nose, gauges 1, 4, 7, Rear, gauges t(
Surfaoe of filling: Nose, gauges 2, 5, 8, Rear, gauges 11
3 oms into filling: Nose, gauges 3, 6, 9 Rear, gauges 1,

Met* ooditions - 27-28th August, 1962

Solar radiation - 6.5 39 64 73.8 30.5 83.9 84+.6 I83.9 65.4 47.1 21
(milli:wtts /082) 1
Shaf. to eratu- 20.2 23.2 25.1 27 29.2 31.2 32.2 32.8 33.2 32.6 32.8 30
Cloud oorg N Nil Nil, Nil Nil Nil 1/8 2/8 3/8 1/8
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Teohnioal Note No. '83 13

T.AB 3

temeratures for ground trial No.3. 1000 lb Vk.10 bomb, nose pointing to east

Times (G.M.T. + 2 hrs)
.00 12.00 13.04.1000 16.00 17.00' 18.001 19.00 20.00, 21.'00 22.00 23.01 400 01.00 02.00 03.00'1 04.00

Dark-

i8 38.2 41.4 43.2 44.2 43 1.8 40.2 38 35.4 33.2 32.2 31.2 30.2 29.2 28.2 27.2 24.21.4 34.2 37.8 39.3 LA .2 41.2 40.6 39.8 38 35.4 34 32.7 31.4 31 30 29.2 28.2 27

.9 29.8 32 35 37 38 38 38.2 37.8 36 35 33.9 32 31.2 30 29.6 29 26.8
48 46 49.6 50 50.2 47.2 43.4 4 38 35.2 33.6 32.2 31.2 30.2 29,6 29 27.6 26.8

40.8 45 46 47.4 46 44.8 42 40 36.4 35.4 34 32 31.6 31 30 29.2 288 35 39.4 41.8 42.3 43 . 42.8 41.6 40.2 37.2 36 34.7 33 32.2 30.8 30 28.8 28.6
1.6 33.6 36.6 37.6 39 39 38.6 38.2 37 35.2 33.6 32.6 31.6 30.6 29.6 28.6 28 27.4
;.4 29.8 33.8 35.8 38 38.4 38 38.2 39.4 - - 40 39 - 31 29 27 25.6

.2 26.8 30 33 35.4 36.4 37 37.4 40 - - 40.4 40.2 - 32.4 28.8 28.2 26.6
37.2 40.4 42.6 44.4 43.2 43 416 38.2 34.8 33 31.4 30.4 29.4 28.4 27.4 26.4 25.40 31.8 35.8 37.3 39-3 3968 40 29.8 37.2 34,8 32.8 31.8 30.8 29.8 28,8 28 27.2 26.6
27.4 30.4 32.9 34.8 36.1 36.4 36.8 36.6 34.8 34.2 32.2 31.4 30.4 29.6 28.6 28.2 27.2

.8 48 52 53 53.8 60.8 57 42 38.4 35 33.6 32 31.4 30.2 29.4 28.2 27.6 26.2
.4 39.4 44.4 46.4 47.9 46.4 44.4 41.6 38.4 35.6 34-4. 33.4 31.4 30.6 29.4 29.4 28.4 I27

1.2 32.8 37.6 39.8 W1.8 42.4 42 40.8 38.8 36 35 33 32 30.2 30 29 28.2 27
.6 29.8 33.2 35.2 36.4 36.8 36.8 36.2 35 33.2 32.2 31,2 29. 29.2 28.2 27.+ 26.6 25.6j.8 28.6 31.6 33.4 35.6 35.8 36 356 35 338 32 31 29,2 29.8 29 28 27 26

48 24.4 27 *29 30.5 31.4 32 32:2 32.0 32 31.6 31 30 29.8 29 28 27.8 127

- Nose, gauges 1, 4, 7, Rear, gauges 10, 13, 16 No V.T. fuse fitted
of filling: Nose, gauges 2, 5, 8, -Rear, gauges 11, 14, 17,
ito filling: Nose, gauges 3, 6, 9 Rear, gauges 12, 15, 18

.8 30.5 83.9 84.6 83.9 65.4 47.1 21 6 . . . . . .21 .

0.2 31.2 32.2 32.8 33.2 32.6 32.8 30 29.2 27.2 26.2 25.2 24.2 23.4 22.4 22 21.2 21.2

Iii N.i. 1/8 1 2/8 3/8 3/8 1/3 1/8 1/8 Nil Nil Nil Nil Nil Nil. Nil Nil Nil
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Bomb toeratures for *ru jtrla Nok q 1000 .Buoaneer pylon, __no otk

Time (GM.T. + 2 hra) Sept.l5th 1962
09.30 10.00 10.30 i11.00 11.30 12.00 1 12.30 13.00 13

Gauge No.1 23.50C 24.300 25.30C 25.10C 25.70C 25.3°C 25.700 26.9 0C 26
2 23.5 24.1 23.9 25.3 25.7 25.7 26.3 26.3 25
3 23.5 23.5 23.5 24.5 25.1 25.1 25.5 25.5 25
4 23.5 24.1 24.5 24.5 26 26 26.9 27.1 27
5 23.5 23.7 24.1 2).5 25.5 25.3 25.9 26.1 27
6 23.5 24.1 24.1 24.3 25.1 24.9 25.3 25.3 26
7 ...... -
8 23.5 23.9 24.9 24.7 25.9 25.9 26.3 26.3 27
9 23.5 23.9 24.7 24.7 25.5 25.9 25.9 25.9 26
10 23.5 24.3 24.3 24.3 24.7 24.7 2).9 25.1 25
11 23.5 23.5 23.5 23.5 23.5 23-5 23.5 23.5 23
12 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23

Bomb oaae:- gauges 1, 4, 8
Surfaoe 3f filling: gauges 2, 5, 9
3 oms into filling: gauges 7, 11, 12

et, oonitions Septeanber 15th, 1962

(solliwatra/ ) 38 55 64.5 68.8 37.0 8.8 85.4 89.4

Shade. temperature1  2. - 276- 278- 29.6
(00 e 25.5 - 276- 27.8-
Wind speeod (Mrs) "5 -5 -7 -1

Wind dfreotion I " 130 - 120 - 060 - 060

Cloud ooverae " Nil - /8 - 5/8 - 5/8
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RESTICTED

Teohnioal Note NaoWB 13

airas for xr~" trial N 1000 lb..Oi, bomb on Buooaneer Dylon. noe point . st

Time (G.M.T. + 2 bra) Sept.i5th 1962
9.30 10.00 10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00

5- 24.1 23.9 25.3 25.7 25.7 26.3 26.3 25.9 -

3.5 23.5 23.5 24.5 25.1 25.1 25.5 25.5 25.9 -
3.5 24.1 24.5 24.5 26 26 26.9 27.1 27.9 27.9
3.5 23.7 24.1 24.5 25.5 25.3 25.9 26.1 27 27
3.5 24.1 24.1 24.3 25.1 24.9 25.3 25.3 26.1 26.1

3*5 23.9 24.9 24.7 25.9 25.9 26.3 26.3 27.3 26.9
3.5 23.9 24.7 24.7 25.5 25.9 25.9 25.9 26.5 26.3
3.5 24-3 24.3 24.3 24.7 24.7 24.9 25.1 25.1 25.1
3.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5
3.5 23.5 23.5 23.5 j 23.5 23.5 23.5 23.5 23.5 23.5

Bomb oase:- gauges 1, 4, 8
Surfaoe 3f filling: gauges 2m 5, 9
3 oma into filling: gauges 7, 11, 12

it. onditiona Septenber 15th, 1962

18 55 64.5 68.8 37.0 84.8 85.4 89.4 - 31.8

- 25.5 - 27.6 - 27.8 - 29.6 - 30.2

5 " 5 " 7 - 11 - 7
130 - 120 - 060 - 060 -04

N, - 1/8 - 5/8 - 5/8 - /8
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RUSTRICMD

1000 lb )flr.1q b~ob caziod . in Buccaeer ~mb bax. Temperaka'ea obtained. u Al .flight at Iria. se

Gauge No* T i e (minutes)
0o. 10 1 __i IO 1.5 i 20 25 30 35 40" " z'el era uwae ries 'Y )

t o 7.8 1o.7 13.3 15.8 17.5 17.5 18.1 Finht cam
2 0 1.2 3.1 4.2 7.9 9.5 10.6 11.8 12
3 0 0.2 0.5 0.7 1.1 1.9 2.8 3.7 3.9 Heigt 5
4 0 2.7 6.7 8.9 12.7 14.7 16.6 17.5 17.8 8eed o
5 0 0.9 2.7 4 6.5 8.8 10.3 10.9 11.6 Take offm
6 0 0 0.3 0.8 0.9 1.5 2.2 2.9 3.5 Abient te
8 0 4.1 7.1 10.7 13 16 17.8 18.4 18
9 0 1.5 3.2 7.1 8.4 9.9 11.2 12.1 12.4

10 0 0.4 0.7 0.6 1.3 2 3.1 3.9 4
11 0 13 21.6 27.4 30.9 33.5 34.6 35.2 35.2 Bomb case
12 0 9.5 15.6 20.6 24.1 26.3 28.8 30 31 Surfaoe of3 om into

Mean initial temperature of whole bomb 32C V.T. fuze
V.T. fuze

Temperatures obtained (00) Gauge 7, z
1 32 36 39.8 42.7 +5.3 47.8 49.5 49.5 50.1
2 32 33.2 35.1 36.2 39.9 41.5 42.6 43.8 44
3 32 32.2 32.5 32.7 33.1 33.9 34..8 35.7 35.9
4 32 34.7 38.7 40.9 44.7 46o7 48.6 O9. 49.8 Bomb in fc
5 32 32.9 34.7 36 38.5 40.8 42.3 42.9 43.6 forward pc
6 32 32 32.3 32.8 32.9 33.5 34.4 349 35.5
8 32 36.1 39.1 42.7 45 48 49.8 50.4 50
9 32 33.5 35.2 39.1 404 41.9 43.2 44.1 44.4

10 32 32.4. 32.7 32.6 33.3 34 35.1 35.9 36 Temperattu
11 32 45 53.6 59.4 62.9 65.5 66.6 67.2 67.2 exceed 65'
12 32 41.5 47.6 52.6 56.1 58.3 60.8 62 63

mena teaeratres M0)

Bomb akin 32 I35.6 I39.2 42.1 *5 147-5 49-3149,8150
Surface of filfing 32 33.2 35 37.1 39.6 41.4 42.7 43.6 4
3 Om into fillin 32 32.2 32.5 32.7 33.1 33.8 34.7 35.5 35.8
V.T. fuze power unit 32 45 53.6 59.4 62.9 65.5 66.6 67.2 67.2
V.T. fuse milifier 32 41.5 47.6 52.6 56.1 58.3 60.8 62 63
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ESTRICTED
Teohnioal Note No. W 13

vied in Buocaneer.bomb baL. Temperatures obtained during flight at Idris. Septeber 2th 1962

Time (minutes)
I.5 i 0 1  5 1 20 25 30 1 35 40erav-re Z"Ises I'c) I

1 7.8 10.7 13.3 15.8 17,5 17.5 18.1 Flixht oonditions

1.2 3.1 4.2 7.9 9.5 10.6 11,8 12 Height 500 ft
0.2 0,5 0,7 1.1 1.9 2.8 3.7 M.eeh 50 0.
2.7 6.7 8.9 12.7 14.7 16.6 17.5 17.8 Speed M 0.81

0.9 2,7 4 6.5 8.8 10.3 10.9 11.6 Take off - 12.00 hra

0 0.3 0.8 0.9 1.5 2.2 2.9 3.5 Ambient temperature 300C

4.1 7.1 10.7 13 16 17.8 18.4 18
1.5 3.2 7.T 8.4 9.9 11.2 12.1 12.4
0.4 0.7 0.6 1.3 2 3.1 3.9 4
13 21.6 27.4 30.9 33.5 34.6 35.2 35.2 Bomb ease gauges 1, 4, 8
9.5 i 15.6 20.6 24.1 26.3 28.8 30 31 Surfaoe of filling gauges 2, 5, 9

3 ems into filling gauges 3,6, O
ian initial temperature c' whole bomb 32°C V.T. fuze power unit gauge 11

V.T. fuse amplifier gauge 12
w- ertures obtained (00) Gauge 7, referenoe point, no reoording

36 39.8 42.7 45.3 47.8 49.5 49.5 50.1
33.2 35.1 36.2 39.9 41.5 42.6 43.8 44
32.2 32.5 32.7 33.1 33.9 34.8 35.7 35.9
34.7 38.7 40.9 44.7 46.7 48.6 49.5 49.8 Bomb in forward starboard position (does open) or
32.9 34.7 36 38.5 40.8 42.3 42.9 43.6 forward port position when doors closed.
32 32.3 32.8 32.9 33.5 34.4 34.9 35.5
36.1 39.1 42.7 45 48 4,9.8 50.4 50
33.5 35.2 39.1 4064 41.9 43.2 44.1 44.4
32.+ 32.7 32.6 33.3 34 35.1 35.9 36 Temperatures of E.R.U. oartridges did not
45 53.6 59.4 62.9 65.5 66.6 67.2 67.2 exoeed 650C.
41.5 47.6 52.6 56.1 58.3 60.8 62 63

pan teaeratures (00)

35.6 39.2 4.2.1 45 47.5 49.3 49o8 50
33.2 35 37.1 39.6 41.4 42.7 43.6 44
32,2 32.5 32.7 33.1 33.8 34.7 35.5 35.8
45 53.6 59.4 62.9 65.5 66.6 67.2 67.2
+1.5 47.6 52.6 56.1 58.3 60.8 62 63
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RISMICED

1000 lb W-C.O bomb. oar; on Buoaneer o inboard pylon, Teeratures obtained duL.ii flight at Idrla. &JA

Gauge No* 0-0Tie(ints
_5 20 25 30 35 40

Temperature rises (0°) I
1 0 12.5 24.7 27 28 28.4 27.8 28.7 27 Height
2 0 3.4 9.5 144 18.2 20.4 21.5 21.3 21.6 Speed
3 0 0.3 0.6 1.8 3.5 4.5 6.8 8.6 10.1 Take-Cl
4 0 12 24.3 26.4 27 27.6 27.6 27.5 26.4 Ambien
5 0 2.2 8.6 14 16.8 18.2 19.9 21.7 21.2
6 0 0.1 0.3 1.6 2.9 5 6.4 8 9.6
8 0 14.5 26 30.6 30.8 31 31 30.8 28.8
9 0 4.6 10.41 15.1 19 21.4 23.7 23 22.9 Bomb aA

10 0 0.5 2.2 2*6 5.6 7 9 10.4 12.1 Surfao,
11 0 16.1 28.5 33 33.7 33.5 34 33.5 28 3 ome :
12 0 14 26 31 32 32.5 32.3 32. 30 V.T.ti

Mean initial temperatures: Bomb oase, 32%C, surfaoe of V.T. fn

ftilling 300C, 3 oms into filling 28
0C,V.T. fuze 320C. Gauge

Temperatures obtained. (C)
1 32 44.5 56.7 59 60 60.4 59.8 60.7 59
2 30 33.4 39.5 44.4 48.2 50.4 51.5 51.3 51.6
3 28 28.3 28.6 29.8 31.5 32.5 34.8 36.6 38.1
4 32 44 56.3 58.4 59 59.6 59.6 59.5 58.4
5 30 32.2 38.6 44 46.8 48.2 49.9 51.7 51.2
6 28 28.1 28.3 29.6 30.9 33 34.4 36 37.6
8 32 46.5 58 62.6 62.8 63 63 62.8 60.8
9 30 3+.6 40.4 45.1 49 51.4 53.7 53 52.9

10 28 28.5 30.2 30.6 33.6 35 37 38.4 40.1
11 32 48.1 60.5 65 65.7 65.5 66 65.5 60
12 32.46 58 63 64 64.5 64.3 64 62

mean teweratures (M0)

Bomb osse 32 45 57 60 60.6 61 60,8 61 59.4
Surface of filling 30 33.4 39.5 44.5 48 50 51.7 52 51.9
3 oems into filling 28 28.3 29 30 32 33.5 35.4 37 38.6
V.T. fuze power unit 32 48.1 6o.5 65 65.7 65.5 66 65.5 60
V.T. fuse amplifier 3246 58 63 64 64.5 64.36Q 62

Theoretioal temeratures -(t)

3 cam into filling 28 130.1 32.1 33.6 34- .35
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R1STRICTED

Teohnioal Note No* I 13

AML 6

n Buooanero inboard, pylon, Teaeratures obtandA.i fli at Tdris. Selamber .19h. 1962

Time (minutes)
20 25 30 35 40

12.5 24.7 27 28 28.4 27.8 2897 27 Height 500 ft
34 9.5 14.4 18.2 20,4 21.5 21.3 21.6 Speed M = 0,81
0,3 0.6 1.8 3.5 4.5 6.8, 8.6 10,1 Take-off 15.00 0.1
12 24.3 26.4 27 27.6 27.6 27.5 26.4 Ambient teeratre 300C
2.2 8.6 14 16.8 18.2 19.9 21.7 21.2
0.1 0.3 1.6 2.9 5 6.4 8 9.6

1).5 26 30.6 30.8 31 31 30.8 28.8
4.6 10.4 15.1 19 21.+ 23.7 23 22.9 Bomb oase gauges 1, 4P 8
005 2.2 2.6 5.6 7 9 10.4 121 Surfaoe of flling gauges 2, 5, 9
16.1 28.5 33 33.7 33.5 34 33.5 28
114 26 31 32 32.5 32.3 32 30 3 oms into filling gauges 3 6, 10

V.T. fuse power unit gauge 11
in initial temperatures: Bomb oase, 32 0C, surfaoe of V.T. fuse amplifier gauge 12

.lng 30C, 3 oma into filling 280 C,V.T. fuse 320 C. Gauge 7, referenoe point, no reoording.

we ratures obtained OC

!44.5 56.7 59 60 60.4 59.8 60,7 59
33.4 395 44.4 482 50.4 51.5 51.3 51.6

0283 28.6 29.8 31.5 32.5 3"8 36.6 38.1
44 56.3 58.4 59 59.6 59.6 59.5 58.4
28.1 28.3 29e6 309 33 34. 36 37.6
4625 5 62.6 62.8 63 63 62.8 60.8

34.6 40.4 45.1 49 51.4 53.7 53 52.9
28.5 30.2 30.6 33.6 35 37 38.4 40.1

? 48.1 60.5 65 65.7 65.5 66 65.5 60
a.46 58 63 64 64.5 6.364 62

kn tmeeratures (00

4.5 57 60 60.6 61 60.8 61 59.4
33.4 39.5 445 48 50 51.7 52 51.9

3 2803 29 30 32 33.5 35.4 37 38.6
2 48.1 60.5 65 65.7 65.5 66 65.5 60
2 46 58j63 64 64.5 64.3 64 62

oretioal temeratures ft )

3 30.11 32.1 33.6 34.5 365 382I~.2 9 f)3-
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Technical Note No. WE 13

TABLJE 7

Calculated flight limitations for V.T. fuzes Nos.906 and 907
when their temperatures must not exceed 700C

Sea level Limiting Mach number for heights of:-
temperature 0 2000 5000 10,000 20,000 30,000 Tropopause

°c ! ft ft ift ft ft

-26 1.45 1.45 1.45 1.55 1.7 1.85 2.15

-20 1.4 I 1.4 1.45 1.5 I .65 1.85 2.15

-15 1.35 !1.4 1.4 1.45 1.65 1.8 2.1

-10 1.3 :1.3 1.3 1.45 1.6 1.75 2.05

- 5 1.25 1.3 1.3 1.4 1155 1.75 2.0

0 1.2 1.2 1.25 1.35 1.5 1.7 1.95

5 1.15 1.2 1.2 1.3 1.5 1.65 1 .9
10 1.1 1.1 1.2 1.25 1.45 1.65 1.85

15 1.0 1.1 1.15 1.25 1.4 t.6 1.8

20 1.0 1.0 1.1 1.2 1.4 1.6 1.75

25 0.9 1.0 1.1 1.15 1.35 1.55 1.75

30 0.9 1.0 1.05 1.15 1.35 '1.55 1.75

35 0.8 0.95 1.0 1.1 1.35 1.5 1.7
40 0.7 0.95 1.0 1.1 1 .3 1.:-5 1.7

45 0.7 0.9 0.95 1.05 1.3 1.45 1.65

50 0.6 0.9 0.9 1.05 1.25 1.4 I 1.6

NOTE: (I) For speeds in excess of the above, temperature limits will be
exceeded for any flight in excess of 10 minutes duration.

(2) Values above are rounded to the nearest 0.05Hi.
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TABLE 8

Caloulated flight limitations for 1000 lb bombs when the bomb
filling temperature must not exceed 8OuC at a depth of

3 omm after 40 minutes flight

Sea level Limiting Maoh number for heights of:-
temperature 0 2000 5000 '10,000 20,000 i 30,000 Tropopause

ocft ft ft ft ft

-26 2.5 2.5 2.5 2.65 2.75 2.85 3.15
-20 2.4 2.4 2.4 2.55 2.7 2.8 I 3.1

-15 2.3 2.3 2.35 2.5 2-.65 2.8 3.05

-10 2.25 2.25 2.3 2.4 2.6 2.75 5.0

-5 2.2 2.2 2.2 2.35 2.55 2.75 2.95

0 2.1 2.1 2.15 2.3 2.5 2.7 2.9

5 2.0 2.05 2.1 2.25 2.45 2.7 2.83

10 1.95 2.0 2.05 2.2 2.4 2.65 t 2.8

15 1.85 1.9 1.95 2.15 2.35 2.65 2.75
20 1.8 1.85 1.9 2.1 2.3 2.6 2.75

25 1.75 1.8 1.85 2.0 2.25 2.6 2.7

30 1.65 1.75 1.8 1.95 2.2 2.55 2.7

35 I.6 1.65 1.75 1.9 2.15 2.5 2.65

40 1.5 1.6 1.7 1.85 2.1 2.5 2.65

45 1.45 1.5 1.6 1.8 2.05 2.45 2.65
50 1.35 1.45 1.55 1.75 1.0 2.4 2.6

NOTE: (1) These limitations apply only to the bomb itself, or one with
fuzes inserted in fuse wells within the bomb nose or tail.
They do not apply to a V.T. fuze external to the bomb.

(2) Initial bomb temperatures assumed (see Ref.l ):-

Sea level temp. Initial bomb temo.

-26 to -10°C -200 C
- 9.9 to +10oC OC

10.1 to 300 C 200C
30.1 to 500C 300C

(3) Values are rounded to the nearest 0.05M.

-T24-

RESTRICTED



WI. )IIGI
*T.t4.WLIS

FIG.I.

C
U)
I-

2 z

-JI,

~ui

4. I
I-

C.,I-In



111 .1-Iv I,'  I."

I,

0 0
2k IWJlVII 4U.



T.NWI .13.

FIG. 3.

0 uJ

-o

ifz

__Z Co

*~ az
03 z :J

____0 co4

90

0W

00

. 01 0 a 4
3V4J20J



TN. WE.13

-FIG. 4.

ot. 0

J qc

0'

-I'!i
• iZI-

0 -

0 0 ' I.

Zo LnLVU~kiV4U. I.



WA.3200 I_______ . .W L .1

FIG. 5.

AllI-
I _ __ _

FS z
', 0

*.1 51

F0

0

U In



IT.N. w 9.I __ ___au IG'6

11 10
A ec 00i

0 All

+ -J

Iii 0

0 I0-

In'



Wa A. 32Oz _________ __ - .. I13

3 IGA7

laxIII

a. U 0

8' 0

46 C

0 a-'



TN.WI.13
FIG S.

W

Ii~8 0

5Zlit~_ o-C

oIoo I
OK. 5 8

III 1 -:

± I d0

INI

4J

_ _ _ _



FIG.A

ta 0 zf
___ J__ _ _

lot

0 0

'01i

- -5

00 0 0 0 0
VA F)



1~.WI. a~
FIG.10

*13

a 0

988

___0 2 pz

00 0

___ 

0 '-0,

Ig0
S8

iii 1d
_ _ _ _~0 _ _ mU.



WKIR. 31 6TO.Bef

____ __ _ ____ ___ ___FIG. I 1409tb)

INTO FlUJ%4

(a) BMBr TEMPERATURES.

* 70

au UNIT

eooo fuze

f40

a 10 Ito 30 40 MINUTE
(b) V.T. FUZE TEMPERATURES
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DURING FLIGHT. TRIAL No.5.
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