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Purpose

The purpose of this document is to provide guiddifor the preparation, firing and
post-firing inspection of the Blast Tube Motor (B M he BTM is an experimental
rocket motor that simulates, in part, a dual-pHasey. The objective of firing the
BTM is to study the effect of the high-velocity extst flowing over ablative
insulation specimens. The goal of the study iseteetbp an ablative insulation that
will provide adequate thermal protection of a matasing subjected to the harsh
heating associated with dual-phase motor operation.

The BTM consists of two chambers — a forward charttiegt houses the propellant
grains, and an aft chamber that houses the tubblative specimen. The aft chamber
Is referred to as blast tube. A mid-bulkhead, which connects the two chambels)
serves to locally channel the exhaust flow in ameamepresentative of dual-phase
operation.

The BTM has provision for four KNSB propellant graiof BATES configuration,
with grain dimensions as illustrated in the Appendther grain configurations such
as finocyl can be used, with care taken not to @@maximum Kn of 420.

The BTM is illustrated in Figure 1. A dimensionatigtailed drawing is provided in
the Appendix.
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Figure 1 -BTM details
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Preparation

1) The total length of the ablative tube specimen khba 10.40”, consisting of
two equal sections of 5.20”, as shown in the Appenthe two sections are to

be bonded together using epoxy adhesive. A siegigth of 10.40” may

alternatively be used.

2) Thermal labels are to be applied to outside oftad@ddube specimen. Exact

location of labels is not important. Figure 3 shasuggested layout.

340-380F (yellow)
450-500F (gold)

175-300F (red) may be substituted for either

Prior to applying the labels, clean the ablativgetsurface with alcohol,
lacquer thinner or other suitable cleaning agent.
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6 labels
(3 yellow, 3 gold)

6 labels
(3 yellow, 3 gold)

Figure 3 — Application of thermal labels on alattube specimen
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3) Weigh and record the mass of the ablative specimih thermal labels
attached.

initial mass = grams.

4) Measure and record the thickness of the ablative &1 a number of locations
at each end.

5) Rosin paper is used for thermal insulation of kb#motor casing and blast
tube. The insulation for the both sections needsetout to the appropriate
length, and the number of wraps needs to be datethbased on the casting
tube OD and the ablative tube OD. Use sufficiergps to allow for a sliding
fit without too much looseness.

If grain segment ODs are not all the same, extegpwof rosin paper should be
wrapped around the smaller grains to bring thethém to the same OD as the
larger grains.

Place the grain segments with the extra wrapsspfi@tion at the fore end of
the casing, as the fore end receives greater Igeatin

Rosin paper should be a heavier grade of thick®ess. For reference, this is
approximately the thickness of two sheets of stethtdand paper (#20).

For insulating the ablative tube (only), the rgsaper should be bonded at both
fore and aft ends, as illustrated in Figure 2. ifbention is to seal out hot
exhaust gases from impinging directly on the thétatzels. Adhesive should

be white (carpenter’s) glue, diluted with wateatlow easy application with a
brush. Apply thermal labels prior to wrapping witisulation.
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' Rosin paper
Ablative insulation to be adhesive
tube. wrapped aroun

| —

Figure 2 — Sealing rosin paper to ablative tube

6) If chamber pressure is not being measured, clddautkhead pressure tap hole
with 1/8 NPT plug sealed with teflon tape.

7) Bulkhead interior surface is to be thermally prégelowith one layer of 1/16”
cork per expected firing. For example, if 3 firinrg® expected, 3 layers of cork
can be applied without need to refurbish betwesngs. Bond cork using any
suitable adhesive such as silicone.

Firing
1) Igniter composition is optional; 10 grams of copfhermite is recommended.

2) If chamber pressure is being measured, pressueergading is to be video
recorded.

3) Make sure all piping connections from the bulkhtathe gage are fully

tightened & properly sealed to prevent any leak&gen small leakage can
result is significant errors in pressure readings.
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Post-firing

To preserve the thermal label readings, it is irtgodrto minimize the effect of post-
firing heat soak. As such, the following steps sdtidne taken:

l. If practical, the blast tube should be doused ezl&r with water immediately
after firing, while taking care to avoid wettingethocket nozzle

II. The motor should be opened up as soon as possididiang in order to cool
the ablative tubing specimen. To facilitate thipoaver screwdriver with the
appropriate hex key bit should be used

[ll. Once the ablative tube specimen has been extrantéthe insulation removed,
photos should be taken, paying particular atterttaime thermal labels.

Post-firing Inspection
The following inspections may be done at any tirost{iring.
1) Thermal label readings are to be recorded.
2) Ablative tube specimen is to be washed in hot watsoap to remove
all exhaust residue and loose charred particles.specimen should

again be photographed.

3) Weigh and record the mass of the cleaned ablgpgeimen, with
thermal labels still attached.

clean post-firing mass = grams.

4) The ablative specimen is to be cut lengthwise twtm halves, in order to
allow for more thorough inspection of the interidhe interior should
then be photographed.

5) All the char should be scraped off the interioavieg virgin ablative
material.

6) Weigh and record the mass of the de-charred ablapecimen (both
halves), with thermal labels still attached.
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post-firing mass of virgin material = grams.

7) Measure and record the remaining thickness at aklogations, at each
end and along the cut length.

Appendix

Author R.Nakka 8



000°}+

05— 7

pesyiing pIN
000'¢ orze

ol
0s1"
s|zzoN peswing
paanbai z ”_.ch.h@mm ”_.CN__®QO\_n_
00T's
005"
¥ 7 7 3 oree 0S.°C
000°} stl'e 7
t
adaL oo | o5z
' 7 7 =t L g0
V14 000°¢
1S8] g 0] saqn] sAle|qy | 0z's |

orol

6980C ,

Author R.Nakka



