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The value of T for Alouette I, which employs l-in.-diam
steel STEMs with properties listed in Table 1, is 11.5 sec.
For Alouette IT and ISIS-1, employing beryllium copper 0.5-
in.-diam STEMs, T of Eq. (20) is 1.3 sec.

Concluding Remarks

The experimental and analytical evidence strongly indicate
that the appropriate time constant for despin theories is as
given by Eq. (20). Allowing for variation in radius (it ap-
pears that the radius of STEMs slightly increases over a period
of years) and other parameters, it appears that the upper
bound values of T for satellite applications are about 1.6 and
14 sec for beryllium copper and steel STEMs, respectively.
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Prediction of Interstitial Gas Pressure in
Multilayer Insulation during

Rapid Evacuation

K. M. Kneser* anp F. O. BENNETTT
Convair Division of General Dynamics, San Diego, Calif.

HE use of multiple-layer radiation shields for insulating
cryogenic propellant tanks on long-term missions has
long been convidered. However, the fragile nature of the
shields (3-mil aluminized Mylar) has necessitated a con-
siderable development program for designing a light weight,
structurally sound insulation system. One problem has been
the prediction of the insulation stresses caused by the evacu-
ation of the helium purge gas during ascent. These stresses
can be estimated for a particular shape blanket using mem-
brane theory if the pressure differential across the blanket can
be determined. ‘
The gas flow in most multilayer blankets is two-dimen-
sional; however, a conservative estimate of the pressure dif-
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Fig. 1 Layers of Superfloe.

ferential can be made using the results of one-dimensional
theory wherein the minimum linear flow path {distance from
center of blanket to the nearest open edge) is used as the
length dimension.

In multilayer insulation blankets, adjacent shields are
spaced either by use of positive low-conductive spacers such
as foam sheets, or by deforming each shield so that adjacent
shields touch only over a minimal area. The effect of these
spacers on the gas flow makes the flow problem too complex to
solve analytically without empirical data. Therefore, we
postulate a type of flow and force the solution of the analytical
model to fit experimental data with the use of a correlation
factor. This factor is a function o™ the layer density only for
each particular type of insulation. The type of in ulation
tested in this study was Superfloc (Fig. 1). In thisinsulation,
the spacer consists of small tufts of Dacron needles.

Analytical Model

We assume that the gas flow is analogous to continuum
flow in a porous medium with constant permeability; it is
one dimensional and isothermal; and the gas is perfect with
constant fluid properties.

The mass flow rate is given by the equation m = (K/u) X
p(OP/dz) where u is the mean gas viscosity evaluated at the
average blanket temperature. K is the insulation perme-
ability and is a function of layer density only. It is to be
determined experimentally for each type of insulation.
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If a mass balance is performed on a differential control ele-
ment in the insulation, the following equations result.

Fig. 3 Pressure probe
mounting arrangement
in Superfloe insulation.

(K/w) 0/0x (poP/ox) = op/ot 1
Since the gas is assumed petfect, p = (P/RT), and
(u/K) OP/ot = 0/0xz ( P OP/dx) 2)

We impose the following on Eq. (2):
Boundary conditions

P(Lt) = P.(@®)

Initial condition

Pz, 0) = P,
3)
@P/ox) (0,1) = 0

where * = 0 is the middle, no-flow location, of the blanket;
z = L is the open end of the blanket; P,() is the ambient
pressure; and Po is the initial pressure.

The equation for the pressure differential may be derived
with the substitution

n(z, t) = Pz, t) — P.(@)
Then
(u/K) [@n/0t) + P.'(1)] =
[7 + P.()] (0*n/02%) + (dn/0z)* (4)

Boundary conditions
n(L, t) =0

Initial condition
7(z, 0) =0
(5)
(0n/02) 0,6 =0

Equation (4), with boundary and initial conditions given
by Eq. (5), completed the statement of the mathematical

model. This model was solved numerically using an implicit
difference method and the CDC 6400 digital computer.

Experimental Program

The apparatus consisted of a 9.5-in.-diam, 54-in.-long cop-
per eryogen tank and a 36-in.-diam vacuum chamber (Fig. 2).
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Fig. 4 Pressure transducer output from a typical run-—

also shown are the corresponding solutions to Eqs. (4) and

(5): 30 layers/in.; 46-in. evacuation length; 535°R sink
temperature; 10X nominal Saturn pressure profile.
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Fig. 5 Variation of maximum pressure differential with
evacuation length and pumpdown rate— Superfloc 30 and
45 layers/in.

The tank was wrapped with 1 in. of insulation at densities of
30 and 45 layers/in. One layer of Schjeldahl X-850 scrim
reinforced Mylar was wrapped around the outside to prevent
deformation and bulging of the insulation. Pressure probes
were embedded (Fig. 3) at four locations along the length.
Two variable reluctance pressure transducers (0-0.5 psid)
were used to measure the differential pressure across the outer
layers of the insulation. These transducers were calibrated
statically for the range 0.009-0.15 psid and had a maximum
of 59, of reading error. A third variable reluctance trans-
ducer measured the vacuum chamber pressure.

One transducer was positioned at the “no flow” or maxi-
mum-pressure differential location which is located at the
center of the blanket when both ends of the blanket are open.
The other was located at a position corresponding to approxi-
mately one-half of the total evacuation length. By cutting
and banding the insulation, evacuation lengths of 46, 27, 14,
and 8 in. were obtained.

The evacuation pressure profiles were scaled to a nominal
Saturn launch profile. Pumpdown rates of 1, 10, 20, and 30
times that of the nominal profile were performed. Three
insulation sink temperatures of 535° R, 140°R, and 37°R and
a single-source temperature of 535°R were used to investigate
the effect of the helium purge gas viscosity on insulation
evacuation rate.
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Fig. 6 Variation of maximum pressure differential with
temperature— Superfloc 30 layers/in.
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To obtain the desired vacuum chamber pressure history,
predetermined pressure profiles were used on a Moseley X-Y
recorder. Three evacuation valves were manually operated
so that the recorder pen followed the plotted curve during
pumpdown (Fig. 2). At the higher pumpdown rates, it
usually took several tries before an acceptable chamber pres-
sure history was obtained. Times to evacuate the vacuum
chamber from ambient pressure to 0.25 psia ranged from 105
to 3.5 sec, and the transducer output signals were recorded on
a high-frequency Honeywell oscillograph.

Test Results and Correlation with Theory

The data from a typical run are shown in Fig. 4. This
graph shows the actual and nominal vacuum chamber pres-
sure histories together with the output of the two differential
pressure transducers. Also shown are the theoretical predic-
tions from the solution to Eqs. (4) and (5). A value of the
permeability K was chosen so that the solution would match
the value of the maximum measured pressure differential at
the no-flow boundary. In Fig. 4, the theoretical pressure
differential curve for the location 19 in. downstream of the
no-flow boundary was generated by using the same value of
K chosen for the NFB case. The viscosity was always eval-
uated at the average of the chamber and tank temperatures.
The value of K for a specific layer density was then obtained
by averaging the values for each run. This was done ex-
tensively for the 30 layers/in. density where four different
evacuation lengths, four pumpdown rates, and three mean
temperatures were used. The following values were derived
for the two-layer densities: K = 1.47 X 1075t for Superfloc
at 30 layers/in. and K = 5.01 X 1077ft? for Superfloc at
45 layers/in.

For design purposes, the maximum pressure differential is
usually the parameter of interest. Figure 5 presents these
data as a function of evacuation length and ambient pressure
history. Figure 6 shows the effect of viscosity (tempera-
ture). It can be observed that the model does not correlate
well over a wide temperature range (280°-535°R). It should
be noted that all test points were used in the calculation of the
permeability K. If the points at the higher mean tempera-
ture (535°R) were deleted, the correlations of AP vs L
presented in Fig. 5 would be closer.

Derivation of the Quaternion Scheme
via the Euler Axis and Angle

CarL GrRUBIN®
Hughes Aircraft Company, Culver City, Calif.

AQUATERNION is a four-parameter system for uniquely
specifying the attitude of a rigid body with respect to
some reference frame. The four parameters themselves are
determined by solving the quaternion-rate equations, which
are linear differential equations whose coefficients are the
body angular rates. Once the parameters are determined,
the elements of the direction-cosine matrix that determine
the body attitude can be formulated. In this Note the
direction cosine matrix in terms of the quaternion parameters
and the quaternion-rate equations are both derived in a
simple physical way using the concept of the Euler axis and
angle. A supplementary result of these derivations is an
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explicit solution for the initial quaternion in terms of the
initial direction cosines.

Analysis

A theorem due to Euler states (in effect) that any sequence
of rotations of a rigid body which has one point fixed can be
arrived at by a single rotation—the Fuler angle (Author’s
nomenclature)}—about some axis—the Euler axis (Author’s
nomenclature)—which passes through the fixed point.! Let
the fixed point in the body be located at the origin of a set
of fixed Cartesian axes X, ¥, Z, with unit vectors I, J, K.
Introduce a second set of Cartesian axes z, y, 2z, with unit
vectors i, j, k, which are fixed in the body. Let the angular
velocity of the body at any time, », be described by compo-
nents p, ¢, r measured along z, y, 2. Then

© =1ip + j¢ + kr (1)

where p, ¢, r are assumed to be known time functions.

Now the time history of p, ¢, r integrated from ¢ = 0 to
the present time { = ¢ has brought the rigid body from the
reference attitude—z, y, z coincident with X, Y, Z—to its
present attitude. By Euler’s theorem this sequence of mo-
tions is equivalent to a single rotation ¢ about some well-
defined axis which passes through the origin. Let this axis
be defined by a unit vector es, with the rotation 6 around
ey taken positive in the sense of the right hand convention.
Initially, the viewpoint is that e; and 8 are known and the
first problem is to calculate the transformation matrix be-
tween X, Y, Z and @, y, 2. Later, equations are developed
for determining ey and 6 given the time history of p, ¢, r.

The transformation matrix can be obtained by applying
a general formula for rigid-body rotation derived earlier.?
Using this formula one can determine the final orientation
of any line in a rigid body, which intersects a fixed axis, when
the rigid body undergoes a finite rotation about this axis
(Fig.1). Theresultis

1; = ro(cosf) + epleq o) (1 — cosb) 4 (e X 1p) sind  (2)

where eg = unit vector along the axis of rotation, § = rota-
tion angle, and ry, r; = initial and final orientations of the
line.

In the present paper the axis-angle combination is again
designated by ey and 0, so Eq. (2) can be applied directly by
substituting the appropriate axes for 1, and r;. Thus, to
find the direction cosines for unit vector i, take

r; =dandr, =iy =1 3

since at the start of every rotation 2z is coincident with X.

[l

Fig. 1 Finite

rotation.




