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[57 ABSTRACT

In a method for determining and evaluating nozzle
erosion rate, an eroding nozzle and a non-eroding noz-
zle are employed in a dual nozzle arrangement to re-
ceive a balanced thrust and flow rate from a common
solid propellant grain of a solid propellant rocket motor
when initially fired. When erosion of the eroding nozzle
begins an increase in throat area results and the mass

discharged through throat increases thereby causing an
imbalance in thrust. The erosion is correlated to the
mass flow rate of the solid propellant rocket motor by
the mathematical relationships, F2 Py (An+AAR)Ce,
wherein F; is force, Pc) is chamber pressure, Ay is
throat area, AAp, is change in throat area due to erosion,
and Cp, is the thrust coefficient. Thus, the erosion rate
of the eroding nozzle is determined and evaluated as a
result of the increase of thrust and the flow rate which
causes an imbalance in the thrust due to erosion prod-
ucts discharged and a change in value of the Ay plus
AAp.

3 Claims, 1 Drawing Sheet

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 U.S.C. 157,
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EROSION RATE DETERMINATOR: ROCKET
NOZZLE

DEDICATORY CLAUSE

The invention described herein may be manufac-
tured, used, and licensed by or for the Government for
governmental purposes without the payment to me of
any royalties thereon.

BACKGROUND OF THE INVENTION

The current method of making measurements by
which the erosion rates of rocket nozzles can be deter-
mined and evaluated comprises firing a rocket motor
and exhausting the gases through a test nozzle, measur-
ing the thrust and pressure while firing, and measuring
the throat area before and after firing. By this method
any erosion occurring during the ignition transients are
not detectable due to ringing of the gauging systems.

A device by which the erosion rates of rocket nozzles
can be more precisely measured and evaluated would
be a significant contribution to the art of nozzle evalua-
tion and design to performance standards.

Therefore, an object of this invention is to provide a
device which enables an initial thrust, to be balanced as
compared to a non-eroding nozzle, regardless of any
pressure transients, so that the start of erosion is readily
detectable.

SUMMARY OF THE INVENTION

A solid propellant rocket test motor is provided two
nozzles that are equal in throat area and expansion in a
test set-up to determine erosion and erosion rate based
on a change in thrust. Nozzle No. 1 is made of carbon or
molybdenum or other materials which do not erode.
Nozzle No. 2 is made of eroding materials selected from
composites of phenolics filled with glass, asbestos, or
metals which erode during rocket motor operation.

During a test set-up, at the initial conditions, flow
through each nozzle is equal; thus, thrust is balanced.
As erosion starts there is an imbalance in thrust. The test
motor has fixtures which provides lugs or supports
which allows thrust measurement in line with the gas
flow. Pressure gauges are attached to the solid propel-
lant rocket test motor to measure pressure versus time
within the motor. Thus, the thrust and pressure are
measured simultaneously. The coefficients of thrust
(CPr) or coefficients of force are equal at initial condi-
tions and during burning regardless of the change of
throat area. Since Cris constant and the motor pressure
is the same for both nozzles the throat area change for
the eroding nozzle can be correlated to the motor pres-
sure. The relationships of mass discharge at any time
(T)=M=PcAtotal)Cp, and Areas of nozzles=A-
total)=Ay +Ap+AAp, wherein M is mass rate of
flow, Pcis chamber pressure, Cp is coefficient of dis-
charge, Ay is throat area of non-eroding nozzle, Ap, is
throat area of eroding nozzle, AAy is change in throat
area of eroding nozzle, and Aqtotal) is total throat areas
of non-eroding and eroding nozzle.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a diagramatic view of a horizontally
mounted solid propellant rocket motor test vehicle
including dual nozzles with matched throat diameters
of a non-eroding nozzle and an eroding nozzle.

FIG. 2 is a diagramatic view of a pendulous mounted
solid propellant rocket motor test vehicle including
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dual nozzles with matched throat diameter of a non-
eroding nozzle and an eroding nozzle.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A device by which the erosion rate of a rocket nozzle
is more precisely measured and evaluated comprises a
mounted solid propellant rocket test motor that is fitted
with dual nozzles that are equal in throat area and ex-
pansion. One of the nozzles is constructed of a non-
eroding material and the other nozzle is constructed of
an eroding material. The non-eroding nozzle No. 1 is
made of carbon or molybdenum or other materials
which do not erode. The other nozzle No. 2 is made of
composites such as phenobics filled with glass, asbestos,
or may be made of metals which erode during rocket
motor operation.

The test motor is provided with fixtures such as lugs
or supports which allows thrust measurement in line
with the gas flow during motor burning. Pressure
gauges attached to the motor measure pressure versus
time within the rocket motor.

Since the rocket nozzles are equal in throat area and
expansion, at initial conditions flow through each noz-
zle is equal, thus thrust is balanced. As erosion start
there is an imbalance in thrust, and since thrust and
pressure are measured simultaneously, the difference in
thrust is due only to the erosion and is not masked by
burning rate changes or burning surfaces of the propel-
lant.

In further reference to the drawing, FIG. 1 depicts a
diagramatic view of a device 10 by which the erosion
rates of a rocket nozzle is precisely measured and evalu-
ated. The device 10 comprises a rocket motor case 12
containing a solid propellant grain 14 and fitted with a
non-eroding nozzle 16 (without an expansion cone)
with a throat area A;; and an eroding nozzle 18 (without
an expansion cone) with a throat area A. Support lugs
20 retain the rocket motor in place during firing and
allows thrust measurement in line with the gas flow.
Pressure or force gauges 22 are attached to the lugs or
the rocket motor case to measure pressure versus time
within the rocket motor. The throat diameter areas,
designated A; and Ay, for nozzles 16 and 18 respec-
tively, are equal before erosion; that is, A=Ay ini-
tially. Ap for eroding nozzle is greater after eroding;
that is, Ap+AAp > Ay. Nozzle 18 throat area is shown
with indicated erosion pattern.

In further reference to the drawing, FIG. 2 depicts a
diagramatic view of a pendulous mounted solid propel-
lant motor test vehicle which is a device 30 by which
the erosion rate of a rocket nozzle is precisely measured
and evaluated. The device 30 comprises a rocket motor
case 32 containing a solid propellant grain 34. A tee
shaped (T) configurational pipe fixture 35 is shown
connected to the rocket motor case with a non-eroding
nozzle 36 (without an expansion cone) with a throat
area of Ay and an eroding nozzle 38 (without an expan-
sion cone) with a throat area Ay mounted therein. A
support member 37 provides the means for mounting
the solid propellant rocket motor test vehicle 30 and
balancing the rocket motor test vehicle on a pendulum.
Thrust or force gauge 39 is attached to the rocket motor
case to measure pressure versus time during the rocket

" motor operation. The throat diameter areas, designated

A’y and A'p for nozzles 36 and 38 respectively, are
equal; that is, A';;==A'p initially. As noted for embodi-
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ment 30, as erosion starts in eroding nozzle 38 there is an
imbalance in thrust, and since thrust and pressure are
measured simultaneously, the difference in thrust is due
only to the erosion and is not masked by burning rate
changes or burning surfaces of the propellant.

The pendulous mounted solid propellant rocket
motor test vehicle is balanced by determining the bal-
ance point of the test vehicle prior to testing. Any im-
balance due to nozzle erosion is detected by force
gauges. Erosion is correlated to mass flow through the
rocket nozzle.

The following mathematical relationship will provide
a better understanding of how the area change for an
eroding nozzle can be correlated to motor pressure. For
example, mass flow rate (M1 and M) relate to non-erod-
ing nozzle and eroding nozzle respectively, where mass
flow rate Mi=Pci;AnCp; and My=PxA,Cp;), and
wherein Pc and Pc; are chamber pressures, A, and
Ap are total nozzle throat areas, and Cpy and Cpg;; are
coefficients of discharge. Also, F and F3 and Cgy and
Cr, can be substituted for M and Mz and Cp; and Cp,
respectively wherein F stands for force; thus,

My Fy M
—_— = _p 4
Tor = Fardn = C2 Any

Therefore, when Ay does not erode, the initial condi-
tions are: Ay =Ap, Pci=Pcy, Cp1=Cpy, F1=F, and
Cr1=Cpy; also, when Ay, erodes, the conditions during
erosion are: Ap> A, Pcj=Pcy, F2>F1and Cr32 Cpy
(with no expansion cone). Since F>>F) when erosion
occurs, and Fy—F1=AF,, AF; is thus measured; there-
fore, it follows that AF,=Pci(An—A;+AAR)=Pc.
1(0+AAQ)=PC1AAQ; when eroding, Apn=Aq.
+AAp; (also, Ap> Ay, when eroding), and the mea-
sured thrust is equal to Pci(An—As1) =Py a4n. Since
Pci=Pcy, A= Ap(initially),

Cr =C P il d By =y, 200
1 =LF, PC‘ZAIZ "PClAt,an 2 =ry, PClAtl )

: _ _ _F{measured)
the change in area = A4 = Pc{measured)

at anytime (7).
The mass discharge rate at any time (T)=M=PcA(to-
tal) Cp, and Af(total)=A +Ap+AAp. Erosion is then
correlated to mass flow rate of the motor. The flow rate
through the eroding nozzle is Po(An+AAp) Cpat any
time (T). Also, erosion is correlated to mass flow rate of
the rocket motor at any time (T) by the relationship
Fa=Pci(An+AAp) Cr.

The rate of change of thrust is linear with the rate of
change in area; therefore, the total erosion and erosion
rate at any time (T) is measured, and the total erosion
and erosion rate through the total action time of the
rocket is also measured.

It is important that the erosion rate determinator of
this invention be provided with a nozzle without an
expansion cone section as illustrated in the drawing and
as further emphasized now. Cr;=Cp; only when the
expansion ratios are equal. With an expansion cone of
equal dimensions, Cr| =Cp; initially; however, as ero-
sion takes place the expansion ratio changes; therefore,
Cr1=Cpry s not equal. When there is no expansion cone
the ratio always has a value of one, therefore, Cp al-
ways equals Cr;. Hence when the nozzle includes an
expansion cone there is an error in the measured thrust
as erosion takes place, but with no expansion cone the
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measurement of the unbalanced thrust is a true repre-
sentation. Cris a function of y, P’s and A’s where v is
a gas property which does not change, P’s are pressure
relationships which if changed, changes proportionally
constant and the A’s are areas whose expansion ratios
are constant; therefore, Cr for both nozzles remains
constant through the firing. Expansion ratio is defined
as the area of the exit plane (A exit plane) of the nozzle
over the area of the throat (A throat). A nozzle with no
expansion cone has an expansion ratio of one since the
exit plane and the throat area are the same; i.e.,

A exit plane i
A4 throat

I claim:

1. A method for the determination and the evaluation
of the erosion rate of a rocket nozzle, said method com-
prising: .

(i) providing a first nozzle constructed of carbon, or
molybdenum or other non-eroding material and
designed to a predetermined coefficient of thrust
Cry and area of throat A,y;

(i) providing a second nozzle constructed of compo-
nents of phenolics filled with glass or asbestos or an
eroding metal material and designed to a predeter-
mined coefficient of thrust Cg, and area of throat
Ap said Cp; equal to said Cry and said Ay equal to
said Ap;

(iii) providing a rocket motor comprising a rocket
motor case with a solid propellant grain contained
within said rocket motor case, said rocket motor
case adapted for attachment of said first nozzle and
said second nozzle in a dual nozzle arrangement
whereby said solid propellant grain when fired
discharges products of combustion at an equal rate
of force Fi and F; through each of said nozzles
initially, and when said Ay, of said second nozzle
erodes, said F» is greater than said Fy;

(iv) fitting said rocket motor case containing solid
propellant grain with said first nozzle and said
second nozzle to provide a balanced thrust and
flow rate of said products of combustion at initial
firing of said propellant grain;

(v) providing means for measuring thrust and pres-
sure simultaneously; and

(vi) firing said solid propellant grain to generate prod-
ucts of combustion to achieve a mass discharge rate
at any time (T) equal to M=PcA(total)Cp),
wherein Cp is coefficient of discharge, A, total
equals An+Ap+AAty, and wherein erosion is
correlated to mass flow rate of said solid rocket
motor at any time (T) by the relationship F
Pci(An+AAp)Cr wherein Pc; is chamber pres-
sure, Ap is throat area, AAp is change in throat
area due to erosion, and Cp; is the thrust coeffici-
ent, and the erosion rate of said eroding nozzle is
determined and evaluated as a result of the increase
of thrust and flow rate which results in an imbal-
ance because of erosion products and change in
value of said Ay plus AAy,.

2. The method of claim 1 wherein said rocket motor
case is open at both ends and wherein said first nozzle of
a non-eroding material is attached on one end of said
rocket motor case and wherein said second nozzle of an
eroding material is attached on the opposite end of said
rocket motor case. ’
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3. The method of claim 1 wherein said rocket motor
case is open at one end and closed at the opposite end,
and wherein said nozzles are mounted in a tee shaped
configurational pipe fixture with said first nozzle of a
non-eroding material and said second nozzle being at-
tached in said tee shaped configurational pipe fixture for
discharging said products of combustion in opposite
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directions through each of said nozzles, and wherein
said tee shaped configurational pipe fixture is attached
to said rocket motor case for directing said products of
combustion to achieve a balanced thrust and flow rate
of said products of combustion at initial firing of said

propellant grain.
. * %k Xk % %



