Worked Example #6

Calculate the ideal Thrust and Thrust Coefficient for a rocket motor operating at 68
atmospheres chamber pressure and exhausts to ambient. The nozzle has a throat diameter of
10mm and has an exit diameter of 35.7mm. The nozzle exit pressure is 1 atmosphere (optimum
expansion). The propellant is KNSB.

Po = Stagnation pressure (chamber pressure), 68 atmospheres
Pa = Ambient pressure, 1 atmosphere

From Technical Notepad #3 (http://www.nakka-rocketry.net/techs2.html), KNSB has the
following properties:

k=1.04 2-phase flow

The equation for ideal thrust is

k+1 k=1

2 T At :
F= A" Po 2K [ 2 j“ 1—[P—J + (Pe—Pa) Ae equation 3
k-1 k+1 Po

As this is a rather cumbersome equation, the suggested first step is to simplify the calculation by
calculating the terms involving “k”

LI CE ),
k—1 1.04—1 7
2 = = 0.9804
k+1 1.04+1
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k—1_1.04—1_00385
kK~ 1.04 7
The pressure ratio is likewise calculated
Pe _ ! = 0.0147
Po 68
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The throat cross-sectional area, A*, is

Vs
A" =7(10.0)* = 78.5mm’

The nozzle exit cross-sectional area, Ae, is
=— (35 7)2 = 1001mm?

Since we wish to express the thrust in terms of Newtons (or pounds-force), we must use
consistent units. To obtain thrust in Newtons, we use m-k-s (metre-kilogram-second) units for all
parameters:

A* =785 /10007 = 78.5x10° m?
Ae = 1001 /1000% = 0.001 m?

Likewise, pressure is converted to N/m?

N/ N
Po = 68 atm x 101325 ——689 x 10° 7

Pe = Pa = 101325 N/m?

The ideal thrust may now be calculated. Note that the pressure thrust term in the equation is
equal to zero, as Pe = Pa.

F =785 x 1075(6.89 x 10°),/2(27.04)(0.9804)51(1 — (0.0147)09385) = 929 N.

(to convert to “pounds force”, we divide Newtons by 4.448, giving F= 209 Ibf)

It is important to always check units for consistency:

F=m —\/dlmenswnless + (i - %) m?
Therefore
\% m\z Vdimensionless

Units are confirmed to be correct (N.)
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The equation for Thrust Coefficient is:

k+1 k-1

2 b e -
Cf= 2k [ 2 ]“ ‘]—[Ej + w equation 5
k-1 \k+1 Pe P A"

Note that the term inside the square root sign is identical to that of the thrust equation. Also note
that the pressure term in the equation is equal to zero, as Pe = Pa.

Cr = \/2(27.04)(0.9804)51(1 —(0.0147)00385) = 1,72

A check of the units will confirm that Cf is dimensionless as expected.

Compare these values for a nozzle with optimum expansion to those values obtained in Worked
Example #5.
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