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Introduction

The following are the preliminary calculations and designs for my first liquid
propellant rocket engine. They are still being refined and are open to suggestions
and constructive criticism.

The engine will have a thrust of 20 pounds. The chamber pressure will be 300 psi
with a fuel/oxidizer mix ratio of 1.2, the combustion temperature will be 5680°R
and specific impulse will be 248 seconds.

This engine will be cooled ablatively by graphite. The combustion chamber, throat
and nozzle will be machined from one solid piece of graphite. This part will most
likely need replacing periodically. The rest of the engine pieces will be fabricated
from aluminum, or possibly titanium, for a low flight weight.

Fuel and oxidizer will be pressure fed to the engine by pressurizing the tanks with
helium.

My goal is to keep the design and fabrication as simple as possible. As few parts
as possible will be used for simplicity and reliablitiy.

The following publications were used for reference material, equations and ideas:

How to Design, Build and Test Small Liquid-Fuel Rocket Engines ©1967 Leroy J. Krzycki
Rocket Propulsion Elements - Sixth Edition ©1992  George P. Sutton




Design Calculations

I began by choosing the propellant and oxidizer I wanted to use. Methyl Alcohol
for the fuel, and Gaseous Oxygen as the oxidizer. The thrust I wanted to acheive
was 20 pounds. The following is the propellant information I began with:

Combustion Pressure: 300 psi

Mixture Ratio: 1.2

Flame Temperature: 5220°F or 5680°R
Specific Impulse: 248 seconds

I then found the total propellant flow rate needed for 20 pounds of thrust with the
following equation:

w = F/Isp = 20/248 = 0.0806 Ib/sec

The fuel flow rate, for this mixture ratio, was found with the following equation:
w; = w/(r + 1) = 0.0806/2.2 = 0.0366 Ib/sec

From finding the fuel flow rate I could then find the oxidizer flow rate:
w, = 0.0806 - 0.0366 = 0.044 1b/sec

To begin calculations for the throat I first found the gas temperature at the throat:
T, = 0.909 (T.) = 0.909 (5680) = 5163°R

I then found the pressure at the nozzle throat from the following equation:
P, = 0.564 (P,) = 0.564 (300) = 169 psi

From this I then found the total nozzle throat area:

A, = (W/P) (RT,/yg)"

A, = (0.0806/169) (9500)" = (0.0004769) (97.4679) = 0.04648 in®




Upon finding the nozzle throat area I was able to calculate the nozzle throat
diameter:

D, = (4A,/m)* = (0.0592)" = 0.243 in

With a chamber pressure of 300 psi and a nozzle exit pressure of 14.7 psi:
A /A, = 3.65

From this I calculated the nozzle exit area:
A, =3.65 A, = (3.65) (0.04648) = 0.1696 in’

Upon finding the nozzle exit area I was able to calculate the nozzle exit diameter:
D, = (4A,/m)"* = (0.216)" = 0.465 in

The combustion chamber diameter will be five times the nozzle throat diameter:
D, = 5D, = (5) (0.243) = 1.215 in

With this I then calculated the combustion chamber area:
A, = D24 = (3.14) (1.215)%4 = 1.159 in?

Assuming a combustion chamber L" of 60 inches, the combustion chamber volume
was found with the following equation:

V. =L1" A, = (60) (0.04648) = 2.789 in®
From finding the chamber volume I was able to find the chamber length:

L.=V_./(1.1) (1.159) = 2.789/1.275 = 2.187 in

From the previous equations the internal measurements of the combustion chamber,
throat and nozzle have been made. The nozzle convergence half-angle [ will be
60°, and the nozzle divergence half-angle o will be 15°.




The following equations will determine the area and size of the injector holes
required for a 20 pound thrust GOX/Methyl alcohol engine.

For simplicity, a small brass commercial spray nozzle will be used for fuel
injection. The nozzle will have a 75° spray angle. The required capacity of the
spray nozzle will be determined by the fuel flow rate:

w; = 0.0366 lb/sec = 2.196 Ib/min

Since there are approximately 6.42 pounds of Methyl Alcohol in a gallon, the
following will determine the gallons per minute spray requirement:

gpm = 2.196/6.42 = 0.342

There will be four equally spaced oxidizer injection holes around the fuel injector
nozzle. The desired gas stream velocity will be 200 ft/sec. Assuming a pressure
drop of 100 psi the oxygen gas pressure at the entrance to the injection holes will
be 400 psi. The density of gaseous oxygen at 400 psi, and a temperature of 68°F
is given by the perfect gas law:

P, = p, ®,/P) = 2.26 Ib/ft’
Assuming incompressibility, the injection flow area is given by:
A=W, [pV,

Now, knowing the oxygen flow rate and the desired injection velocity the total
injection area is found by the following equation:

A = 0.044/(2.26) (200) = 0.0000973 ft
A = 0.014 in?

There will be four oxidizer injector holes. Each will have an area of 0.0035 in* and
the injector hole diameter is found by the following equation:

D = (4A/m)"” = (0.0044585)" = 0.0668 in




Design

The following pages are the designs and drawings I came up with from the
calculations on the previous pages. I wanted to keep the design as simple as I could
since this will be my first liquid propellant engine. I designed the engine to require
no welding, the four main pieces will be held together with bolts and separated by
seals or gaskets.

The injector is designed in two pieces. The fuel injection nozzle will be screwed
into the middle and the four oxidizer injection holes will be drilled around it. The
fuel supply will also be attatched to the top of this piece as well. The second piece
of the injector is the oxidizer ring where the oxidizer supply will be attached. Both
the fuel and oxidizer attachment holes will be threaded on the injector.

The body of the engine is very simple. It will be an aluminum tube that will hold
the combustion chamber, throat and nozzle graphite insert piece.

The retaining piece at the bottom of the engine will also be made from aluminum.
It will hold the graphite insert piece in place.

Four long bolts will hold the injector pieces to the retaining piece at the bottom.
The engine should be fairly easy to assemble or disassemble this way.

Any and all ideas or constructive criticisms of these designs are welcomed. I can
be contacted at the addresses and phone numbers below...

Tim Patterson
3161 W. Cheryl Drive #N22
Phoenix, AZ 85051

Phone: (602) 702-5929
Pager: (602) 340-2121
E-mail: monoply @ primenet.com







