°,' dh-mcal reaction. FOl' be ’ I bty

| gasoline and liquid oxygen as
er (combustor or combustion cham
eff)

atolmzed through the injectors. The te

r a given set of propellants,
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~ Fig 2. A Liquid Propellant Rocket Engine

In a liquid propellant rocket, the fuel and oxidizer are stored in separate tanks, and
they are fed through the combustion chamber and pumps. In combustion chamber the
fuel and oxidizer are mixed and burned, then they release the thermo chemical energy,
this develops high temperature and high pressure in the combustion chamber. Then the
highly heated products are exparided in the nozzle creating the thrust. '

L{quid propellants: .-

The term liquid propellant embraces all the various used and may be one of the
following - '

1. Oxidizer (liquid oxygen, nitric acid, etc)
2. Fuel (gasoline, alcohol, liquid hydrogen, etc)

3. Chemical component or mixture of oxidizer and fuel ingredient, capable of
self-decomposition ' :

4. Any of the above, but with a gelling agent

Monoiiropellax.its:

; A liquid propellant, which contains Both fuel and oxidizer in a single chemical, is
known as llant *; this i - at normal_ambient condifions and 1i :
_ monopropellant ; this is stable at Bgnnqlqgm ient conditions and liberates
thel_'mo-chemlf:al energy on heatin_g or ignififig. A monopropellant should decompose
ea_sll!i“qxl:aplqu on mjection and ignition into the combustion chamber. The number of
chemicals, Which safisfy the aforem

_ entioned properties, is small. Hydrogen peroxide
(H20), hydrazine (N,H,), nitroglycerine [C3Hs (O NO, )s], nitro methane (CH3;NO, ) are
some of the monopropellants used for focket propulsion. e ‘

&)

I a
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* Monopropellants, which decompose when ignited, are called Monergols.
rine, Picric acid, Nitro methane. : 7

T T

Bipropellants:

A liquid propellant, which contains the fuel and oxidizer in separate units, is
* " “kmown as bipropellants. Le. A bipropellant rocket unit has two separate liquid -
propellants, an oxidizer and a fuel. They are stored separately and are not mixed outside

the combustion chamber. The majority of liquid propellant™tockets have been
m a:ﬁfaptqr&f’for bipropellant applications. Some of them are in the following table.

SNo | - Fuel Oxidizer
1. |Hydrazine ' A : ] '
LH, ' ol Liquid Oxygen (LOX)
Gasoline ' '
2. | Ethanol o : : Hydrogen Peroxide (H,03)
X Hydrazine . Bow : i
3. | Hydrogen : o :
UDMH _ Nitrogen tetroxide (N;O4)
Hydrazine E
Cryogenic Propellants:

A cryogenic propellant is liquefied gas at low temperature such as }iquid Oxygen
(-183°C). or li'q\_g_i’q__}j_ydrogen (-253°C). Provisions for renting the storage tank and
minimizing vaporjzation losses are necessary with this type.

- * Because of the low temperatures of cryogenic propellants, they are difficult to
store gver long periods of time. For this reason, they are less desirable for use in military

-~ Tockets, which must be kept, launch ready-for months at a time. Also, liquid hydrogen has
a V_Ell.lgvj__gl_g,{l_‘s“i__ty (0.59 pounds per gallon) and, therefore, requires a storage volume
many tmes greater than other fuels. Despite these drawbacks, the high efficiency of
liquid hydrogen/liquid_oxygen makes these problems worth coping with when reaction
time and storabilit

: y are not too critical. Liquid hydrogen delivers a sp
40% higherthan other rocket fuels. BER

T e,

ecific impulse about
e fand

_ Liquid hydrogen “and liquid oxygen are used as the propellant in the high
efficiency main engines of the space shuttle. LHy/LO, also powered the upper stages of

® ks
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U efgohc fuels commonly include hydrazine, monomethyl hydrazine (MME

i *imimetncal dimethyl hydrazine (UDMH) The oxidizer is typically mtrogen
] xide (N204) or nitric acid (HNO;) UDMH is used in many Russian, European, and

5 Chinese rockets while MMH is used in the orbital maneuvering system (OMS) and

~ reaction control system (RCS) of the Space Shuttle orbiter. The Titan family of*launch

“vehicles and the second stage of the Delta use a fuel called Aerozine 50, a mlxture of
50% UDMH and 50% hydrazme

Cold gas propellants:

A cold gas propellant (E.g. nitrogen) is stored at very high pressure, gives a low
performance, allows a simple system and is usually very reliable. It has been used for
rg\ll con'fg)l and attitude control.

RO SR L

Storable propellants:

(E.g. nitric acid of gasoline) are liquid at ambient temperature and can be' stored
for long periods in sealed tanks. Space storable propellants are liquid in the environment
of space; this storability depends on the specific tank design, thermal conditions and tank
pressure. An example is ammonia.

Gelled propellants:

A gelled propellant is a ﬂhn&@plc liquid with a gellmg addmve It behaves like

ajelly or thick pamt It will not spell or leak readily, can flow under pressure, will bumn
and is safer in some Tespects. '

Oxidizers

1.Liquid oxygen (LOX)

This is a cryogenic propellant (Boiling point = 90 K at atmosphcmcmsm
therefore, it requlres proper insulation of containers and feed lines to prevent evaporaﬂ
It is non-corrosive and nonaxidant, but harmful to personnel. It can explode under Impa"

®

. |
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2. Liquid Fluorine

In combination with most fuels, liquid fluorine affords higher values of
performance and high specific gravity (1.5). But it is toxic, corrosive and reactive. It has
been used in experimental rocket engines, but not in production engines.

3. Hydrogen peroxide

It is highly reactive requiring special materials and handling systems. Besides
some catalysts such as manganese dioxide, calcium _permanganate and potassium
permanganate many impurities in the: containers or feed system act as_ cata.lysts
decomposing_ it into steam 20) and oxygen..in._an exothermic reaction. Elghly
Concentrated Soluﬁi“m&oﬁ' gen peroxide is used in rocket engines; this is har_mm
M"‘ e g

the skin of the personnel and suffers from hazards of firé and explosion.

It boiling point is 423.5 K, vapor pressure 17.23 mbar (327.78 K) and molecular

weight 34.1t was used in rocket applications between 1938 and 1965,but is no longer used

today, primarily because of its storage stability problems.

4. Nitrogen tetroxide

It is a storable propellant (B.P = 294. 4 K} used in combination with a number of
rocket fuels such as hydrogen, unsymmetrical dimethyl hydrazine etc. Its molecular
weight is 92.0. |

It is a high density yellow brown liquid. Its specific gravity is 1.44.It is hyper olic
with many fuels. The fumes are reddish-brown and are extremely toxic. Its liquid
temperature is narrow and it is easily frozen or vaporized. The extremely low temperature

makes the problem of choosing suitable tank and piping materials difficult, because many
metals lose their strength at low temperatures.

5. Nitric-acid

RFNA is the most common type. RENA consists of concentrated nitric. acid that

contains_5:20% dissolyed nitrogen dioxide. The red fumes are exceeding annoying and
poisonous. Two important types among a large variety of nitric acids used as oxidizers in
rockets are the red fuming nitric acid (RFNA) and white fuming nitric acid (WFNA);
they are used a farge number of rocket fuels. Nitric acid 1S preferred in many applications

on account of its_’lgi_h specific_gravity. It is highly reactive, corrosive and poisonous
causing storage and handling problems.

_—

| .
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g 5 en’compas.s a variety of different hydrocarbon chemicals
cerosene, diesel oil and turbojet fuel. KP1 is a specially refined

aficularly suitable as a rocket fuel. ;

is is a‘cryogenic propellant (B.P.= 20 K). Its low M@) and
ly low temperaturés present several technological problems. It requires lafger and
sulated storage tanks. Besides, this low temperature creates material and strength
blems. Itf%_w_i@_due to leakage can explosion. Its vapour pressure 1s 82.7
‘mbar (at 13.9 K). Liquid hydrogen when burned with liquid fluorine or liquid oxygen
gives high performance. It is an excellent regenerative coolant. It'is the ligllt;citﬁand_ thel
c&d;c_gt and a boiling point of about 20K. ' -

- 3. Ethyl alcohol or ethanol

Ethyl alcohol or ethanol [C;Hs OH] along with some water is used is a rocket fue
with several oxidizers such as LOX, H;0,, N,O,, RFNA etc. it gives lower combustion

temperature with slightly lower performance. Its molecular weight is 46.06 and specific
gravity N0 5 '

4. Hydrazine

It is toxic, colorless, liquid with a high freezing Point (274.3K). It is an excellen

.mogopropellant Wwhen decomposed by a suitable catalyst such as Iridium. It can also b
used as a monol_)ropellant; 1t 1s used in gas generators or in space engine altitude contrd
rockets. Hydrazine reacts with

steel, nick - i many materials. Compartible materials include stainles
ma_.,é;;lc el and series of aluminup,. Iron, copper and its alloys, Monel metd
' rooker o, Zing and some fype of aluminum alloys must be avoided. This also a storag
\ df;un Widely used with sey idizers. . ; :
& sg ;;)sfr;sn aild a;bidents. It is harmful to personnel. A mixture of hydrazine aI
e~ <0 CDloyed as rocket fuel Hydray: . 32 4

10 gravity of about yp: Hydrazine has a molecular weight of 32 a
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.5, Unsymmetrical dimethyl-hydrazine 1} exonasdty cod .

" This is also known as UDMH. It is a derivative of hydrazine. Its chemical formula

is (CH3 )2 1_\3\]’1'12 Wi_th a moleculfar weight of 60. As stated before it is used as a 50:50
mixture with hydrazine in combinations with the oxidizer nitrogen tetroxide or Red

fuming nitric acid. Its specific gravity is 0.66.Its boiling point is 336.7k.

#

properties of liquid Prﬂpellant7 :

I

9.

Energy released during the combustion per unit mass of the propellant

el be b
mns ould be high.

,]lj,ig.h.-.deusity propellants are preferréd; they require smaller tanks and structures
offering lower values of the mass ratio and aerodynamic drag.

The propellants should have lower freezing point; this makes the handling of -

propellants, particularly cryogenic propellants easier in various rocket
components. Low freezing point rules out any possibility of freezing of the.
propellants at high attitudes and in cald weather. ‘

They must be Egg_—_g;gogiye so that their handling is easier and less demanding on
materials used in various parts of the rockets. ‘

They should be chemically stable. Their properties;’ should not deteriorate with

time. They should qgl_'gljzsc_);b_rggigﬁurc. Small amounts o‘t:__i‘_rilpuﬁt’if_s_ws_l}_qglgl, not
change their chemical properties.

21T CNE
Propellants should have low_values of vapour pressure and viscosity. Lower

vapour pressure _alnids_kpavitati@,g,pﬁr_ﬁb@@ in the feed pumping system. Lower

viscosity decrease the power required forpumping.

Propellants must have higher specific heat and thermal conductivity for better
________,—-——————-—“"—*—"'_' g i s e ~
performance. ]

They should not be poisonous and hazardous. Some propellants-are poisonous;
they are dangerous for personnel if inhaled or touched.

Products of combustion must have lower ‘ya,lpgs,u.oﬁ..mpk@p_ul.ar_\ﬁigbt and gas

__Constant.

¢
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| Weight | 0 [P
o 32.00 14l gml | 218.8°C |

n Tetroxide _|N;04 201 [14sgml |93C LIS

mﬂ — [mNo, 63.01 155gml [-41.6°C {83°C
qm@ﬁyhgm H, 2.016 0.071 g/ml [259.3°C [[-252.9°
Hydrazine NoH, 32.05 1.004 g/ml |1.4°C  {113.5°C
Methyl Hydrazine  |CH,NHNH, [46.07 0.866 g/ml [-52 4°c 87.5°C
Dimethyl Hydrazine {(CHz),NNH, [60.10 110.791 g/ml |-58°C  [63.9°C
Dodecane (Kerosene) |CyoHag 170.34 0.749 g/ml |-9.6°C  |216.3°C

PROPELLANT SELECTION AND DESIRABLE PROPERTIES:

il Economic factors: . ; j

Avallablllty in large quantity and a, low cost (impulse/unit cost must be as
large as possible) are ve ortant considerations in the selection of a propellang. |
In military applications, considerations have to be given to loglstlcs of productmm
supply, and other possible military uses. The production process shou 1
requiring only_c_)_r_gi_narxchemlcal equlpme ns and avaﬂable Taw materials. B

T e ee

----- e =’

|
1
2. Performance of propellants

The performance can be compared on the basis of the specific impulse, the
effective exhaust velocity, the characteristic velocity, the specific propellant
consumption, the ideal exhaust velocity or other engme parameters. For high

performance, a high content of chemical energy is desirable because it permits a higi

combustion temperature. A low molecular weight of the product gases is also
desirable

Isp a ‘\,(TJM)

Where T, = combustion temperature e .
M =Molecular weight. L.
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hould low.

st be minimum.

a. Low freézing point:

, Ffeezing point should be low. This permits operation of rockets in
cold weather. , / .

b. High specif:gg';i\i{y:

. In order to accommodate a la.rge mass of propeliant in a given .
vehicle tank size, a dense propellant is required. It permits a small vehicle

construction and consequently a relatively low structural weight and low
aerodynamic drag.

c. Stability:

Should be chemically and physically stable. A good liquid:
propellant should also have negligible chemical reaction with piping, tank

walls, valve seats and “pasket materials, even at relatively. high ambient
———— g ry———— T e . 5
temperatures. It should have minimiim reaction with the atmosphere.

d. Heat transfer properties:

High specific heat, high thermal conductivity and a high boiling or

decomposition temperature are desirable for propellants that are used for,
thrust chamber cooling. '

e. Pumping properties:

A Jow vapor pressure permits handling of the’ propellants and a
more_cffective pum@m the propellant is pumped. If the
viscosity of the propellant is too high, then pumping end engine-system
calibration become difficult.” ;

e
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g lgn ion, combustion and Flame properti =
readily ignitable and have
losio uring starting

Al rocket propellants should be

= ; f;@'?ti‘og time delay in order to reduce
e ~ Propellant should be smooth without WS'

fast so that its residence time is minimumm.

Reaction rate should.be.
This reduces the length of combustion chamber and hence the cost.

st flames are objectionable in |
be easily detected.

Smoke and brilliantly luminous exhau
certain military applications because they can

(Q'SN

5~ PROPELLANT FEED SYSTEMS

[&J .~ Liquid propellants are required to be injected at a bressure-.SﬁghﬂY zbove the '
combustion pressure. Two types of feed systems can be employed; '

They are ; %gs? pressure feed systems
2. The pump feed systems.

The former is much simpler and widel used of 1 ’ ‘
g w thrust an = . -
The later is used in large engines. 4 = st and short-raneC RS EE

the prope'lll‘:\l; tfr:xf;l:anft‘ feed system has two principal functions; to raise the pressure of
functions comes 'tho eed them to one or more thrust chambers. The encrgy for these
the two. The s:;c fr from a high pressure gas, centrifugal pumps, or a combination of
primal:ilyb o 01.1 er'of a particular feed system and its components is goveme’
past eXPGﬂ)e,ﬁcE 2?3252;11 O:ng fbt;le rQCke;, du‘r a_tion, number of type of thrust chambers
e gice; . by general requirement of simplici ' ¢
R - oo tnert mass, Al feed p—————
propellants s for filling and removing (draining and flushi o
) ontrol devices to initiate, stop and regulate their flow jn(ling) thc? liqui

: operation.

In gcliérai a gas pressure feed s : :
’ tem :
turbopump system. Wh Se gives a vehicle perform I
- clfa:ntﬁzr ;IESSure § 1en the total impulse or the mass of rp tiormance SUBGECE.
. " ow, the engine thrust to weight ratio 12 fc? eu(alnt lilrelatlvely
low (usually < 0.6)

® |
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1 can be relatively ;f'ps_mq“ii--_. such as Ior

h multiple restartable

One of the simplest and most common means of pressurizing the propellanf ;‘!, ‘!* =
em out of their respective tanks by displacing them with high pressure gas. This
ed into the propellant tanks at a controlled pressure, thereby giving a controlled
discharge. Because of their relative simplicity, the rocket engines with
feed systems are very reliable.

A simple pressurized feed system is shown in fig. It consists of a high pressure
gas tank, a gas starting valve, a pressure regulator, propellant tanks, propellant valves and
feed lines. Additional components such as filling and draining provisions, check valves, ' :
filters, flexible elastic bladders for separating the hqmd from the pressurizing gas, and “+
pressurize SeNnsors or gauges, are also often incorporated. : '
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- Gasfill

\ valve

<]

RemEaE R Propellant valves
(remote control)

Reslricting
orifice
{
1
1 ]
thitst e “—— Rocket thrust chamber
chamber(s) : ! -
i |
\\ ’I
I) "\

A

e — = — :

A L1quld Prc;ﬁellmt Racket engine With Gas ﬁfe&ure feed syst

An inert gas is separately carried at a pressure much higher than the injection pressure,

this is used to exert the required pressure in the propellant tanks. The pressurizing gas is
chosen on the basis of its chemical properties density, pressure and the total weight of the
gas and the tank. Nitrogen, Helium and air have been used for pressurization. The
prope}lants under high pressure are forced to flow into the thrust chamber through valves,
feed lines and injectors, ' )

After all tanks are fitteq the hi
_ [itted, 1gh
admlti1 gas thnll‘:)ugh the pressure to the pgr
propellant tanks. The check
unit is not in an y S

is no pright position T
opening valves. Whep the Propellants ;

g¢ and clean lipeg and valy

-pressure gas valve is remotely actuated and
opellant regulator at a constant pressure to {2
nt mixing of the oxidizer with the fuel when the
¢ propellants are fed to the thrust chamber by
are completely consumed, the pressurizing gas caf
¢s of much of the liquid propellant residue.

@
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P R S
injection can alvo be generated within the propellant tank or ta
quantity of a gas which reacts exothermally with the prope
pressure gas requires to force the propellant into the cor

o pump feed system:

For high pressure and high thrust liquid engines,
- preferred. Here the propellants are pressurized by mea
.+ driven by turbines. These turbines derive their power fro

the turbo pump feed system is
ns of pumps, which in turn are
m the expansion of hot gases.

To oxidizer injectors Turbine exhavst To fuel injectors.

' 1
= o~
Pum;; \ ]\ Vpump

Turbine

1

Oxidizer  Gos s

Fig 4. Turbo pump feed system for Liquid propellant Rocket Engine

The turbine or turbines work on high pressure and temperature gas generated
sieparately or tapped out from the main combustor. (Fig 4) depicts a general arrangement
of a turbo pump system. Here both the fuel and oxidizer pumps are driven by a single
turbine in order to achicve flexibility in choosing the design and operating parameters.
The fuel and oxidizer pumps can be driven separately by their turbines.

Fig (5) depicts a turbo pump feed systems employing a single turbine driving the fuel and
oxidizer pumps through a reduction gear. The turbine operates on a separate gas stream
generated from the propellants in an independent gas generator as shown, A pressurizing

@

“~
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ssurized

‘helium

.
J——

Fuel

Tank pressurization
valve

Oxidizer
pump
Gear

1 —_——

Hot éas

. Turbo
assembly :
s ==
1} >
' -
()
' -
Fuel _*
pump -~ St
o
l —-’-‘
Y
."'
Valves L8
R
==
Thrust ':;
chamber “:_,_/

Fig 5.Schematic diagram of a Liquid pfopellant Rocket Engine with a turbo pump feed

_system

An auxiliary power unit is also needed in a rocket engine. A single turbine can %'e
sufficient power to drive the propellant pumps as well as electric generator. BEsE

working on high energy gases bled from the main thrust chamber or combustor it can 2
- employ it own combustor with a gas pressure feed systems.

There are enormous tem

gas at the turbine inle

v turbine

7T
)

generator
(1L.4% of
flow)

[ ———

Heat_:
exchanger

Exhaust

duct 2 <
Turbine <7

exhaust
nozzle

perature differences within a turbo-pump unit. The high-pres
tis at a high temperature of order of 15000 K whereas b
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-owever 'centnfugal pumps are”

ripl Speed of the pump impeller it is preferable to employ higher ota
order to restrict the size of the pump -

. Engmes with turbopumps are preferred for booster and sustainer stages of space
* Jaunch vehicles, long-range missiles, and in past also for aircraft performance

argumcntatlon These are usually lighter than other types for these high thrust, long
duration apphcatxons.

An engine cycle for turbo pump fed engines describes the specific propellant flow
paths through the major engine components, the method of providing the hot gas to one
or more turbines, and the method of handling the turbine exhaust gases. There. are open

" cycles and closed cycles. Open denotes that the working fluid exhausting from the
~ turbine is discharged overboard, after having been expanded in a nozzle of its own, or
discharged into the nozzle of the thrust chamber at a point in the cxpandmg section for
downstream of the nozzle throat.

In closed cycles or toppmg cycles all the working fluid from the turbine is

) anCCth into the engine combustion chamber to make the most efficient use of its

remaunng energy. In closed cycles the turbine exhaust gas is expanded through the full
pressure ratio of the main thrust chamber nozzle.

’ The gas generator cycle and the staged combustion cyclc can use most of the
common liquid propellants. The expander cycle works best with vapourized cryogenic

-hydrogen as the coelant for the thrust chamber, because it is an excellent -heat absorber
and does not decompose.

Gas generator cycle:

In the gas generator cycle the turbine inert gas comes from a separate gas
generator. Its propellant can be supplied from separate propellant tanks of can be bled off
the main propellant feed system. This cycle is relatively simple; the pressures in the
liquid pipes and pumps are relatively low. It has less engine specific impulse than an
expander cycle or staged combustion cycle. The pressure ratio "across the turbine is
relatively high, but the turbine or gas generator flow is small of total propellant if
compared to closed cycles. Some early engines used a separate monopropellant for
creating the generator gas.
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GAS GEN ERATOR CYCLE

_ The RS-68 rocket engine has a simple gas gencramr cycle.
es liquid hydrogcn/hquld oxygen rocket engmc built to date.

Erpander cycle:’

‘ In the expander cycle most of the engine coolant (usually hydsagen fuel) is fod *-ta

low pressure ratio turbines after having passed through the cooling jecket where it thﬁ |
_up energy. Part of the coolant, perhaps 5 to 15% bypasses the turbine and rejomms the

turbine exhaust flow before the entire coolant flow is injected into the engime mmbm
: chamber where it mixes and bumns with. the oxidizer.
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specific impulse, but it is
of the staged combustion cyc

g ! more complex and heavy. A variation
le is used in the space shuttle main engine.
| Fuel ( -

¢ turbine

: STAGED-COMBUSTION CYCLE
‘Combustion :

Combustion of a liquid propellant (fuel and oxidizer mixture) in the combustor or thrust
chamber of a rocket engine requires thé following basic processes-injection, atomization,
mixing, vaporization, ignition and exothermic chemical reaction between the fuel and
oxidizer. Mixing and chemical reactions may also take place before vaporization.

Complete combustion depends besides other factors, on the oxidizer-fuel ratio,
combustion temperature and time and space available, degree of atomization and mixing.
In contrast to air breathing engines the oxidizer-fuel ratio in liquid propellant rockets is-

lower than the stoichiometric value to give a fuel rich mixture. The combustion
temperature corresponding to stoichiometric ratios are very high. '

The propellants are injected into thrust chamber through fine orifices for proper
atomization. Various methods are employed to atomize and mix the fuel and oxidizer.
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: nn lm ectsthe prop *éﬂ w'
hambe ent olonﬂ"‘ .."‘ 1o ,\ CODd.lthﬂS tO ylél
~ combustion roées laced at the forward or upper end of the combustor, th
' also erforms the structural task of closing off the top of the combustion cha

the high pressure and temperature | it contains.

———., G RE RN

The function of the injector is similar to those of a carburetor of an intery
combustion engine. The injector has to introduce and meter the flow of liquid propell
to the combustion chamber, cause the liquids to be broken up into small drop],
~ process called atomization), and distribute and mix the propellants in such a manner
a correctly proportioned mixture of fuel and oxidizer will result, with uniform pro
- mass flow and composition over the chamber cross seetion. This has been accomplig
_ ‘with different types of injector design and elements.

internal manifolds of feed passages with the injectors. These provides for the dlStIib n
of propellant from the injector inlet to all the injection holes. A large complex manifeii
volume allows low passage velocities and good distribution of flow over the cross sect x

of the chamber. A small manifold volume allows for a lighter weight m]ector 3
reduces the amount of “dnbble” r— fter the main valves are shut

The higher passage velocity causes a uneven flow through the different identica
injection holes and thus a poorer distribution and wider local gas composition vanahm
Dribbling result in after buming, which is an insufficient irregular combustion that g
a little “cut off” thrust after valve closing. For application with very accurate termérat
vehicle velocity requirements, a cut off nnpulse has to be very small and reprod e
and often walls are built into the injector to minimize passage volume.

-

-

The various types of injectors in liquid propellant rocket engines are as follows

The i 1mp1ng1ng stream type injector

The non-1mp1ngmg or shower type injector
The splash plate i injector

Sheet or Spray type injector
The pre-mixing injector

The co-axial hollow post injector

AT B Lot T
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m type injector, the propellant |
0 dlzter streams impinge upon each other. A conical

is als ed 1o collect the streams and supply a well-mixed propellant

. e‘-combusgor. _Tlps will aid the atomization of liquid into droplets. Majoﬁtj’

of rocket engine uses impinging type injector. ' ol

- The impinging stream type, multiple-hole injéctors_are commonly wi =
.-h drocarbon and storable propellants. For unlike doublet patterns the );)roﬁfoa%% ejallrle
inch‘tccf through a m.lmber of separate small holes in such a manner that the fuel and
oxlmger 'streams impinge upon each other. Impingemeﬁt forms_thin_liquid fans and aids
atomization of the liquids into droplets also aiding distribution. Impinging hole injectors

are also used for like-on-like or self-impinging patterns (fuel-on-fuel and oxidizer-on-
oxidizer) T ot - : -

The two liquid streams then form a fan which breaks up into droplets. Unlike

doublets work best when the hole size (more exactly th fuel i
: when i y the volume flow) of the fuelis about
equal to that of the oxidizer and the jgnition delay is long enou i

5,101 gh to allow the fo__r_r_n_\ation
% 4F0r unevcmg_ﬂow th%{ip}g}_m{_____&ym;ems to be more effective.

Inieclion holes

: S : 'nmpin.gen-{ea'__
P Impingement points

FQ{EI“d ] e Oxidizer k ‘i'-il y
eI ~%Z-. face of : manifolds ~~ Faceles
Oxidizer injector - ~~ . Injecior
manifolds Fuel TN .

manifolds: o8 DY

~ 3
Doublet impinging - Triplet impinging !
stream pattern stream pattern -

Typical impingement ©

/w point -
SR G 0

Qxidizer -
manifolds

\ Self-impinging -

\

, b stream patiern
2. The non-impinging type or shower head injector:

The non-impinging or shower head injector is one in which the oxidizer and fuel

- do not impinge at any spggggg_p_ggt, but they are mixed by the turbulence within the
Jla_n_'}ggr. The shower head injector employs non-impinging streams of propellant usually

@

j
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. :3. The splash plate injector:

T In the splash plate injectors mixing is achieved by ‘impinging propeliant sirez

~ againstasuface.

-

SPLASH PLATE PATTERN

'?, 4. Sheet or Spray type injector

A Sheet or s
duce con;;o;rsg;?i};;n! ecfol- has oxidizer and fuel holes arranged in circh
injector e cylindgca Spray patterns that intersect within the ch

cal, conical or other types of spray sheets; |

@9 o |
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5. The pre-mixing injectors:

' The.pre-mixing injectors mix the liquid propellants. Before they are infroduced
into the chamber. The lengths of the premix chamber are critical so that explosion.of.the

premiXed propellant does not take place miside the engine.
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g‘ g COOLING IN LIQUID ROCKETS:

Cooling of thrust chambers:

The primary objective of cooling is to prevent the chamber and nozzie walls fraem
becoming too h

ot, so they will no longer be able to withstand the imposed ‘-}mﬁis R
stresses, thus causing the chamber or nozzle to fail. Cooling reduces the el
temperatures to an acceptable value. Cooling also belps to teduce the oxidation of fhe

- wall materia] '

Cooling methos:
1. Steady state method
- & Regenerative cooling
b. Radiation cooling
2. Unsteady state or transient he
a. Ablative cooling
K - 3. Film cooling
& a. Transpiration cooling
b 4. Dump cooling
5. Thermal nsulation

at transfer method
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RUEHLS _the heat transfer rate and the temperature of the chamber reqéh
I equilibrivm.  Cooled thrust chambers haye provisions for cooling some or all
oming into contact with hot gases, such as chamber walls, nozzle walls and -
faces. Internal cooling Passages, cooling jackets can consist of separate inner
and outer walls or of an assembly of contoured, adjacent tubes. The nozzle throat region
N ally the location that has the highest heat transfer intensity and is therefore the most
difficult to cool. For this reason ¢

s _ ooling jacket is designed so that the coolant velocity is
higher at the critical regions by restricting the coolant passage cross section. The steady

state method includes regenerative cooling and radiation cooling,

- | NOH]E a ] ‘: :
- exit manifold

Reinforcing. S S
: tension oI it (Sectibii G
T . Chamber
] Thma-
g i (Section &)
Plug~y /.
. Sl
< =
Top view without

| manifeld -
a. Regenerative cooling:

It is done by building a cooling jacket around the thrust chamber and circulating
one of the liquid propellants (usually the fuel) through it before it is fed to the injector.
This cooling technique is used primarily with bipropellant chambers of medium ta large
thrust. The heat which is taken away by way of cooling is picked up by a propellant
-Et;l_l—fed back to the combustion chamber, so it is not lost that why the name regenefative
cooling. A long duration liquid propellant rocket motor requires regenerative cooling It
has been effective in applications with high chamber pressure and high heat transfer rates.
Also most injectors use regenerative cooling, ; 4
It is most widely used method which utilizes one or possibly both of the Propellz.mts fed
through passages in the thrust chamber wall for cooling before being injected into the
combustion chamber.
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ith most coolants, reduced reliability with sox

“ dropsreq\nred at high heat flux levels, mc}thmst‘le‘\?elsﬁ,‘ Ky
ixture ratios or nozzle area ratios possibly limited by maximum

sien of a regeneratively cooled thrust chaml38_r involves consideration of gag Side_,__' ;
flux, wall structural requirements, coolant side heat transfer, and th.e effects of
eratl;ro increases on coolant properties. Heat transfer in a .regcner.atwely cooled

J éhmhbcr can be described as the heat flow between t.wo moving fluids, ﬂnough 2
- multiplayer partition. The fig shows this process schematically. The general steady state
correlation of heat transfer from the combustion gases through the layers, which include
the metal chamber walls to the coolant. |

b.Radiation cooling: i i

.

With this method heat is radiated away from the surface: of the outer ihres

e

fe . chamber wall. It has been successfully applied to. very small, high temperature materiail
combustion chambers and to low heat flux regions, such as nozzle extensions. When #
reaches thermal equilibrium this wall usually glows red ‘or while hot and radiates heat |
away to the surrounding or the empty space. ]

, Radiation cooling is used with monopropellant thrust chamber, biprope

monopropellant gas generators and for diverging nozzle sections beyond an areiiaﬁe of

about 6.=10. A few small bipropellant thrusters are also radiation cooled. This cooling

scheme has worked well "‘-’ith—hm!:ﬁhmnb?er,pmssutes (less than 250 Psi) and moderats
p.eat transfer rates.

1

2% ﬁnsteady state or transient heat tran.
teac eat transfer m 9
This method is also  hea iy ‘

with low chamber pre called hgalii{k_gggjjgg. This method has mostly- been usadi
chambers can be dc;lr)ie %S;u;):: %-‘lg*w'*hga_tif&n?‘i‘?_&{é&?& Heat sink cooling of thrust
such 25 fiber reinforgeq roIng heat in an inner liner made of ap ablative mat&ti@,

. lastics. . : ; ; ; -
propellant rocket motoys. Plastics. . Ablative, materials are used extensively in solif

a. Ablative cooling:
A\ this procegs
o £} Combust; :
MIZINg and cherjgy) chan;::l? nd-ga‘? side wall material is sacrificed by meltiag
© Wall surface thus loWer?nglsti:Pa;e heat. Asa result, relatively cool gases @
ot | 4 e I i
e oundary layer temperature and assistin

. blative materig ;
¥ e : :
ks “atenalis usually a good thermal insula
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C Clﬁfl}lilj E:: first used and still used extensively with solid propellant
S. n successfully apolied to liau;
B harnber ores y applied to liquid propellant thrust chamber,

sure, short duration and also in nozzle extensions for
 large and small thrust chambers where the static gas temperatures are relatively low.

An ablative material usually consists of
glass, Kevlar or carbon fibers) engulfed by
plastics, epoxy resins or phenolic resins)

a serles of strong, oriented fibers (such as
a mafrix of an organic material (such as

3 Filxln'c_ooling:

Here, exposed chamber wall surfaces are protected from excessive heat by a thin
film of coolant or propellant introduced through orifices around the injector periphery or
'tluougl‘_t 1.1.1a¥nfo'1dt:,d orifices in the chamber wall near the injector and sometimes in
several more planes toward the throat. The method has been used particularly for high
heat fluxes either alone or in combination with regenerative cooling.

S ""—-—-—Thi o t'h T O T T
. This me pd 1S apphed to the complete thrust chamber or just {0 the ozl
the heat transfer is the highest. In this method a relatively cool thin fluid film covers and

protects exposed wall surfaces from excessive heat transfer. F"iéshows the film cooled
.chamber.s. The film is introduced by introduced by injecting small quantitieé of fuel or an
inert ﬂ,}y_q‘ at very low velocity through a large number of orifices along the exposed
surfaces in such a manner that a protective relatively cool gas is formed. A coolant with
high heat of vaporization and a high boiling point is desirable.

&

Liquid propellant
injector

Annular zone
of exira fuel
injeclion

Film coolant Hot burning Liquid
‘ - .Injection holes - 3olid propellant _propallant
injection —

Layer of
il relatively

#4 cool gas—\
I3
DN\

\Cool burning
solid propellant
or Insulator

Manifolds for
film coolant
injection

Graphite
f Insert
Layer of ' Layer of
relatively ¢ | , relallwely
cool gas | cool gas
] ll : \

"

FIGURE 8-11. Simplificd diagrams of three different methods of forming a cool

boundary layer.

In liquid propellant rocket engines extra fuel can also be admitted through extra

injection holes at the outer layers of the injector. This differs from film cooling or

@.
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on cooling:

e \ ‘ iration cooling uses a poro
o ooling sweat or transpira ( e
E fice. ¢ verg the surface. This technique has been suces

e

o c&s in the upper stage. of the moon launch vehicle and sy
vine (SSME) with Hydrogen fuels. .

4
B

. 1\' e
4. Dumb cooling:
il
._,3- e With this principle a small percentage of the propellant, such as the h}'di‘ogeg o
~ LO./LH; engine, is fed through passages in the thrust chamber wall for cooling and &
L subsequently dumped overboard through openings at the rear end of thie nozzle skim.
~ Because of inherent problems, such as performance losses, this method has only limited
- applications. :

This co_olipg system may prove particularly effective in hydrogen fueled, low
pr?ssure (<100psia) systems or in nozzle extension of high pressure hydrogen systess.
A 'small amount of the total hydrogen flow is directed from the main fuel feed kae, i

passed through cooling passages and ejected. The heat transfer mechanism is similar @

that of regenerative cooling,.

5. Thermal insulation: e i 1

Theoretically ; 4 : : ..
can be .very effect)i,vzgigog thermal insulation layer on the gas side of the chamber il

However efforts v; h ed_ucing _chalnber wall heat transfer and wall temperatbses.
~ carbides haVé'n::l‘tbeegOOd wsulation materials such as refractory oxides or ceramid
g R I 3 o . 3
' expansion withouy Successful. . They will pot withstand . differential therssal

rtacking or spalling, Asbestos is a good insulator and was used

E
P
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