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FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
ain sin
cos cos
tg tan
ctg cot
sec sec
cosec cse

sh sinh
ch cosh
th tanh
cth coth
sch sech
cach csch
arc sin sin-}
arc cos cos™t
arc tg tan-1
arc ctg cot™t
arc sec sec—i
arc cossc clc’l
arc sh sinh™+
arc ch cosh=}
arc th tanh=1
arc cth coth=1
arc sch sech~!
arc csch cach™
ret curl
1g log
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. 4.54, Diagram of the stage
of the turbine with the partial

gas feed.

of the Jet escaping from the nozzie. In connection with this in
Impu se subsonic turbines it 1is “dvantageous to have the intro-
ductinn of the small reaction P, = 7.02-0.05, at which

pressures p, and p, can be equalized in spite of the ejecting

Let us note ti the use of axial-flow turbines with the

nat
reaction P, > 0.05 with partial admission is not Justified,
seread over the axlal clearance, and the flow
around the rotor bvlades on the are not occupied with nozzles will

be off-design, i.e., 1

since the gas wilil

(7]

ot

will ve accompanied by great losses.
At the subsonl> veloeities of outflow from nozzle, for

a decrease in the backfiow of the £e: I'rom the nonoperative side
over an arc not cccupled with nogzzle

Fig. 4.54 1t 1s shown bv a dashed 1

The flow pattern in the partial ntage becomes complicated by
the fact tlat the gzas escaping from the nozzles, in being
encountered witn the blades which came from the nonoperative
Zone, the vane chammels of which are filled by the stagnaticn
gas (in any case, moving at low velocities, - on Fig. 4.55 these
channels are shaded intc cage), transfers part of its energy to
this stagnation gas.






'he leakages in the circular direction acquire a great
value. It is obvious that at supersonic velocity the leakage
alszoc in the regicn of point B wilil occur (see Fig. 4.55, solid

‘e axial clearance for the partial supersonic turbine
re selected as minimum as permissible according to

z
4
conditions of assembly and operation.

Ll
-~
@

<15 of the physical flow pattern in the partial
stage, conditionally the losses connected with the partiality

can be divided into four groups:

1) windage losses (i.e., losses conriected with the emergence
of the braking wheel of the moment from backfiows, mixing and
t ence of the gas and friction of edges of the blades with

11
A

[}

1
-

re

motion of the wheel along the dead-end wall);

5) 1osses to "ejection" (i.e., losses connected with the
expenditure of energy for the acceleration of the stagnation
gas flow in the vane charnels which came from the noncperative

zone) s

3) locses from sudden expansion on toundaries of the arc
of the intake;

4y 1losses connected with the gas overflow in a circular

direction.

It is very difficult to evaluate tae effect of each of the
losses experimentally, since they are interconnected. But in
a numcer of studies equations are proposed for evaluating
the individual forms of losses connected with the partialit;.
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turbine, at peripheral velocities of u 5 200 m/s for any pressure
ratios in the t'wbine. When u 2 300 m/s the advantage of the
impulse turbine with two velocity stages ls observed only with
large pressure ratios (8§ > 25 when u = 350 m/s).

In practice turbines with two velocity stages are used only
for engine installations with high thrusts. The turbine with
two velocity stages 1s constructively more complex (it has a
larger number of blades, possesses larger mass, and the cost of
its production is higher than that of a single-stage impulse
turbine). The final conclusion about the expediency of the use
of a turbine in the form of one impulse stage or in the form of
two velocity stages should te solved by taking into account the
full economic analysis and mass analysis of the design.

For engines in which hydrogen i1s used as the fuel, the
use of birotary turbines and, primarily, a birotary turbine with
two velocity stages can be of interest (see Section 4.6.3.1).
For high-powered engines with high flow rates of the working
medium, it 1s possible to use a reaction-impulce birotary turbine
(see Section 4.6.3.2).

4,8.1.2. Selection of the Form of
Precombustion-Chamber Turbine

For designs of engine installations with gas feed into the

combustion chamber, it 1s advantageous to use single-stage turbines,

since the available presssure ratios in these designs are small.
The determining requirement for this design is the effectiveness
of the turbine, its efficiency, which, as the final result,
determines the feed system characteristics throughout the mass of
the construction (see Section 1.4.2).

In connection with the small pressure ratic, ssa.l values of

caa’ ard, therefore, large ratiocs of u/can > 0.5-0.5 correspond
to precombustion-chamber turbines. Under these conditions the
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ts maintalined.

In the operation of the LPRE examples of the unstable
operation of the pump systems can be encourtered. The feed
system of the LPRE is a complex hydraulic network consisting of
seyeral rumps, a turbine, a gas generator and pipelines. Despite
the fact that the condition of the static stabllity of the
pump with the pipelines connected to it 1s usually maintained,

~vangse in conditions of the TU can lead to a loss in stability

system as a whole.

™, ., for instance, in the diagram of the feed system given
on Fig. 1.17, if the pump of the gas generator has a characteristic
~f the form given on Fig. 5.13, then in the work on the increasingz
tranch of the pressure characteristic of this pump, i.e., in
the sectlion where dH/3Q > 0, the increase in the flow rate Q, which
1s accompanied by an lncrease in pressure H, leads to an increase
in the gas flow rate through the turbine. This leads to an
inerease in the frequency of rotation of the TU. An increase in
the frequency of rotation leads to a further increase in the
flow rate @ and pressure H of the pump of the monopropellant
and, conseguently, leads to a further increase in the gas flow
pate through the turbine, which, in turn, again leads tc an
tneresse in the frequency of rotation and to the loss in stabllity
of the feed system.

L similar pattern can also take place in the operaticn of
the pas generator of the turbine on basic components. In the
work of tre pump on the increasing branch of the pressure
sharacteristis, the deviation with respect to the flow rate,
anloh leads to a deviation with respect to the pressure of the

740
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