3.5. Steam expansion over rotor blades

The law of conservation of energy for rotor blades (G=1 kg/s)
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3.6. Work (power) generated by 1 kg of gas in the stage
(according to the equation of conservation of energy)

p>0: Hy, >0, P>Po

According to the equation of conservation of energy,
(power) work transferred by 1 kg of gas to blades :
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- available heat drop of the stage:
- available heat drop in nozzles:
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- available heat drop in rotor blades:
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- available energy losses in nozzles:
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4. Relative efficiency of the vane stage

It characterizes the perfection (efficiency) of energy conversion in the flow range of the
stage:

By definition of By equation of energy
EF conservation
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4.1. Dependence of the relative blade efficiency on
dimensionless ratio of velocities

A. For “pure impulse” stage

p=0 — Hy,, =0 H, =H; = G4t =6

|. We use the formula for determining the EF according to the equation of momentum:

2U (W, CoS 3, + W, COS 2U W, COS
noﬂ: ( 1 1812 2 182): 2W1C03ﬂ1(1+ 2 ﬂZj

Cy C W, COS /3,

y

W, COs 3, =C, COS¢; —U

W, COS 3, = ¢, COSa —




2 W, COS u u? W, COS
C
&

» W, COS 3, o W, COS f3,
u
Xp = C_ - dimensionless ratio of velocities
W
p=0 !
COS
(m,,) o =2(x,pc050, =X} )| L+ 2
iy COS [,
Function 77,, = f (qu) parabolic  (has its maximum)

should be optimal

First dogmata: for maximum
EF, the ratio of velocities

d ¢ COS
ﬂzgocosal 2x, =0 = | X" = @ L
dx ¢ 2
b
2 2 Second dogmatg: the smaller
78) o :2((?0‘;3 “poosa, 7 “1}[“,,”%@ J e ater mo
1

maxy _ (P?COS%x, Cosf, | |
(1) p0=""5 [1+z//gcos i ~ @ COS” o




I1. We use the formula for determining the EF by the equation of energy conservation:
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How do the individual components of available energy losses
change relative to Xg, ?
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c. Loss in the velocity of exhaust
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Analyze the change in the loss in the velocity of exhaust relative
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B. For the stage for any value of reaction deqree :
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Losses:

a. Nozzle loss
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b. Rotor blade loss
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c. Loss in the velocity of exhaust
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4.2. Optimal available heat drop of the stage

Set: stage diameter and the rotor angular rate

Determine: what heat drop provides the greatest EF of the stage?

Particular cases:
if: n=50 c?; a,=13° ¢=0,97.

(H_O"pt) — 52,5
p=0




