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Abstract: As a kind of equipment that can adapt to gas-liquid two-phase waste heat recovery, twin-screw
expander has a very large application market. In order to solve the problem of lack of theoretical research
and error-prone engineering design of twin screw expander under partial load, a mathematical model of
working process of the twin-screw expander under variable working condition was established in this pa-
per. The rotor profiles were designed, the rotor meshing clearance and other geometric variables were cal-
culated, the leakage and heat transfer models were established, the suction pressure correction model of
the suction process under partial load was proposed, and the correction parameters that could be used to
simplify the calculation were collated. Experiments were carried out by using the practical application.

Verification results show that the twin-screw expander can operate stably under the working conditions
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with large fluctuations, and has excellent working performance of variable load; when the load is re-

duced, the pressure difference of the expander is reduced because of the suction pressure loss, the leak-

age is reduced, and the efficiency is increased; under the load condition from 100% to 65% , the volu-

metric efficiency increases from 78. 87% to 84. 76% , and the adiabatic efficiency increases from

66. 81% to 74.25% ; compared with the experimental data, the error of flow calculation in the suction

pressure correction model proposed in this paper can be controlled within 3% ; the model solves the per-

formance calculation problem under partial load, so that the theoretical model can better fit the practical

application under partial load condition, ensuring the accuracy of the selecting type calculation of the

twin-screw expander.

Key words: twin-screw expander, steam energy saving, working process simulation, experimental verifi-

cation, partial load
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Fig. 1 Flow chart of steam twin-screw expander system
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Tab. 1 Twin-screw expander performance parameters

Z B OH
Fitg/t-h ! 14 ~20
A BB/ C 251
A1/ MPa 1.0
R/ C =205
tH HHJ1/MPa 0.6
T KL R kW 400
R HALEA B/ kW 450
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Tab.2 Twin-screw expander geometric parameters

% ¥ o OH
PR 75K 2, 4
e 7158 2, 6
Bt A/mm 252
FHEET-5ME D,/ mm 321.3
F%%¥4Mz Dy/mm 321.3
FRE%FIKAE d,,/mm 183.96
% 142 di/mm 182.7
TAEBLKHE L/mm 530
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Fig. 2 Schematic diagram of control volume method'"
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Tab. 3 Rotor meshing clearance design parameters
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Fig. 4 Distribution diagram of rotor meshing clearance
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Fig.5 Change curve of orifice area and tooth volume
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Fig. 8 Main measuring point position diagram
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Tab. 4 Experimential data of twin-screw expander

#R #HR R HER
7R el o St/
T BE, Khs RE/ K/
remin~"  t-h7! kW

C MPa C MPa

3 690 19.0 257.8 0.91 208.8 0.50 432.7
3 690 18.6 257.9 0.90 211.0 0.51 411.6
3 686 17.9 257.6 0.92 209.6 0.53  406.7
3 683 17.5 258.7 0.92 213.0 0.55 381.0
3 688 14.9 265.9 0.88 218.8 0.52 336.4
3687 14.5 255.4 0.84 215.4 0.54 279.5
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Tab. 5 Calculated data of twin-screw expander

BRRR, IR, G, fPeR, BIEER/

R
% kW kW % %
1 78.87 700. 83 468.2 66.81 92.42
2 79.09 653.40 440.6 67.43 93.42
3 81.39 610.88 436.7 71.49 93.13
4 82.70 560. 80 407.49 72.66 93.50
5 84.05 495.77 360.53 72.72 93.31
6 84.76 400.71 297.54 74.25 93.94
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Tab. 6 Simulated data of twin-screw expander model

< TN ML LX) IR bRy
TH ERY IR/ R/ WE/ WE/ WE/

MPa kW % t-h™'  t-h7! %
1 0 532.27  87.96 19.03  19.0  -0.16
2 0 503.26 87.55 18.47  18.6  0.70
3 0.03 497.10 87.85 17.73  17.9  0.95
4 0.037 464.99 87.63 17.07  17.5  2.46
5 0.1  412.38 87.38 14.28 14.9  4.19
6 0.19  346.98 85.75 13.42  14.5  7.47
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Fig. 11 Power diagram under different working conditions
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Tab. 7 Simulated data of modified theoretical model
— PR v (ENEL XS BIEE
{
t-h-! WE/t-h! W2/ %
3 17.9 18.05 -0.84
4 17.5 17.48 0.11
5 14.9 14.96 -0.40
6 14.5 14.52 -0.14
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Tab. 8 Simulated data of modified twin-screw expander

- Hig R MR OBERIR WEm

T . A/ W/ BIER/ ®BE %BIE
A t-h™'  t-h™"  h7' F/ehTY /%

3 1.1199 14.57 3.16 3.54 18.11 -1.17
4 1.1580 14.47 2.60 3.01 17.48 0.11

5 1.5625 12.52 1.75 2.74 15.26 -2.42
6 1.6053  12.29 1.13 1.81 14.10 2.77
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