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ABSTRACT

The development of the carhon dioside capander, which is now the key
technelogy ol the refrgeration and heat puwp research, 38 the subject ol the
dissertation, This swdy is on the purpose ol designing a highly ciTicient carbon
dioxide cxpander. Emploving an expander, the carbon dioxide transcritical cyele not
only have the advantage of environmental protection hat also save eneray. So this
paper presents both theoretical analysis and practical experience for its application,

Comparisons ol dilTerent measures such as wsing internal heat exchanger,
improving compressor ellicieney, increasing the coclfcient ol te heat translers,
adopting an expunder and optimizing the cvele, show that the utilization of the
expander in the carbon dioxide transceritical system can improve the cecfficient of
performance of the system. The cxpunsion process 1n the carbon dioxide trunscritical
eycle is analyzed based on the imeversible thermodynamics. According to various
inlet paramaters of the expansion process, the models of leakage, fluid flow and the
spread velocity of the pressure wave are set up. On the basis of the theorstical
cxpander maodel, the characteristics of the performance are analvzed. There exist the
optimal parameters t© maximize the efficiency of the expander.

The second generation expander with the redesigned blade 15 developed on the
basis of the lormer rolling piston expander and 115 theoretdcal analyais has been made,
The capander with the new Blade runs well with less irreversible Toss and s
theorctical efficiency is higher compared with the former one, Tn addition, a swing
capander 15 developed and studicd in the respeet of kinctics and the drreversible
logscs, The resulis illustrate that there is guite a Hule leakage loss in this kind of
cxpander and 112 theorerieal eflicicney 38 higher than that of the rolling pision
expander with a new blade. By the meuns of the finite element method. the stress
analysis of the swing piston has been done. The results indicate that the maximuom
stress and the most gricvous distortion take place at the base of the piston blade.
however the extreme value i not that large, so it 1s quite fit for the swing piston to
perform under hish pressure disparity by choosing the optimal material and
redsonable design.

In this paper, the methods of the power recovery of the expander have been
well discussed. The merits, demerits and feasibility of various tyvpes have been

presented. The type of generating electricity is suitable for the system with large



cupacity, and its output of the generator can drve some small equipments. The
expander-compressor s favorable for the system with small capacity. The
arrangements of the expander-compressor in the system are studied. The research
shows that the coefficient of performance of the system can approach the optimum
value when the expander-compressor supplies the second stage compression for the
Lwo-slage  compression syslem, When the capander iz connected 1o the main
compressar in the two-stage compression system, the coefficient of performance of
the system can reach the highest point. The developed soucture of the
cxpander-compressor and the design philosophy are presented in dewail, The
inlMuenees of both the phase of two erank-shafts and the strength on the shalt on the
function of the cxpander compressor are analyred,

The experiments on the rolling piston expander with conventional blade, the
redesigned rolling piston expander and the swing cxpander in the carbon dioxide
transerilical evele bave been conducled, Three prowelypes can perlonm sweadily, The
test efficiency of the rolling piston expander with new blade is from 35% to 47%.
while that of the swing expander is from 33% 1o 44%, they are hisher than that of
the rolling piston expander with o conventlonal blade. The experimental results
demonstrate that the design 15 effective in reducing leakage Toss. By the testing, the
characteristics of the performance of the system with an expander are obtained.
There are optimization and matching problems in the system. The experiments verity
the theoretical conclusion that there s an optimal parameter Tor the highest

etfticiency in the expander,

Key words: carbon dioxide transeritical cyele ;  rolling piston expander ;

swing expander ; capander-compressor
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