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Abstract

マイクロガスタービン（MGT）は有
望な分散型発電システムだが、外気温
が上がると発電効率が落ちる。この欠
点を克服する冷却方法を検証した。

1. Introduction
0LFUR�JDV�WXUELQH��0*7��LV�UHODWLYHO\�QHZ�WHFKQRO-
RJ\�WKDW�LV�DWWUDFWLQJ�D�ORW�RI�LQWHUHVW�LQ�GLVWULEXWHG�
HQHUJ\�V\VWHP��'(6��ZLWK�WKH�HOHFWULFDO�RXWSXW�UDQJ-
LQJ�IURP���N:a���N:>���@��$V�D�SULPH�PRYHU�LQ�
'(6��HYHQ�LI�0*7V�SHUIRUP�ORZ�HOHFWULFDO�JHQHUD-
WLRQ�HI¿FLHQF\�FRPSDUHG�ZLWK�UHFLSURFDWLQJ�HQJLQHV�
�,&(V���0*7V�RIIHU�D� ODUJH�QXPEHU�RI�DGYDQWDJHV�
OLNH��VKRUW�FRQVWUXFWLRQ�SHULRG�� IDVW� UHVSRQVH��KLJK�
SRZHU� GHQVLW\�� ORZ� HQYLURQPHQW� FRPSDFW�� ORZ�
RSHUDWLRQ� DQG� PDLQWHQDQFH� FRVWV� DQG� PXOWL� IXHO�
FDSDELOLW\��7KH�XVH�RI�PLFUR� WXUELQH� LV�FRQVLGHUHG�
D�YHU\�DWWUDFWLYH�RSWLRQ�LQ�FRJHQHUDWLRQV�V\VWHP��WR�
PHHW� ERWK� HOHFWULFDO� DQG� WKHUPDO� HQHUJ\� QHHGV� RI�

UHVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�EXLOGLQJV��7KH�SHU-
IRUPDQFH�RI�0*7�ODUJHO\�GHSHQGV�RQ�HQYLURQPHQW��
KLJK�DPELHQW�WHPSHUDWXUH�OLPLWV�WKH�DLU�PDVV�LQWDNH�
DQG�WKXV�OHDGV�WR�WKH�UHGXFWLRQ�RI�SRZHU�RXWSXW�DQG�
HOHFWULFDO�HI¿FLHQF\��FRPSDUHG�ZLWK�WKH�,62�FRQGL-
WLRQV� RI� ����� EDU� SUHVVXUH�� ���.�� ��5+>�@��7\SL-
FDOO\��D�,.�ULVH�LQ�WKH�DPELHQW�WHPSHUDWXUH�ZLOO�GURS�
����a�����SRZHU�RXWSXW�RQ�PHGLXP�ODUJH�*7V>��
�@��7KH�HOHFWULFDO�SRZHU�RXWSXW�RI�0*7V�LV�VKRZQ�
WR�ODUJHU�GHFUHDVH�ZLWK�DPELHQW�WHPSHUDWXUH�DW�D�UDWH�
RI�DERXW�������.>�����@��GXH�WR�D�UHGXFWLRQ�RI�ERWK�
DLU� GHQVLW\� DQG� YROXPHWULF� ÀRZ�� ,QOHW� DLU� FRROLQJ�
WHFKQLTXHV�KDYH�EHHQ�VWXGLHG�DQG�DSSOLHG�WR�UHGXFH�
LWV�LQÀXHQFH��VHYHUDO�PHWKRGV�DUH�DYDLODEOH>��@���L��

/,�<DQ[XH���58$1�<LQJMXQ���/,8�4LQJURQJ�
��6WXGHQW�0HFKDQLFDO�DQG�(QHUJ\�,QVWLWXWH�7RQJML�8QLYHUVLW\��)DFXOW\�RI�
(QYLURQPHQWDO�(QJLQHHULQJ�WKH�8QLYHUVLW\�RI�.LWDN\XVKX
��$VVRFLDWH�3URIHVVRU� 0HFKDQLFDO�DQG�(QHUJ\�,QVWLWXWH�7RQJML�8QLYHUVLW\�
��$VVRFLDWH�3URIHVVRU��(QHUJ\�DQG�0HFKDQLFDO�,QVWLWXWH�6KDQJKDL�
8QLYHUVLW\�RI�(OHFWULF�3RZHU

Enhancing Micro Gas Turbine Performance by Inlet Air 
Cooling Using Ejector Refrigeration

Micro gas turbine (MGT) is attracting a lot of interest in the distributed generation (DG) market. But there 
is a significant limitation on the application of MGTs; the performance of MGT is strongly sensitive to 
ambient conditions, and its output and generating efficiency will drop with the increase of the ambient 

temperature. This paper presents a novel inlet air cooling method by ejector refrigeration driven by waste gas 
heat from the MGT, enhancing the performance of MGT under high temperature condition. First, the influence of 
inlet air temperature on the micro gas turbine is analyzed. The experimental results show power output decrease 
0.47kW/K. A thermodynamic simulation model of the recuperated gas turbine at full condition is developed with 
Matlab/Simulink software. Heat recovered from the exhaust gas drives the ejector refrigeration to cool the inlet air, 
the performance of the ejector refrigeration is obtained through numerical calculation under different conditions. 
Cooling effect comparison between evaporative and refrigerated cooling methods was carried out under different 
meteorological conditions. Results show this novel inlet air cooling method through jet refrigeration driven by waste 
heat has obvious advantage under high temperature and heavy humidity environment condition.
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ZHWWHG�PHGLD�HYDSRUDWLYH�FRROLQJ��LL��KLJK�SUHVVXUH�
IRJJLQJ� �LLL�� UHIULJHUDWLRQ� FRROLQJ� �LY�� DEVRUSWLRQ�
FKLOOHU� FRROLQJ�� (YDSRUDWLYH� FRROLQJ�PHWKRGV� DUH�
PRVW�HIIHFWLYHO\�DSSOLHG�LQ�KRW�DQG�GU\�DUHDV�WR�FRRO�
WKH�DPELHQW�WHPSHUDWXUH�QHDU�WR�WKH�ZHW�EXOE�WHP-
SHUDWXUH��5HIULJHUDWLRQ�FRROLQJ�PHWKRGV�XVXDOO\�XVH�
WKH�PHFKDQLFDO�FKLOOHU��ZKLFK�DUH�UHODWLYHO\�VLPSOH�
DQG� UHOLDEOH� LQ� GHVLJQ� DQG� RSHUDWLRQ� EXW� UHTXLUH�
ODUJH�HOHFWULF�SRZHU��$EVRUSWLRQ�FRROLQJ�FDQ�UHFRYHU�
HQHUJ\�IURP�WKH�*7V�H[KDXVWV�EXW�DUH�FRPSOH[�V\V-
WHPV� UHTXLULQJ� H[SHUWLVH� LQ� GHVLJQ�� RSHUDWLRQ� DQG�
PDLQWHQDQFH��&RPSDUHG�ZLWK�WUDGLWLRQDO�YDSRU�FRP-
SUHVVLRQ�UHIULJHUDWLRQ�V\VWHP��MHW�UHIULJHUDWLRQ�KDV�D�
JRRG�DGYDQWDJH�RI�VLPSOLFLW\�LQ�FRQVWUXFWLRQ��LQVWDO-
ODWLRQ�DQG�PDLQWHQDQFH��0RUHRYHU��HMHFWRU�UHIULJHUD-
WLRQ�V\VWHP�FDQ�EH�GULYHQ�E\�ORZ�JUDGH�KHDW�ZLWKRXW�
FRQVXPLQJ�PHFKDQLFDO�HQHUJ\>��@��
� ,Q�WKLV�VWXG\��LW�LV�SURSRVHG�WR�FRRO�WKH�LQWDNH�DLU�
WKURXJK�WKH�MHW�UHIULJHUDWLRQ�GULYHQ�E\�ZDVWH�JDV�KHDW�
IURP�WKH�PLFUR�JDV�WXUELQH��7KH�SDSHU�LV�RUJDQL]HG�
DV� IROORZV�� WKH�0*7�&��� 6LPXOLQN�PRGHO� XQGHU�
DQDO\VLV�LV�SUHVHQWHG�DQG�WKH�HIIHFW�RI�WHPSHUDWXUH�
RQ�LWV�SHUIRUPDQFH�LV�GLVFXVVHG��UHSRUWV�WKH�GHVLJQ�
RI�WKH�MHW�UHIULJHUDWLRQ�V\VWHP�DQG�WKH�GHVFULSWLRQ�RI�

WKH�UHIULJHUDWLRQ�SHUIRUPDQFH��LOOXVWUDWHV�WKH�DSSOLHG�
UHVXOWV� RI� WKLV� FRROLQJ�PHWKRG�� ¿QDOO\� UHSRUWV� WKH�
FRQFOXGLQJ�UHPDUN�

2.  Description of the Inlet Air Cooling 
System

7KH�VFKHPDWLF�RI�WKLV�QRYHO�0*7�LQOHW�DLU�FRROLQJ�
V\VWHP�LV�SUHVHQWHG� LQ�)LJ����7KLV�V\VWHP�FRQVLVWV�
RI�WZR�SDUWV��MHW�UHIULJHUDWLRQ�V\VWHP�GULYHQ�E\�KHDW�
UHFRYHUHG�IURP�WKH�IXHO�JDV�DQG�PLFUR�JDV�WXUELQH�
&���V\VWHP��$LU� LV�FRPSUHVVHG�LQ�FRPSUHVVRU�DQG�
SDVVHV�WKURXJK�WKH�UHJHQHUDWRU��7KH�IXHO�LV�LQMHFWHG�
LQWR� WKH�FRPEXVWLRQ�FKDPEHU�DQG� LJQLWLRQ�RFFXUV��
7KH� IXHO� JDV� SDVVHV� WKURXJK� WKH� WXUELQH� EODGHV�
DQG�SURGXFH�DERXW����N:�SRZHU��7KH�KRW�IXHO�JDV�
LQFUHDVH�WKH�UHIULJHUDQW�WHPSHUDWXUH�DQG�WUDQVIRUP�LW�
LQWR�VDWXUDWHG�VWHDP�WR�GULYH�WKH�MHW�UHIULJHUDWLRQ�V\V-
WHP�WR�ZRUN��7KH�LQOHW�DLU�SDVV�WKURXJK�WKH�UHIULJHUD-
WLRQ�HYDSRUDWRU�SDUW�DV�DLU�FRROHU�EHIRUH�JDV�WXUELQH�
LQWDNH�UHGXFLQJ�WHPSHUDWXUH�DQG�HQKDQFLQJ�WKH�SHU-
IRUPDQFH�RI�0*7�XQGHU�KLJK�DPELHQW�WHPSHUDWXUH�
FRQGLWLRQ�

Fig.1  Schematic of ejector refrigeration inlet air cooling driven by waste heat from MGT
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3. The MGT system
3.1 MGT Plant C30
7KH�PDFKLQH�FKRVHQ�IRU�WKH�DQDO\VLV�ZDV�D�&DSVWRQH�
&��� EDVHG� RQ� D� UHJHQHUDWLYH�%UD\WRQ� F\FOH��7KLV�
V\VWHP�ZDV�GLYLGHG�LQWR�¿YH�PDLQ�SDUWV��FRPSUHVVRU��
UHJHQHUDWRU��FRPEXVWLRQ��WXUELQH��URWRU��(DFK�FRP-
SRQHQW�LV�GHVFULEHG�LQGLYLGXDOO\�

Table 1  Parameters of MGT C30

)XHO 1DWXUDO�JDV
3RZHU ����N:
(OHFWULFDO�(I¿FLHQF\ ���
([KDXVW�7HPSHUDWXUH ����&
([KDXVW�*DV�)ORZ ����NJ�V
1HW�+HDW�5DWH�/+9 �����0-�N:K

Nominal full power performance at ISO conditions: 59˚F, 14.696 psia, 
60% RH

� 7KH�HIIHFWV�RQ�WKH�HQWURS\�WHPSHUDWXUH�GLDJUDP�
RI� WKH� PLFUR� JDV� WXUELQH� XWLOL]LQJ� D� UHJHQHUDWRU�
LV�SUHVHQWHG� LQ�)LJ����$LU�DW�DPELHQW�FRQGLWLRQV� LV�
GUDZQ� LQWR� WKH� FRPSUHVVRU��ZKHUH� LWV� WHPSHUDWXUH�
DQG�SUHVVXUH�DUH�UDLVHG��a-b���7KH�KLJK�SUHVVXUH�DLU�
OHDYLQJ�WKH�FRPSUHVVRU�FDQ�EH�KHDWHG�E\�WUDQVIHUULQJ�
KHDW�WR�LW�IURP�WKH�KRW�H[KDXVW�JDVHV�LQ�UHJHQHUDWRU�
�b-c���7KH�DLU�SURFHHGV�LQWR�WKH�FRPEXVWLRQ�FKDPEHU��
ZKHUH�WKH�IXHO�LV�EXUQHG�DW�FRQVWDQW�SUHVVXUH��c-d���

7KH�UHVXOWLQJ�KLJK�WHPSHUDWXUH�JDVHV�WKHQ�HQWHU�WKH�
WXUELQH��ZKHUH�WKH\�H[SDQG�WR�WKH�DWPRVSKHULF�SUHV-
VXUH�ZKLOH�SURGXFLQJ�SRZHU��d-e���7KH�H[KDXVW�JDVHV�
OHDYLQJ�WKH�WXUELQH�DUH�WKURZQ�RXW��e-f���$V�DPELHQW�
WHPSHUDWXUH�Ta�GHFUHDVHV�WKH�F\FOH��a’-b’-c’-d’-e-f’��
LV�VKRZQ�LQ�)LJ����WKH�0*7�SRZHU�RXWSXW�LQFUHDVHV�

3.2 Gas Turbine Model Analysis and simulation
7KH�PLFUR�JDV�WXUELQH�&���ZDV�GHYHORSHG�ZLWK�0DW-
ODE�6LPXOLQN�VRIWZDUH��7KH�HDFK�FRPSRQHQW¶V�PDWK-
HPDWLFDO�PRGHO�DQG�VROYLQJ�SURFHGXUH�DUH�GHVFULEHG�
DV�IROORZV�
����&RPSUHVVRU�
7KH� FHQWULIXJDO� FRPSUHVVRU� LQ� GHVLJQ� FRQGLWLRQ�
ZDV�PRGHOOHG�XVLQJ�WKH�QRPLQDO�SUHVVXUH�UDWLR�ȕ c��
WKH�DLU�PDVV�ÀRZ�UDWH�ma��LQOHW�DLU�WHPSHUDWXUH�Ta��
DLU�DGLDEDWLF�H[SRQHQW�ka��DLU�VSHFL¿F�KHDW�FDSDFLW\�
cp,a� ������kJ/�kg·k���7KH�WHPSHUDWXUH�Tb�DW�WKH�RXW�
RI� WKH� FRPSUHVVRU� DQG� WKH�SRZHU� FRQVXPSWLRQ�Pc 
FDQ�EH�FDFXODWHG�E\�PHDQV�(TV�����DQG�����
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Fig.2  T-s diagram of micro gas turbine under different 
ambient temperature
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Table2  List of data input for the model
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 $�6LPXOLQN�PRGHO�ZDV�GHYHORSHG�ZLWK�WKH�WKHU-
PRG\QDPLF�F\FOH�SURFHVV�DQG�SDUDPHWHUV�RI� HDFK�
FRPSRQHQW��7KH�PRGHO�VKRZQ�LQ�)LJ���FRQVLVWV�RI�
FRPSUHVVRU�� WXUELQH�� UHJHQHUDWRU�� FRPEXVWLRQ� DQG�
JHQHUDWRU��7KH�DLP�LV�WR�VKRZ�WKH�HIIHFW�RI�LQOHW�DLU�
WHPSHUDWXUH�RQ�&���SRZHU�RXWSXW�E\�UHDO�WLPH�LQSXW�
IURP���WR����UHSUHVHQW�WKH�VLPXODWLRQ�LQOHW�DLU�WHP-
SHUDWXUH�YDOXH���
� 6LPXODWLRQ�SHUIRUPDQFH� UHVXOWV� IRU� WKH� LQOHW�DLU�
WHPSHUDWXUH� VORZ� LQFUHDVH� IRU� WKH�0*7� &��� DUH�
UHSUHVHQWHG�LQ�)LJ������WKH�FRPSDULVRQ�RI�WKH�VLOPX-
ODWLRQ�GDWD�DQG�H[SHULPHQWDO�UHVXOWV�XQGHU�GLIIHUHQW�
LQOHW�DLU�WHPSHUDWXUH��)LJ��
� )LJ��� UHSRUWV� WKH� HOHFWULFDO� SRZHU� RXWSXW� DV� D�
IXQFWLRQ�RI�WKH�LQOHW�DLU�WHPSHUDWXUH��7KH�EOXH�GRWV�
UHIHU�WR�WKH�H[SHULPHQWDO�GDWD�FDUULHG�RXW�XQGHU�GLI-
IHUHQW�DPELHQW�FRQGLWLRQV��7KH�EODFN�OLQH�UHIHUV�WR�
WKH� VLPXODWLRQ� UHVXOWV�� ,W� LV� FOHDUO\� YLVLEOH� LQ� WKH�
GDWD� VHULHV� VKRZLQJ� SRZHU� RXWSXW� GHFUHDVH� WUHQG�
ZLWK� WKH� LQFUHDVLQJ� LQOHW� DLU� WHPSHUDWXUH�� �([SHUL-
PHQW�GDWD�VKRZV� WKDW�DERXW�����N:�SRZHU�RXWSXW�
GURS�IRU�HYHU\���.�WHPSHUDWXUH�LQFUHDVH��6LPXODWLRQ�
GDWD�KDV�D�VLPLODU�WUHQG�RI�����N:�.��([SHULPHQWDO�
GDWD�VKRZV�LQOHW�DLU�WHPSHUDWXUH�KDV�D�JUHDWHU�HIIHFW�
RQ�SRZHU�RXWSXW� WKDQ�VLPXODWLRQ�FRQGLWLRQ��0LFUR�
JDV�WXUELQH�&���RXWSXW�GHFUHDVHV�VKDUSO\�XQGHU�WKH�
KLJK� DPELHQW� WHPSHUDWXUH�� SRZHU� FDQ� RQO\� UHDFK�
�����N:�DW� WKH� LQOHW� DLU� WHPSHUDWXUH�RI��������&��
DERXW��������UHGXFWLRQ�FRPSDUHG�ZLWK�WKH�,62�FRQ-
GLWLRQ�
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Fig.3  Simulation model of MGT C30 built by Simulink

Fig.4  C30 Compressor simulation power consumpation Fig.5  C30 turbine power output simulation

Fig.6  Comparison of inlet air 
temperature influence on micro gas 
turbine performance by simulation and 
experiment data
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4. The Ejector Cooling System 
7KHUH�DUH� WKUHH�PDLQ� W\SHV�RI�KHDW�GULYHQ�FRROLQJ�
WHFKQRORJLHV�� DEVRUSWLRQ�� DGVRUSWLRQ� DQG� HMHFWRU�
UHIULJHUDWLRQ��-HW�UHIULJHUDWLRQ�KDV�D�JRRG�DGYDQWDJH�
RI�VLPSOLFLW\�LQ�FRQVWUXFWLRQ��LQVWDOODWLRQ�DQG�PDLQWH-
QDQFH��ZKLFK�FDQ�EH�GULYHQ�E\�ORZ�JUDGH�KHDW�VRXUFH�
VXFK�DV�VRODU�DQG�ZDVWH�LQGXVWULDO�KHDW�DQG�HQDEOHV�
WKH�UHGXFWLRQ�RI�WKH�PHFKDQLFDO�ZRUN�UHTXLUHPHQW�
>�����@�

���� 'HVFULSWLRQ� RI� WKH� (MHFWRU� 5HIULJHUDWLRQ�
Cycle
$�HMHFWRU� UHIULJHUDWLRQ� V\VWHP�HPSOR\V� DQ� HMHFWRU�
WR� IXO¿OO� WKH� IXQFWLRQ�RI� D� FRPSUHVVRU��ZKLFK� FDQ�
EH�VHHQ�LQ�)LJ����7KLV�PDLQO\�FRQVLVWV�RI�IRXU�SDUWV��
SULPDU\�QR]]OH��VXFWLRQ�FKDPEHU��PL[�FKDPEHU�DQG�
GLIIXVHU��7KH�KLJK�SUHVVXUH�KRW�UHIULJHUDQW�JDV�IURP�
WKH� JHQHUDWRU� HQWHUV� WKH� SULPDU\� QR]]OH�� H[SDQGV��
DFFHOHUDWHV�DQG�UHDFKHV�WKH�VXSHUVRQLF�VWDWH��$W�WKH�
H[LW�RI�WKH�QR]]OH�� WKH�KLJK�YHORFLW\�JDV�HQWHUV�WKH�
VXFWLRQ�FKDPEHU��FUHDWLQJ�DQ�DUHD�RI� ORZ�SUHVVXUH�
DW�WKH�VHFRQGDU\�HQWUDQFH�RI�WKH�HMHFWRU�LQWR�ZKLFK�

WKH�ÀXLG�IURP�WKH�HYDSRUDWRU�LV�HQWUDLQHG��7KH�WZR�
ÀXLG�EHJLQ�WR�PL[�LQ�WKH�PL[LQJ�FKDPEHU�XQGHUJRHV�
D�VKRFN�DQG�LQFUHDVH�WKH�VWDWLF�SUHVVXUH�DQG�EHFRPH�
VXEVRQLF��7KHQ�WKH�PL[�ÀXLG�ÀRZV�LQWR�WKH�GLIIXVHU�
ZLWK�DQ�DGGLWLRQDO�SUHVVXUH�OLIW��WKH�ÀRZ�¿QDOO\�GLV-
FKDUJHV�LQWR�WKH�FRQGHQVHU�DQG�EHFRPHV�ÀXLG�VWDWH�
� $Q�HMHFWRU�UHIULJHUDWLRQ�F\FOH� LV�D� WKHUPR�FRP-
SUHVVRU� F\FOH�� WKH� FRPSUHVVRU� HIIHFW� LV� DFKLHYHG�
XVLQJ�ORZ�JUDGH�KHDW�VRXUFH�VXSSOLHG�WR�JHQHUDWRU��
)LJ���VKRZV�D�VFKHPDWLF�GLDJUDP�RI�WKH�MHW�UHIULJ-
HUDWLRQ� V\VWHP�� FRQVLVWLQJ� RI� HMHFWRU�� FRQGHQVHU��
HYDSRUDWRU�� JHQHUDWRU� DQG� D� FLUFXODWLRQ� SXPS��$V�
LV�VKRZQ�LQ�)LJ���WKH�PL[HG�ÀXLG�GLVFKDUJHG�IURP�
HMHFWRU�EHFRPHV�FRQGHQVHU�ÀXLG�E\�UHMHFWLQJ�KHDW�WR�
HQYLURQPHQW��2QH�SDUW�RI�WKH�PL[HG�ÀXLG�HQWHU�WKH�
HYDSRUDWRU�DIWHU�SDVVLQJ�WKURXJK�WKH�WKURWWOH�YDOXH��
ZKHUH� LW� HYDSRUDWHV� DQG� SURGXFH� WKH� UHIULJHUDWLQJ�
HIIHFW����������7KH�RWKHU�SDUW�LV�OLIWHG�WR�WKH�JHQHUDWRU�
YLD�WKH�SXPS�DQG�EH�YDSRUL]HG�E\�WKH�GHOLYHUHG�KHDW�
HQHUJ\�WKHQ�WKH�KLJK�SUHVVXUH�YDSRU�HQWHU� LQWR� WKH�
HMHFWRU�DJDLQ����������7KH�WZR�SDUWV�RI�ÀXLG�PL[�LQ�
WKH�HMHFWRU��FRPSOHWH�WKH�F\FOH�

Fig.7  Schematic view of ejector structure

Fig.8  Ejector refrigeration cooling cycle
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����0DWKHPDWLFDO�0RGHOLQJ� DQG�3HUIRUPDQFH�
Criteria
7KH�FRHI¿FLHQW�RI�SHUIRUPDQFH��&23��FDQ�EH�GH¿QHG�
DV�WKH�UDWLR�RI�WKH�UHIULJHUDWLQJ�FDSDFLW\�WR�WKH�KHDW�
VXSSO\�WR�WKH�JHQHUDWRU
� 7KH�FRROLQJ�FDSDFLW\�REWDLQHG�DW�WKH�HYDSRUDWRU�LV�
GHWHUPLQHG�DV�IROORZV�
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� 7KH� HMHFWRU� SHUIRUPDQFH� VLPXODWLRQ� LV� FDUULHG�
RXW�EDVHG�RQ�WKH�RQH�GLPHQVLRQDO�FRQVWDQW�SUHVVXUH�
PRGHO��+XDQJ>�����@�SRVWXODWHG�D�RQH�GLPHQVLRQDO�
PRGHO� WR� DQDO\]H� WKH� HMHFWRU� SHUIRUPDQFH��ZKLFK�

VKRZV�D�JRRG�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�GDWD��
5���E�VKRZV�D�JRRG�SHUIRUPDQFH�FRPSDUHG�ZLWK�
PRVW�UHIULJHUDQW��ZKLFK�KDYH�EHHQ�FHUWL¿HG�E\�PDQ\�
UHVHDUFKHUV>�����������@��LQ�DGGLWLRQ�WKH�FRQGHQVHU�
SUHVVXUH�RI�5���E�LV�FORVHO\�WR�WKH�DPELHQW�FRQGL-
WLRQ� DQG�ZH� VHOHFWHG�5���E� DV� WKH�ZRUN� UHIULJHU-
DQW�� 7R� REWDLQ� WKH� V\VWHP� &23�� D� FRPSXWDWLRQDO�
SURFHGXUH�EDVHG�RQ�&���ZLWK�LWHUDWLRQ�SURFHVV�ZDV�
GHYHORSHG�WR�FDOFXODWH�WKH�HQWUDLQPHQW�UDWLR�Ȧ DQG�
WKH�UHIULJHUDQW�SURSHUWLHV�ZHUH�WDNHQ�IURP�WKH�1,67�
GDWDEDVH>��@��,Q�WKH�UHVHQW�DQDO\VLV��HI¿FLHQFLHV�RI�
SULPDU\�QR]]OH��VHFRQGDU\�QR]]OH�DQG�GLIIXVHU�ZHUH�
VHOHFWHG�DV�Șp �����Șs �����Șd ����VXJJHVWHG>��@�
 )LJ����D���E��VKRZ�WKH�HIIHFWV�RI�HYDSRUDWRU�WHP-
SHUDWXUH� RQ� HQWUDLQPHQW� UDWLR Ȧ� DQG� &23� XQGHU�
GLIIHUHQW�JHQHUDWRU�WHPSHUDWXUH�ZLWK�D�FRQGHQVHU�WHP-
SHUDWXUH�����&��$Q�LQFUHDVH�LQ�WKH�Te OHDGV�WR�D�ULVH�LQ�
ERWK Ȧ�DQG�&23��7KLV�LV�EHFDXVH�UHIULJHUDQW�5���E�
VDWXUDWHG�HYDSRUDWLRQ�SUHVVXUH�LQFUHDVHV�ZLWK�WKH�FRU-
UHVSRQGLQJ�HYDSRUDWRU�WHPSHUDWXUH�LQFUHDVLQJ��OHDGV�
WR�WKH�LQFUHDVH�RI�WKH�PL[HG�ÀRZ�SUHVVXUH�LQ�HMHFWRU�
PL[�FKDPEHU��7KH�ULVH�RI�SUHVVXUH�GLIIHUHQFH�EHWZHHQ�
WKH�PL[LQJ�FKDPEHU�DQG�WKH�GLIIXVHU�RXWOHW��OHDGLQJ�WR�
D�KLJKHU�HQWUDLQPHQW�UDWLR Ȧ�DQG�LPSURYLQJ�WKH�FRHI-
¿FLHQF\�RI�UHIULJHUDWLRQ�SHUIRUPDQFH�
� )LJ���� �D���E�� VKRZ� WKH� HIIHFWV� RI� FRQGHQVHU�
WHPSHUDWXUH�RQ�HQWUDLQPHQW�UDWLR�Ȧ DQG�&23�XQGHU�
GLIIHUHQW� HYDSRUDWRU� WHPSHUDWXUH� ZLWK� D� JHQHUD-
WRU� WHPSHUDWXUH�����&��$Q�LQFUHDVH�LQ� WKH�Tc OHDGV�
WR�D�GHFUHDVH� LQ�ERWK�Ȧ DQG�&23��7KLV� LV�EHFDXVH�
UHIULJHUDQW� 5���E� VDWXUDWHG� FRQGHQVHU� SUHVVXUH�
LQFUHDVHV�ZLWK�WKH�FRUUHVSRQGLQJ�FRQGHQVHU�WHPSHU-
DWXUH�LQFUHDVLQJ��7KH�GHFUHDVLQJ�SUHVVXUH�GLIIHUHQFH�
EHWZHHQ�WKH�PL[LQJ�FKDPEHU�DQG�WKH�GLIIXVHU�RXWOHW��
OHDGV�WR�D�GHFUHDVH�ERWK�Ȧ DQG�WKH�FRHI¿FLHQF\�RI�
UHIULJHUDWLRQ�SHUIRUPDQFH�

5. Case Study
7R�JHW�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LQOHW�DLU�SURFHVV��
RQH�RIWHQ� UHIHUV� WR� WKH�SV\FKRPHWULF�FKDUW��)LJ����
LOOXVWUDWHV�WKH�YDULRXV�SV\FKRPHWULF�SURFHVVHV�DSSOL-
FDEOH�WR�DQ�LQOHW�DLU�FRROLQJ�XQLW>����@��(YDSRUDWLYH�
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FRROLQJ�LV�EDVHG�RQ�WKH�HYDSRUDWLRQ�RI�ZDWHU�LQ�WKH�
LQWDNH�DLU�RI�WKH�JDV�WXUELQH��$V�ZDWHU�HYDSRUDWHV��WKH�
ODWHQW�KHDW�RI�HYDSRUDWLRQ�LV�DEVRUEHG�IURP�WKH�VXU-
URXQGLQJ�DLU��$V�D�UHVXOW��WKH�DLU�LV�FRROHG�XQGHUJRHV�
WKH�FRQVWDQW�HQWKDOS\�KXPLGL¿FDWLRQ�SURFHVV��(YDS-
RUDWLYH�FRROLQJ�LV�PRVW�VXLWHG�WR�KRW�GU\�DUHDV�DV�LW�
XVHV�WKH�ODWHQW�KHDW�RI�YDSRUL]DWLRQ�WR�FRRO�DPELHQW�
WHPSHUDWXUH�IURP�WKH�GU\�EXOE�WR�WKH�ZHW�EXOE�WHP-

SHUDWXUH��5HIULJHUDWLRQ�FRROLQJ�FDQ�UHDFK�D�FRROLQJ�
WHPSHUDWXUH�EHORZ�WKH�ZHW�EXOE��¿UVW�WKH�DLU�WHPSHU-
DWXUH�GURSV�ZKLOH�WKH�UHODWLYH�KXPLGLW\�FRQWLQXHV�WR�
ULVH�XQWLO�LWV�GHZ�SRLQW�WHPSHUDWXUH�LV�UHDFKHG��D�E���
$�IXUWKHU�FRROLQJ�SURFHVV�E�F��FRQWLQXHV�UHPRYLQJ�
WKH�ODWHQW�KHDW�RI�WKH�FRQGHQVDWLRQ�RI�WKH�ZDWHU�LQ�WKH�
DLU�XQWLO�LW�UHDFKHV�WKH�GHVLUHG�WHPSHUDWXUH�SRLQW�F���
� 7KH�WRWDO�UHIULJHUDWLQJ�FRROLQJ�ORDG�LQFOXGHV�WKH�VHQ-

Fig.9  Effect of evaporator temperature on the system performance for Tc=30°C

Fig.10  Effect of condenser temperature on the system performance for Tg=90°C
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Fig.11  The air cooling process on psychometric chart �
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Fig.12  Hourly meteorological parameters from June to 
Septermber in Shanghai

Fig.13  Cooling load variation from June to September
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� &RROLQJ�ORDG�RI�0*7�&���YDULDWLRQ�IURP�-XQH�WR�
6HSWHPEHU�FDQ�EH�VHHQ�LQ�)LJ�����7KH�DYHUDJH�GDLO\�
PD[LPXP�KRXUO\�FRROLQJ�ORDG�������N:�RFFXUV�DW�
�����30�LQ�-XO\�ZLWK�DYHUDJH�GU\�WHPSHUDWXUH����&��
5HFRYHULQJ�SDUW�KHDW�IURP�WKH�ZDVWH�JDV�GULYLQJ�WKH�
HMHFWRU� UHIULJHUDWLRQ� WR�ZRUN� FDQ� UHDOO\� FRYHU� WKH�
FRROLQJ�ORDG�XQGHU�WKH�GHVLJQ�FRQGLWLRQ�RI�HYDSRUD-
WLYH�WHPSHUDWXUH����&��JHQHUDWRU�WHPSHUDWXUH����&��
WKH� FDOFXODWLRQ�COP �������$V� WKH� LQOHW� DLU� WHP-
SHUDWXUH�LQFUHDVH��WKH�H[SHULPHQWDO�UHVXOWV�DQDO\VLV�
VKRZ�WKDW�WKH�SRZHU�RXWSXW�RI�&���GURS������N:�.��
$VVXPLQJ� WKH� HYDSRUDWLYH� HIIHFWLYH� LV� ����� )LJ����
VKRZV�WKH�WHFKQLFDO�UHVXOWV�REWDLQHG�ZLWK�WKH�DSSOL-
FDWLRQ�RI�HYDSRUDWLYH�DQG�HMHFWRU�UHIULJHUDWLQJ�FRRO-
LQJ�PHWKRGV�
� (YDSRUDWLYH�FRROLQJ�PHWKRG�JHQHUDOO\�KDV�D�JRRG�
HIIHFW� GXULQJ�6HSWHPEHU�GXH� WR� WKH� UHODWLYHO\� ORZ�
WHPSHUDWXUH�DQG�KXPLGLW\�ZHDWKHU�FRQGLWLRQ�DQG�WKH�
WRWDO�SRZHU�DXJPHQW�FDQ�LQFUHDVH�������7KH�SRZHU�

DXJPHQW� EHFRPH� VOLJKWO\� ZLWK� WKH� LQFUHDVLQJ� RI�
WHPSHUDWXUH�DQG�KXPLGLW\�ZLWK�HYDSRUDWLYH�FRROLQJ��
+RZHYHU��MHW�UHIULJHUDWLRQ�FRROLQJ�PHWKRG�VKRZV�D�
JRRG�LQOHW�DLU�FRROLQJ�SHUIRUPDQFH��WKH�WRWDO�SRZHU�
PRQWKO\�DXJPHQW�FDSDFLW\�FDQ�UHDFK��������������
LQ� -XO\� DQG�$XJXVW� UHVSHFWLYHO\��$FFRUGLQJ� WR� WKH�
UHVXOWV��WKH�HMHFWRU�UHIULJHUDWLQJ�FRROLQJ�PHWKRG�KDV�
D�JRRG�DGYDQWDJH�RYHU�HYDSRUDWLYH�FRROLQJ�PHWKRG�
RQ�JDV�WXUELQH�SRZHU�DXJPHQW�XQGHU�KLJKHU�WHPSHU-
DWXUH�DQG�KXPLG�ZHDWKHU�FRQGLWLRQ�

6. Conclusion
$�WKHUPRG\QDPLF�DQDO\VLV�RI�0*7�&���MHW�UHIULJ-
HUDWLRQ�LQOHW�DLU�FRROLQJ�GULYHQ�E\�UHFRYHULQJ�ZDVWH�
JDV�KHDW�V\VWHPV�KDV�EHHQ�FDUULHG�RXW��7KH�UHVXOWV�RI�
WKH�FDOFXODWLRQ�VXJJHVW�WKH�IROORZLQJ�FRPPHQWV�
� 7KH� SHUIRUPDQFH� RI� 0*7� &��� LV� SDUWLFXODUO\�
VHQVLEOH�WR�WKH�DPELHQW�LQOHW�DLU�WHPSHUDWXUH�ZKRVH�
LQFUHDVH� GHWHUPLQHV� D� VLJQL¿FDQW� ORVV� ����� N:� LQ�
WHUPV� RI� H[SHULPHQWDO� SHUIRUPDQFH�� HYHQ� KLJKHU�
WKDQ�WKDW�RI�ODUJH�VL]HG�*7V�DV�GRFXPHQWHG�LQ�VHY-
HUDO�ZRUNV��0RGHOLQJ� DQG� VLPXODWLRQ� RI�&���ZDV�
GHYHORSHG�ZLWK�0DWODE�6LPXOLQN��WKH�SRZHU�RXWSXWV�
RI�WXUELQH�UHGXFH�PXFK�JUHDWHU�FRPSDUHG�ZLWK�WKH�
ZRUN� FRQVXPSWLRQ� RI� FRPSUHVVRU�� OHDGLQJ� WR� WKH�
GHFUHDVH� RI� QHW� SRZHU� RXWSXW�� VLPXODWLRQ� UHVXOWV�
KDYH�D�JRRG�DJUHHPHQW�ZLWK�H[SHULPHQWDO�GDWD�
� 7KH� HIIHFW� RI� VRPH�PDLQ�SDUDPHWHUV� RQ� HMHFWRU�
UHIULJHUDWLRQ� SHUIRUPDQFH� ZLWK� UHIULJHUDQW� 5���E�
ZDV�LQYHVWLJDWHG��&23�LQFUHDVHG�ZLWK�ERWK�LQFUHDVLQJ�
JHQHUDWRU�DQG�HYDSRUDWRU�WHPSHUDWXUH��DQG�GHFUHDVHG�
ZLWK�FRQGHQVHU�WHPSHUDWXUH��+HDW�UHFRYHUHG�IURP�WKH�
H[KDXVW�JDV�GULYHV�WKH�HMHFWRU�UHIULJHUDWLRQ�WR�FRROLQJ�
WKH�LQOHW�DLU��WKH�SHUIRUPDQFH�RI�WKH�HMHFWRU�UHIULJHUD-
WLRQ�LV�REWDLQHG�WKURXJK�QXPHULFDO�FDOFXODWLRQ�XQGHU�
GLIIHUHQW�FRQGLWLRQV��ZKLFK�FDQ�UHDOO\�FRYHU�WKH�LQOHW�
DLU�FRROLQJ�ORDG�XQGHU�GHVLJQ�FRQGLWLRQ�
� &RROLQJ�HIIHFW�FRPSDULVRQ�EHWZHHQ�HYDSRUDWLYH�
DQG�UHIULJHUDWHG�FRROLQJ�PHWKRGV�ZDV�FDUULHG�RXW�LQ�
6KDQJKDL�FLW\��(MHFWRU�UHIULJHUDWLQJ�FRROLQJ�PHWKRG�
GULYHQ�E\�ZDVWH�JDV�KDV�REYLRXV�DGYDQWDJH�XQGHU�
KLJK�WHPSHUDWXUH�DQG�KHDY\�KXPLGLW\�HQYLURQPHQW�
FRQGLWLRQ�

Fig.14  Comparison power augment performance with 
different cooling methods �
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