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ABSTRACT

6LQFH�WKH�LQGXVWULDO�UHYROXWLRQ��LQGXVWULHV�KDYH�EHHQ�JURZLQJ
UDSLGO\� LQ�DOO� WKH� ILHOGV��:LWK� WKH� UDSLG�GHYHORSPHQW� HFRQRPLFDO
HIILFLHQF\� KDV� EHHQ� HPSKDVL]HG�� DQG� HFRQRPLFDO� PDQXIDFWXULQJ
PHWKRG� KDV� EHHQ� UHVHDUFKHG� DEURDG�� 2QH� RI � WKH� HFRQRPLFDO
DVSHFWV�RI �PDQXIDFWXULQJ� LV� VDWLVI\LQJ� WKH� FXVWRPHU·V� QHHG�ZLWK
WKH� OHDVW� SURGXFWLRQ� FRVW�� 7KH� GHVLJQ� RI � D� SURGXFW� LV� WKH�PRVW
LPSRUWDQW�IDFWRU� LQ�WKH�HFRQRPLFDO�HIILFLHQF\��$�EDG�GHVLJQ�ZLOO
UHVXOW� LQ� KLJK� FRVW� DQG� ORQJ� SURGXFWLRQ� WLPH� ZLWK� ORZ� TXDOLW\�
6XFK�UHVXOW�FRPHV�IURP�WKH�GHVLJQHU·V� ODFN�RI �XQGHUVWDQGLQJ�RI
WKH� SURGXFW� DQG� VXEMHFWLYH� GHVLJQ� GHFLVLRQV�� 'HVLJQ� HUURUV� DUH
XVXDOO\�RFFXUV�LQ�WKH�PDWHULDOL]DWLRQ�RI �WKH�LGHDV�

.H\ZRUGV��axioms, design, new-concept, air-compression

1 INTRODUCTION

)RU�FHQWXULHV��KXPDQ�EHLQJ�KDV�EHHQ�XVLQJ� DLU� LQ� HYHU\�GD\
OLIH� IRU� D� SRZHU� VRXUFH� LQ� VXFK� H[DPSOHV� DV� ZLQGPLOOV� DQG
VDLOERDWV��+RZHYHU�� LW� KDV� QRW� EHHQ� ORQJ� VLQFH� WKH� SULQFLSOHV� RI
SUHVVXUL]HG� DLU� ZHUH� V\VWHPDWLFDOO\� VWXGLHG� LQ� XVLQJ� WKH� DLU� IRU
HQJLQHHULQJ� SXUSRVHV�� ,Q� WKH� PRGHUQ� LQGXVWULDO� VRFLHW\�� WKH
GHYHORSPHQW� RI � DXWRPDWLRQ� KDV� UHSODFHG� PDQSRZHU� WR� RWKHU
VRXUFHV� RI � SRZHU�� DQG� RQH� RI � WKHVH� VRXUFHV� LV� WKH� XVH� RI � WKH
SUHVVXUL]HG�DLU��$LU� LV�QRW�D�FKHDS�VRXUFH�RI �SRZHU� VLQFH� WKH� DLU
KDV� WR� EH� SUHVVXUL]HG�� HOLPLQDWH�PRLVWXUH�� ILOWHUHG�� WKHQ� FRROHG�
+RZHYHU�� LW� LV� D� XVHIXO� HQHUJ\� VRXUFH� VLQFH� PDFKLQHV� XVLQJ
FRPSUHVVHG�DLU�KDYH�YHU\�KLJK�HIILFLHQF\��7RGD\�� D�QHZ� FRQFHSW
LQ�WKH�XVH�RI �JDV�KDV�EHHQ�XWLOL]HG� IRU� OXEULFDWLRQ��$LU� OXEULFDQW
EHDULQJ�LV�ZLGHO\�XVHG�LQ�WKH�LQGXVWULHV�IRU�KLJK�VSHHG�PDFKLQHV�

7KH�SXUSRVH�RI �WKLV�SDSHU�LV�WR�VKRZ�D�PHWKRG�RI �UHGXFLQJ
WKH� HOHPHQWV� WKDW� WKH� GHVLJQHU� KDV� WR� FRQVLGHU� E\� LQWHJUDWLQJ
YDULRXV�IXQFWLRQV� LQWR� D�SURGXFW�RU� D�SDUW� LQ� WKH� LQLWLDO� VWDJH�RI
GHVLJQ��7KH�QHZ�PHWKRG� XVHV� D[LRPDWLF� DSSURDFK� LQ� LPSURYLQJ
SURGXFWLRQ�HIILFLHQF\�DQG�GHYHORSPHQW�WLPH�

2 AXIOMATIC APPROACH

'HVLJQ� LV� DWWDLQHG� E\� WKH� LQWHUDFWLRQV� EHWZHHQ� WKH� JRDO� RI
WKH�GHVLJQHU�DQG�WKH�PHWKRG�XVHG�WR�DFKLHYH�WKH�JRDO��7KH�JRDO
WKH�GHVLJQ� LV�DOZD\V�SURSRVHG� LQ� WKH� IXQFWLRQDO�GRPDLQ�� DQG� WKH
PHWKRG�RI �DFKLHYLQJ�WKH�JRDO�LV�SURSRVHG�LQ�WKH�SK\VLFDO�GRPDLQ�

'HVLJQ�SURFHVV�LV�WKH�PDSSLQJ�RU�DVVLJQLQJ�UHODWLRQVKLS�EHWZHHQ
WKH�GRPDLQV�IRU�DOO�WKH�OHYHOV�RI �GHVLJQ�

'HVLJQ�FDQ�EH�GHILQHG�DV�WKH�PDWHULDOL]DWLRQ�RI �D�SURGXFW�RU
D� SURFHVV� WKDW� VDWLVILHV� WKH� IXQFWLRQDO� UHTXLUHPHQW� RI � WKH
GHVLJQHU�� 7KH� SURFHVV� LQYROYHV� WKH� PDSSLQJ� RI � WKH� IXQFWLRQDO
UHTXLUHPHQW�RI �WKH�IXQFWLRQDO�GRPDLQ�WR�WKH�GHVLJQ�SDUDPHWHU�RI
WKH� SK\VLFDO� GRPDLQ�� 0DSSLQJ� LV� VHOHFWLQJ� DSSURSULDWH� GHVLJQ
SDUDPHWHU� WKDW� VDWLVILHV� WKH� IXQFWLRQDO� UHTXLUHPHQW�� � 0DSSLQJ
GRHV� QRW� KDYH� DQ� DEVROXWH� DQG� GHILQLWH� VROXWLRQ�� VR� PRUH� WKDQ
RQH� GHVLJQ� FDQ� EH� GUDZQ� IURP� VDPH� VHW� RI � IXQFWLRQDO
UHTXLUHPHQW��$[LRPDWLF� DSSURDFK�KHOSV� WKH� GHVLJQHU� FKRRVH� WKH
EHVW� GHVLJQ� DPRQJ� LQILQLWH� QXPEHU� RI � GHVLJQV� WKDW� VDWLVI\� WKH
IXQFWLRQDO� UHTXLUHPHQWV� E\� JLYLQJ� REMHFWLYH� GHVLJQ� D[LRPV� WKDW
FDQ�EH�XVHG�WR�FUHDWH�RU�HYDOXDWH�GHVLJQV�

$V� WKH� IXQFWLRQDO� UHTXLUHPHQWV� EHFRPH� GLYHUVH�� VDWLVI\LQJ
WKH� UHTXLUHPHQWV� EHFRPH� PRUH� GLIILFXOW�� 7KHUHIRUH�
FRQFHQWUDWLQJ�RQ�WKH�IXQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�JLYHQ�VWDJH
RU� OHYHO�RI � WKH�GHVLJQ�SURFHVV� LV�QHFHVVDU\��0DQ\�GHVLJQHUV�PD\
IHHO� WKDW� D� SUREOHP� ZLWK� PDQ\� YDULDEOHV� LV� WRR� FRPSOLFDWHG�� $
JRRG�DQG�VNLOOHG�GHVLJQHU�FDQ�VRUW�WKH�SULPDU\�DQG�WKH�VHFRQGDU\
IXQFWLRQDO� UHTXLUHPHQWV� DQG� ZLOO� KDQGOH� HDFK� IXQFWLRQDO
UHTXLUHPHQW�DFFRUGLQJ�WR�WKH�SUHFHGHQFH�RI �LPSRUWDQFH�

7KH� D[LRPDWLF� GHVLJQ� FDQ� EH� GHILQHG� DV� 
WKH� SURFHVV� RI
GHVLJQLQJ� ZLWK� D� V\VWHPDWLF� PHWKRG� IRU� D� VDWLVIDFWRU\� SURGXFW
GHVLJQ
�� $� VDWLVIDFWRU\� GHVLJQ� LV� D� GHVLJQ� WKDW� VDWLVILHV� DOO� WKH
UHTXLUHPHQWV���7KHUHIRUH�WKH�UROH�RI �WKH�GHVLJQHU�LV�WR�VDWLVI\�WKH
GHVLJQ� UHTXLUHPHQWV� DQG� DW� WKH� VDPH� WLPH� DSSURSULDWHO\� GHILQH
WKH� GHVLJQ� UHTXLUHPHQWV�� 7KH� UHTXLUHPHQWV� RI � D� VDWLVIDFWRU\
GHVLJQ� LQ� WKH� D[LRPDWLF� DSSURDFK�FDQ�EH�GLYLGHG� LQWR� WZR� SDUWV�
)LUVW� LV� WKH� DSSURSULDWH� VHOHFWLRQ� RI � )5V�)XQFWLRQDO
5HTXLUHPHQWV�� DQG� '3V�'HVLJQ� 3DUDPHWHUV�� DQG� VHFRQG� LV� WKH
VDWLVIDFWLRQ� RI � )5V� DQG�'3V�� )5� FDQ� VLPSO\� EH� GHILQHG� DV� WKH

REMHFW�\RX�ZDQW�WR�DFKLHYH
�DQG�'3�DV�WKH�
PHDQV�WR�DFKLHYH�WKH
REMHFW
�

7KH� D[LRPDWLF� GHVLJQLQJ� SURFHVV� FDQ� EH� GHILQHG� DV� WKH
SURFHVV�RI �GHILQLQJ�WKH�UHODWLRQV�DPRQJ�VHYHUDO�ILHOGV�GHILQHG�DV
PDSSLQJ�� 7KH� GHVLJQLQJ� SURFHVV� FDQ� EH� FODVVLILHG� LQWR� WKH
IROORZLQJ� �� GRPDLQV� GHSHQGLQJ� RQ� WKH� GHVLJQHU
V� YLHZ� SRLQW�
&XVWRPHU� 'RPDLQ�� )XQFWLRQDO� 'RPDLQ�� 3K\VLFDO� 'RPDLQ� DQG
3URFHVV� 'RPDLQ�� ,Q� WKH� GHVLJQLQJ� SURFHVV� WKH� GHVLJQHU� ILUVW
VHOHFWV�WKH�IXQFWLRQDO�UHTXLUHPHQWV�WR�VDWLVI\�WKH�UHTXLUHPHQWV�RI
WKH� FXVWRPHU�� $QG� VHFRQGO\� WKH� GHVLJQHU� VHOHFWV� WKH� GHVLJQ
HOHPHQWV�WKDW�VDWLVI\�WKH�IXQFWLRQDO�UHTXLUHPHQWV��$QG�ILQDOO\�WKH
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GHVLJQHU� VHOHFWV� WKH� GHVLJQ� SDUDPHWHU� WKDW� FRPSRVHV� WKH� GHVLJQ
HOHPHQWV�WKDW�KDV�EHHQ�VHOHFWHG�

)XQFWLRQDO�UHTXLUHPHQW�LV�LQFOXGHG�LQ�WKH�IXQFWLRQDO�GRPDLQ�
6SHFLDO�PHWKRGV�WKDW�VDWLVI\�WKH�REMHFW�RI �WKH�GHVLJQ� VKRXOG�QRW
EH� GHILQHG� EHFDXVH� WKH� IXQFWLRQDO� UHTXLUHPHQW� LV� WKH� REMHFW� WR
DFKLHYH�� � 7KHUHIRUH� WKH� GHVLJQHU� VKRXOG� WKRURXJKO\� XQGHUVWDQG
WKH�SUREOHPV�LQ�WKH�IXQFWLRQDO�GRPDLQ�DQG� VKRXOG�QRW� OLPLW� DQ\
SRVVLEOH�VHOHFWLRQV�ZLWKRXW�D�VSHFLDO�UHDVRQ��&OHDUO\�GHILQLQJ� WKH
SUREOHP� LV� FORVHO\� UHODWHG� WR� GHILQLQJ� WKH� IXQFWLRQDO
UHTXLUHPHQWV��2Q� WKH�RWKHU�KDQG� WKH� GHVLJQHU� VKRXOG� VHOHFW� WKH
GHVLJQ� HOHPHQWV� LQ� WKH� SK\VLFDO� GRPDLQ� E\� VSHFLI\LQJ� WKH
IXQFWLRQDO�UHTXLUHPHQWV�SK\VLFDOO\�

7KH� RYHUDOO� DVSHFW� RI � WKH� GHVLJQ�FXVWRPHU� UHTXLUHPHQW�
IXQFWLRQDO� UHTXLUHPHQW�� GHVLJQ� HOHPHQW� DQG� GHVLJQ� SDUDPHWHU�
VKRXOG�QRW�RQO\�EH�IRFXVHG�RQ�WKH�DVSHFW�RI �GHVLJQLQJ�D�SURGXFW
WR� VDWLVI\� WKH� UHTXLUHPHQW� EXW� DOVR� EH� IRFXVHG� RQ� WKH
PDQXIDFWXULQJ�DVSHFW�

0RVW�RI �WKH�GHVLJQLQJ�PHWKRGV�IRFXV�RQ�RQH�RU�IHZ�DVSHFWV
RI � WKH� GHVLJQ�� %XW� WKH� D[LRPDWLF� GHVLJQ� HYDOXDWHV� WKH� DFWXDO
TXDOLW\�RI � WKH�GHVLJQ�E\�KHOSLQJ� WKH�GHVLJQHU� WR�PDNH� RSWLPXP
DQG� FUHDWLYH� GHFLVLRQV�� %XW� LQ� RUGHU� WR� WDNH� DGYDQWDJHV� RI � WKH
D[LRPDWLF� GHVLJQ� WKH� WRROV� DQG� PHWKRGV� VKRXOG� EH� FRQVLGHUHG
SUXGHQWO\�

$FFRUGLQJ�WR�WKH�D[LRPDWLF�SULQFLSOHV��WKH�HVVHQFH�RI �GHVLJQ
SURFHVV� OLHV� LQ� WKH� KLHUDUFKLHV�� � 7KH� GHVLJQHU� VWDUWV� WKH� GHVLJQ
IURP� FRPSUHKHQVLYH� IXQFWLRQDO� UHTXLUHPHQWV� RU� FRPSUHKHQVLYH
UHTXLUHPHQWV��$QG� EHFDXVH� RI � WKH� GLIIHUHQW� SULRULWLHV� RI � DOO� WKH
IXQFWLRQDO� UHTXLUHPHQWV�� WKH� GHVLJQHU� FDQ� DVVHPEOH� DOO� WKH
IXQFWLRQDO�UHTXLUHPHQWV�LQWR�GLIIHUHQW�KLHUDUFKLHV��7KH�LPSRUWDQW
SRLQW� LQ� WKLV� SURFHVV� LV� WKDW� LW� PXVW� EH� GRQH� ZLWK� WKH� GHVLJQ
SDUDPHWHUV��$V� LW�JRHV�WR� WKH� ORZHU� OHYHO�PRUH�GHWDLOV� VKRXOG�EH
FRQVLGHUHG��7KLV� FDQ�EH� D�YHU\� HIIHFWLYH�ZD\� WR� FRQVLGHU� DOO� WKH
GHWDLOV�RI �WKH�GHVLJQ��7KH�IXQFWLRQDO�UHTXLUHPHQWV�RI �WKH�KLJKHU
OHYHO�PXVW�EH�VDWLVILHG�WKURXJK�WKH�DSSURSULDWH�GHVLJQ�SDUDPHWHUV
LQ� RUGHU� IRU� WKH� ORZHU� OHYHO� IXQFWLRQDO� UHTXLUHPHQWV� WR� EH
VDWLVILHG�

$GGLWLRQDO� FUHDWLYLW\� LQ� WKH� GHVLJQ� FDQ� EH� LQGXFHG� ZKHQ
JRLQJ� WKURXJK� WKHVH� SURFHGXUHV�� 7KH� GHVLJQ� SURFHVV� FDQ� EH
HYDOXDWHG� SURSHUO\� ZKHQ� VWDUWHG� IURP� WKH� PRVW� EDVLF� IXQFWLRQ
UHTXLUHPHQWV�WKH� KLJKHVW� OHYHO� RI � IXQFWLRQDO� UHTXLUHPHQWV�� 7KLV
LV�EHFDXVH�WKURXJK�WKLV�SURFHGXUH�D�EHWWHU�GHVLJQ�FDQ�EH�GHULYHG
DQG� DOVR� WKH� GHVLJQ� SDUDPHWHUV� FDQ� EH� FRQVLGHUHG� LQ� D� ZLGH
YDULHW\��7KH�ILUVW�VWHS� LQ�FKRRVLQJ�WKH�PRVW� LPSRUWDQW�IXQFWLRQDO
UHTXLUHPHQW�VWDUWV�IURP�VHOHFWLQJ�WKH�GHVLJQ�SDUDPHWHU��$QG�WKHQ
WKH� IXQFWLRQDO� UHTXLUHPHQW�RI � WKH�QH[W� OHYHO� FDQ�EH� GHWHUPLQHG
DIWHU� WKH� GHVLJQ� SDUDPHWHU� LV� SURSHUO\� VHOHFWHG�� =LJ]DJJLQJ
DPRQJ� IXQFWLRQ� UHTXLUHPHQWV� DQG� GHVLJQ� SDUDPHWHUV� LV� DOVR
QHFHVVDU\�EHFDXVH�WZR�VHWV�RI �HDFK� OHYHO�DUH�QRW�RQO\�FRQQHFWHG
EXW� DOVR�GHSHQGHQW�RQ�HDFK�RWKHU��%\�XVLQJ� D[LRPDWLF� DSSURDFK
WKH� LGHDV� LQ� WKH� LQLWLDO� VWDJHV�RI �GHVLJQ�FDQ� EH�PDWHULDOL]HG� LQ� D
VFLHQWLILF�ZD\��)LUVW��WKH�IXQFWLRQDO�UHTXLUHPHQW�KDV�WR�EH�GHILQHG�
7KHQ�� GHVLJQ� SDUDPHWHUV� WKDW� VDWLVI\� WKH� IXQFWLRQDO� UHTXLUHPHQW
PXVW� EH� VHOHFWHG�� 7KH� UHVXOWLQJ� VHW� PXVW� EH� HYDOXDWHG� E\� XVLQJ
WKH�GHVLJQ�PDWUL[�WR�VHH�LI �WKH\�VDWLVI\�WKH�LQGHSHQGHQFH�D[LRP�

7KH� UHODWLRQ� EHWZHHQ� IXQFWLRQDO� UHTXLUHPHQW� DQG� GHVLJQ
SDUDPHWHUV�FDQ�EH�UHSUHVHQWLQJ�V\PEROLFDOO\�XVLQJ�GHVLJQ�PDWUL[
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(DFK�PDWUL[� GLVSRVLWLRQ�$LM� UHSUHVHQWV� WKH� UHODWLRQ� EHWZHHQ
'3M� DQG� )5L�� 'HVLJQ� PDWUL[� KDV� V\PERO� ;� ZKLFK� KDV� VWURQJ
UHODWLRQ� EHWZHHQ� HOHPHQWV�� 2� ZKLFK� KDV� IHZ� RU� QR� UHODWLRQ
EHWZHHQ� HOHPHQWV�� 2EVHUYLQJ� WKH� VWDWH� RI � $LM� RI � WKH� GHVLJQ
PDWUL[�LV�D�VLPSOH�PHWKRG�WR�FKHFN�WKH�LQGHSHQGHQFH�D[LRP�

7R� PDLQWDLQ� LQGHSHQGHQFH� RI � IXQFWLRQDO� UHTXLUHPHQW�� WKH
IXQFWLRQDO� UHTXLUHPHQW� VKRXOG� EH� FRQWUROOHG�� ,I � WKH� IXQFWLRQDO
UHTXLUHPHQW� LV� QRW� LQGHSHQGHQW�� WKLV� GHVLJQ� LV� FDOOHG� FRXSOHG
GHVLJQ�

)LJXUH���VKRZV�KRZ�WR�GHYHORS�VROXWLRQ�IURP�SURSRVHG�QHZ
FRQFHSW�LGHD�

Figure 1. Process of development new concept idea by
using Axiomatic Approach

3 DEVELOPMENT OF NEW CONCEPT IDEA

1H[W� LV� D� FDVH� VWXG\� RI � WKH� GHYHORSPHQW� RI � D� QHZ
WUDQVSRUWDWLRQ� PHDQV� WKDW� XVHV� FRPSUHVVHV� DLU�� $[LRPDWLF
DSSURDFK�ZLOO�EH�XVHG�LQ�WKH�GHYHORSPHQW�RI �WKH�QHZ�FRQFHSW�

7KH� IXQFWLRQDO� UHTXLUHPHQW� RI � WKH� QHZ� WUDQVSRUWDWLRQ� LV
VKRZQ�LQ�WKH�IROORZLQJ

)5����KLJK�VSHHG�WUDQVSRUWDWLRQ�PHWKRG
)5����QR�HQYLURQPHQWDO�SROOXWLRQ
)5����ZLGH�UDQJH�RI �RSHUDWLRQ

7KH� GHVLJQ� SDUDPHWHUV� IRU� VDWLVI\LQJ� WKH� IXQFWLRQDO
UHTXLUHPHQW�LV�DV�IROORZV

'3����QR�FRQWDFW�RSHUDWLRQ
'3����XVH�RI �QRQ�IRVVLO�IXHO
'3����XVH�RI �FKHPLFDOO\�DQG�SK\VLFDOO\�VWDEOH�VXEVWDQFH
7KH�UHODWLRQVKLS�EHWZHHQ�WKH�IXQFWLRQDO�UHTXLUHPHQW�DQG�WKH

GHVLJQ� SDUDPHWHU� FDQ� EH� HYDOXDWHG� WKURXJK� WKH� XVH� RI � GHVLJQ
PDWUL[�

3URSRVH

3URSRVH

3URSRVH

$SSUDLVHPHQW�'HVLJQ
7KURXJK

$[LRPDWLF�$SSURDFK

6ROXWLRQ

���

3URSRVH�1HZ�&RQFHSW $QDO\]H
3URFHVV

'HWDLO�'HVLJQ
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7KHUHIRUH�� WKH�GHYHORSPHQW�RI � WKH� LQLWLDO� LGHD� FDQ� EH� GRQH
ZLWKRXW�YLRODWLQJ�WKH�LQGHSHQGHQFH�D[LRP

7KH� QH[W� VWHS� LV� GHULYLQJ� D� VSHFLILF� SODQ� WR�PDWHULDOL]H� WKH
LQLWLDO� LGHDV�� &XUUHQWO\�� RQH� RI � WKH� NH\� UHVHDUFKHV� RQ� WKH� VXSHU
FRQGXFWLYLW\� V\VWHP� LV� WKH� PDJQHWLF� WUDLQ� E\� XVLQJ� VXSHU
FRQGXFWLYLW\� PDJQHWLF�� 7KLV� WUDLQ� VDWLVILHV� IXQFWLRQDO
UHTXLUHPHQWV� �� DQG� ��� EXW� LW� FDQQRW� VDWLVI\� WKH� WKLUG� IXQFWLRQDO
UHTXLUHPHQW�� 7KH� VXSHU� FRQGXFWLYLW\� V\VWHP� LV� YHU\� VHQVLWLYH� WR
WKH� WHPSHUDWXUH� ZKLFK� SRVHV� DV� WKH� ELJJHVW� REVWDFOH� IRU� WKH
V\VWHP� WR�EH�SUDFWLFDO� HQRXJK� IRU� FRPPHUFLDO� XVH�� 7KHUHIRUH�� D
JHQHUDO� DQG� SUDFWLFDO� LGHD� IRU� D� QHZ� WUDQVSRUWDWLRQ� FRQFHSW� LV
QHHGHG��7KH�PDLQ�IRFXV�LQ�WKH�GHYHORSPHQW�RI �WKH�QHZ�LGHD�LV�LQ
WKH�VHQVLWLYLW\�RI �WKH�RSHUDWLRQ�FRQGLWLRQV�

7KH� QHZ� PHWKRG� RI � WUDQVSRUWDWLRQ� WKDW� VDWLVILHV� WKH� WKLUG
IXQFWLRQDO� UHTXLUHPHQW� LV� DLU� OXEULFDQW� EHDULQJ�� $LU� OXEULFDQW
EHDULQJ� KDV� WKH� IROORZLQJ� DGYDQWDJHV�� )LUVW�� WKH� DLU� OXEULFDQW
EHDULQJ�LV�VDIH�WR�WKH�HQYLURQPHQW�VLQFH�QR�OXEULFDWLQJ�RLO�LV�XVHG�
6HFRQG��WKH�EHDULQJ�LV�FKHPLFDOO\�VDIH�EHFDXVH�WKH�YLVFRVLW\�RI �DLU
GRHV�QRW�FKDQJH�GXH�WR�WHPSHUDWXUH�FKDQJHV�DOORZLQJ�ZLGH�UDQJH
RI � RSHUDWLQJ� FRQGLWLRQV�� 7KH� ORZ� YLVFRVLW\� RI � DLU� DV� OXEULFDQW
PDNHV�WKH�YLVFRXV�IULFWLRQ�FORVH�WR���UHVXOWLQJ�LQ�ORZ�SRZHU� ORVV�
DQG� QR� FRQWDFW� EHWZHHQ� VXUIDFHV� SUHYHQWV� ZHDU� DQG� YLEUDWLRQ�
)LQDOO\��WKH�DLU�FDQ�EH�D�SRZHU�VRXUFH�RI �KLJK�HIILFLHQF\�WKDW�FDQ
RSHUDWH�DW�KLJK�VSHHG�

,Q� WKH� QH[W� VWHS�� SURWRW\SH� RI � WKH� DLU� VKLIW� WUDLQ� XVLQJ� DLU
OXEULFDQW� EHDULQJ� ZDV� GHVLJQHG� DQG� WHVWHG�� 7KH� IROORZLQJ
HOHPHQWV�PXVW�EH�FRQVLGHUHG�LQ�WKH�GHVLJQ�RI �WKH�SURWRW\SH�

��� 7KH� ERG\�PXVW� EH� OLJKWZHLJKW� WR� ORZHU� WKH� PRPHQWXP
UHVXOWLQJ�LQ�ORZHU�UHTXLUHPHQW�RI �SURSXOVLRQ�HQHUJ\�

���7KH� V\VWHP�PXVW�EH�PRGXODUL]HG� DQG� LQGHSHQGHQW�� � )RU
HFRQRPLFDO� SXUSRVHV�� WKHUH� VKRXOG� EH� QR� RXWVLGH� IDFLOLWLHV
UHTXLUHG�DQG�PXVW�EH�LQGHSHQGHQW�IRU�RSHUDWLRQV�

8QGHU�WKHVH�UHTXLUHPHQWV�� WKH�SURWRW\SH�ZDV�SURGXFHG�DQG
WHVWHG�E\�WKH�IROORZLQJ�VWHSV��)LUVW��DOXPLQXP�ZDV�XVHG�LQ�PDNLQJ
WKH� EDVH� RI � WKH� ERG\�� 7KH� DUHD� RI � WKH� EDVH� PXVW� EH� NHSW� DW
PLQLPXP�EHFDXVH�RI �WKH�ZHLJKW�DQG�EHFDXVH� ODUJHU�VXUIDFH�DUHD
RI � WKH�EDVH�ZLOO� UHTXLUH� ODUJHU� DPRXQW�RI � DLU� UHTXLUHG�� � �� KROHV
ZHUH�GULOOHG� LQWR�WKH�EDVH�ZKHUH�SUHVVXUL]HG�DLU�ZLOO�EH� LQMHFWHG�
$�SRFNHW�IRU�WKH�DLU�ZDV�PDGH�WKURXJK�PLOOLQJ�DW� WKH�HQG�RI �WKH
KROH��$IWHU�WKH�SURFHVVLQJ�RI �WKH�EDVH� D� FRPSUHVVRU�ZDV�SXW�RQ
WKH�EDVH�

6ROHQRLG�YDOYH�ZDV�XVHG�IRU�FRQWURO�E\�RSHQLQJ�DQG�FORVLQJ
WKH� DLUIORZ�� 6ROHQRLG� YDOYH� KDV� ORZHU� SRVHU� FRQVXPSWLRQ�� VKRUW
VZLWFKLQJ� WLPH�� DQG� KLJK� SHUIRUPDQFH�� � $QRWKHU� VROHQRLG� YDOYH
ZDV�XVHG�ULJKW�QH[W�WR�WKH�FRPSUHVVRU���2Q�2II �VZLWFK�LV�XVHG�WR
FRQWURO�WKH�YDOYHV�DV�D�EUDNH�V\VWHP�
)LJXUH���DQG���VKRZ�WKDW�VFKHPDWLF�GHVLJQ�RI �DLU�VKLIW�V\VWHP�

Figure 2. Schematic of base and injection hole

Figure 3. Schematic of system composition

7KH� ILJXUH� �� DQG� �� VKRZ� WKDW� SKRWRJUDSKV� RI � SURWRW\SH
PRGHO�

,Q� ILJXUH� ��� WKHUH� DUH�PDQ\� WXEHV� DQG� VROHQRLG� WKRVH� SDUWV
FRQWURO�PRYLQJ�GLUHFWLRQ�DQG�VSHHG�
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Figure 4. Photograph of prototype base

Figure 5. Photograph of whole prototype model

4 RESULT

7KH�GHYHORSPHQW�RI �D�DLU�VKLIW�WUDQVSRUWDWLRQ�V\VWHP�KDV�WKH
IROORZLQJ� DGYDQWDJHV�� 7KH� ELJJHVW� DGYDQWDJH� LV� WKH� HQHUJ\
UHTXLUHPHQW�� $� OLWWOH� SRZHU� LV� UHTXLUHG� IRU� OLIWLQJ� WKH� V\VWHP
DERYH�WKH�JURXQG��EXW�RQFH�WKH�V\VWHP�LV�OLIWHG�ORZ�IULFWLRQDO�ORVV
PDNHV�HYHQ�D�VOLJKWHVW�SXVK�WR�PDNH�WKH�V\VWHP�WR�PRYH�DOPRVW
IRUHYHU��7KH�ORZ�IULFWLRQDO�ORVV�DOVR�DOORZV�WKH�V\VWHP�WR�PRYH�DW
D�YHU\�KLJK�VSHHG��$QRWKHU�DGYDQWDJH� LV� WKDW� WKH�V\VWHP�LQGXFHV
DOPRVW� QR� SROOXWLRQ� WR� WKH� HQYLURQPHQW�� 7KH� V\VWHP� XVHV� VPDOO
DPRXQW� RI � HOHFWULFLW\� UDWKHU� WKDQ� IRVVLO� IXHO� IRU� HQHUJ\� DQG� QR
OXEULFDWLRQ�RLO��2WKHU�DGYDQWDJHV� LQFOXGH�UHGXFWLRQ�RI �YLEUDWLRQ�
D�VDIHU�V\VWHP��DQG�WKH�VLPSOLILFDWLRQ�RI �WKH�VWUXFWXUH�

7KH� DLU� VKLIW� WUDQVSRUW� V\VWHP� FDQ� DOVR� EH� DSSOLHG� WR
DLUSODQHV��:KHQ�WKH�SODQH�WDNHV�RII��ORZ�IULFWLRQ�ZLOO�DOORZ�IDVWHU
DFFHOHUDWLRQ� VKRUWHQLQJ� WKH� OHQJWK� RI � WKH� UXQZD\�� 7KH� DLU� VKLIW
V\VWHP�FDQ�EH� DOVR�XVHG� IRU�PRYLQJ�YHU\�KHDY\�REMHFWV�� �+HDY\
FRQWDLQHUV�RU�PDFKLQHV�FDQ�EH�PRYHG�HDVLO\�ZLWK�UHODWLYHO\�VPDOO

IRUFH��7RGD\�� WKH�V\VWHP�LV�XVHG�WR�PRYH�EXLOGLQJV�RU� URRI �RI � D
VWDGLXP�

5 CONCLUSION

'HVLJQ� KDV� EHHQ� NQRZQ� WR� EH� VXEMHFWLYH� DQG� UHO\� RQ
H[SHULHQFH��$[LRPDWLF�GHVLJQ�JLYHV�WKH�EDVLV�IRU�WKH�GHYHORSPHQW
RI �SURGXFWV�RU�SURFHVVHV�E\� V\VWHPDWLF� DQG� DQDO\WLFDO� DSSURDFK�
%\�GHILQLQJ�WKH�SUREOHP�DQG�XVLQJ�WKH�GHVLJQ�PDWUL[�WR�HYDOXDWH
WKH� GHVLJQ� JLYHV� WKH� EDVLV� RI � GHVLJQ� SURFHVV�� %\� XVLQJ� WKLV
SUREOHP�VROYLQJ�PHWKRG�RI �D[LRPDWLF�DSSURDFK�WKH�SUREOHP�FDQ
EH�DQDO\]HG�DQG�D�VSHFLILF�GHVLJQ�FDQ�EH�REWDLQHG�

,Q� WKH� FDVH� VWXG\� RI � WKLV� SDSHU�� WKH� XQVSHFLILF� LGHDV� LQ� WKH
LQLWLDO� VWDJHV� RI � GHVLJQ�ZHUH� HYDOXDWHG�� DQG� XVLQJ� WKH� D[LRPDWLF
DSSURDFK�PDWHULDOL]HG� WKH� LGHD�� � 6XFK� GHYHORSPHQW� RI � LGHDV� E\
XVLQJ� D[LRPDWLF� DSSURDFK� EULQJV� D� V\VWHPDWLF� DQG� VFLHQWLILF
PHWKRG�WR�WKH�VXEMHFWLYH�DQG�XQVFLHQWLILF�SURFHVV�RI �GHVLJQ���7KH
XVH�RI �WKH�GHVLJQ�PDWUL[�FDQ�JUHDWO\�KHOS�LQ�PDNLQJ�WKH�GHVLJQ�D
VFLHQWLILF�SURFHVV�

7KH�LGHD�RI �LQWHJUDWLQJ�WZR�LQGHSHQGHQW�IXQFWLRQV� LQWR�RQH
PRGXOH�GRHV�QRW�YLRODWH�WKH�LQGHSHQGHQFH�D[LRP�DQG�FDQ�EH�VDLG
WR�EH�OHJLWLPDWH�GHVLJQ�
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