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Abstract: In this paper the effects of flow viscosity on the property of fluid flow 
through gas turbine blading in two dimensional modes and for a sample of blade 
was investigated. The fluid used in this research is air which is considered as 
ideal gas for steady state flow condition. This analysis is done by a computer 
program which is developed for this purpose. This program has two arithmetic 
stages, so that at first step the inviscid part is computed then obtained data is 
used to compute the Viscose part one. This analysis is done for two cases 
separately and comparison results are shown as tables and graphs. The 
discussed properties in this paper are: Mach number, Pressure and Temperature.  ��������
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ĜƯŚĩ�ƶƯŚƳźŝǀřźŝ�źţƺƽƛ�ŢƫŚů�ƹŵ�ǀ�řźūř�ƶƳŚĭřŶū�šŹƺƈŝ�ũżƫ�ƹ�ũżƫź
ŚŤƳ�ƹ�ƵŶƃƿŵŚƤƯ�ƩƹŶū�šŹƺƈŝ�ƶƬƇŚů�ŪƿƴŰƴƯ��źƾŻƺţ�ƿƴŰƴƯ�ƹ�Ɩƾ�

Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�šřźƿ�źŞƘƯ�ƹ�ŹŚƄƟ��ƂĪƯ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ
Ưǀŵźĭ� ƶŗřŹř� Ƶźě� ƶƳŚƿŢſř� ƵŶ� �ŹŚƧ� Ʋƿř� ƶŝ� ƍƺŝźƯ� żǀƫŚƳō� ƭŚŬƳř� ƽřźŝ�

ƵŶƃ�ƶǀƸţ�ƾƇŚų�ŹřżƟř�ƭźƳ�ƾţŚƤǀƤŰţ�@ê>��ƽŚƣō�Ǝſƺţ�ŹŚŝ�Ʋǀƫƹř�ƶƧ
ƱƺŤƳŵ�@æ�ç� �è�é� >Ţſř� ƵŶƃ� ƶŗřŹř� ��Ʈǀţ�Ʀƿ�Ǝſƺţ� �ŹřżƟř� ƭźƳ�Ʋƿř

�Żř�žě�ƹ�Ţſř�ƵŶƃ�Ɩƣřƹ�ƾſŹźŝ�ŵŹƺƯ�ƭŚĮƴƯźǀŝ�ƵŚĮƄƳřŵ�Źŵ�ƾţŚƤǀƤŰţ
Ţſř�ƶŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ƭŻǇ�šŚůǈƇř���Śŝ�ƶƯŚƳźŝ�Ʋƿř�ƾūƹźų

Ƴř� ƾƬưƗ� ŪƿŚŤƳ�Ƶźě� ƽźſ�Ʀƿ� ƽřźŝ� �ƵŚĮƄƿŚƯŻō� Źŵ� ƵŶƃ�ƽźǀĭ� ƵŻřŶ
�ƽŹřŵƺưƳ�šŹƺƇ�ƶŝ�ƪƇŚů�ŪƿŚŤƳƹ�ƶƀƿŚƤƯ�ƮƷ�Śŝ�ƆŴƄƯ�ƲǀŝŹƺţ�ƽŚƷ

� ƪƨƃ� Źŵ�æ� Ţſř� ƵŶƃ� ƶŗřŹř� ��ƵŶƷŚƄƯ�ƪƨƃ�Ʋƿř� Źŵ� ƶƨƿŹƺƐƳŚưƷ
ƾƯŶƳŹřŵ�řŹ�ƭŻǇ�ŢƤŝŚƐƯ�ƾƬưƗ�źƿŵŚƤƯ�Śŝ�ƽŹƺŘţ�ŪƿŚŤƳ�ŢŰƇ��ŵƺƃ��

ƤŰţ� ŹŚĩ� ŹŵǀţŚƤƾţ� Śŝ� ŹřżƟř� ƭźƳ� Ʋƿř�źƋŚů�ƜǀǀƳ� ŵŹƺƯ�šřźǀ�ŭǈƇř� ŻŚ
ŚŤƳ� ƹ�Ţſř� ƶŤƟźĭ� Źřźƣ� ƵŵŚƠŤſř� ŵŹƺƯƹ� ƵŶƃƿƋƺţ� Śŝ� ƪƇŚů�Ūǀ�šŚŰ

ŷƿŢſř�ƵŶƃ�ƶŗřŹř�ƪ���
��

ç��ƭŻǇ�šŚŰǀƋƺţ 

æ�ç�Ƌƺţ�ǀƵŵŚƠŤſř�ŵŹƺƯ�ŹřżƟř�ƭźƳ�ŵŹƺƯ�Źŵ�źƈŤŴƯ�Ů��
ŹƺƐƳŚưƷƿř�Ŷƃ�ƵŹŚƃř�ƶĪƿě�ƁƹŹ�ŽŚſř�źŝ�ŹřżƟř�ƭźƳ�ƲǀƳŚƯŻ�ŢƟźƄƾ�
Ư�ƪưƗƾŚưƳ�ƿŵƺƯźţ�Ɖřƺų� ƹ� ŶƿƯŚƴǀĪƾ�� Źŵ� řŹ� ƶƐƤƳ� źƷƿ�ƱŚƯŻ�Ĩ

ƇŚų�źƷ�ŹřŶƤƯ�ƹ�ƵŵƺưƳ�ƶŞſŚŰƯ�ƆŴƄƯǀřźŝ� řŹ�ŢƽŶƘŝ�ƱŚƯŻ�ƽ�Śŝ�
ƬŞƣ� ƱŚƯŻ� ŹřŶƤƯ� Żř� ƵŵŚƠŤſřƾƜţ� ƹ�ǀǀƳŚƯŻ� ƶƬƇŚƟ� Źŵ� Ʊō� šřźƾ��

ř� ƹ� ƵŵƺưƳ� ƶŞſŚŰƯƿƯ� ŹřźĪţ� řŹ�ƪưƗ�ƲƾŚưƳ�ƿ�ƹŵ�ƝǈŤųř� ƶĪƳō� Śţ� Ŷ
ƳŚƯŻ�ƶƬƇŚƟ� Źŵ� ƵŶƯō�ŢſŶŝ� ŹřŶƠƯ�ƾŶů�ƶŝ�ƘƯ�ǀƟźƘƯ� ŹŚƾ��ƵŶƃ�

Ŷſźŝ� �ř� Żř�žěƿƬưƗ� ƶƬůźƯ� ƲǀƯ� ƞƣƺŤƯ� ŹřźĪţ� šŚƾŵŵźĭ����ƶƯŚƳźŝ
řŹřŵ�ƾƬƇřƽ�êƯ�Ǝų�ƾƫƹ�ŶƃŚŝ�ƾţƹŹ�śŚſ�śŚƀŤůř�Śŝ�ǀŝ�ŚƷ�Ʋǀ�Żř�Ƃ
æåååƺƳ� ƶƯŚƳźŝ� ƱŚŝŻ� Śŝ�Ǝų�ƿƀƾŢſř� ƵŶƃ� ƶŤƃƺƳ� ƱźţźƟ�� ��ƶƯŚƳźŝ

řźŝƽżŬţ�ƿƬŰţ�ƹ�ƶǀſ�ƪǀ��ŻŚƟ�ƹŵ��ŻŚƟ�Ĩţ�ƩŚƿŶƘŝ�ĨƽŶƘŝ�ƹŵ��ƽ�ƹ�
ŶƘŝ�ƶſƽƯ�ƭŻǇ�ŢǀƬŝŚƣ�ƽřŹřŵ�Ƶźě�Żř�ƾƬǀƟƹźě�źƷ�ƹ�ƽźŞƘƯ�źƷŹŵ�ƹ�ƾ�
ŶƃŚŝ��ƴĤưƷǀźū�ƲƿŚƷ�ƱŚƽƯ�řŹ�šƺƇ�ơƺƟŚƯ�ƹ�šƺƇ�ƱƹŵŚƯ�ƾ�ŶƳřƺţ�
żŬţƿƬŰţ� ƹ� ƶǀŚưƳ� ƪƿŶ� �� źƷ� ƶĩƿř� Żř�Ĩƿ�śŚſ� Ǝſƺţ� řŹ� šǇŚů� Ʋ
ţƹŹǀƯ�ƭŚŬƳř�ƶƏƺŝźƯ�ƲƾźƈŤŴƯ�šŹŚģƺƬƟ� �ŶƷŵ�ƽ�źƏŚŴŝ�ƶƯŚƳźŝ� Żř�

ŵƹŶŰƯƿŚƌƟ� ŢƽƪĪƃ� Źŵ� ƶƫŚƤƯ��æê� �řƋƺţ� ƹ� Ţſř� ƵŶƃ� ƶŗřŹǀ�Ů
ŝǀř� Źŵ� Ʊō� źŤƄƿŸě� ƱŚĪƯř� ƶƫŚƤƯ� ƲƿưƳ� źƾŶƃŚŝ�� �Ƴ� ƶĤƳŚƴģǀ�ƶŝ� ŻŚ

ŝ�šŚƗǈƏřǀƖūźƯ�ƶŝ�ŶƃŚŝ�źŤƄ@ë�>ŵƺƃ�ƶƘūřźƯ���
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ç�ç��ƋƺţǀƵŵŚƠŤſř�ŵŹƺƯ�šǇŵŚƘƯ�ŵŹƺƯ�ŹŵźƈŤŴƯ�Ů��
ŵ�šǇŵŚƘƯƿƀƳřźƠǀƬƾě�ǀĮŤſƺƾřźŝ�ƭƺŤƴƯƺƯ�ƹ�ƽźū�ƿſ�ƱŚǀ�ŻŚƟ�Ĩţ�ƩŚ

ŶƘŝ�ƹŵƽŚě�ƿū�Źŵ�Ʈĩřźţ�ƪŝŚƣ�ŹřŶ�ŢƸŷ�šŹƺƇ�ƶŝ�ƿƯ�ƪƾŶƴƃŚŝ����
��

 
��

�Î�������������� 
��

řƿƠƬţ�Żř�žě�šǇŵŚƘƯ�Ʋǀŝ�ƹ�Ƣƾ�Śŝ�ƱŶƃ�ŶƘŝ�ĭ�ƩřźĮŤƳřǀźƽ�Ŝƀů�źŝ�
ř�Ż�Śţ� ��šŹƺƇ�ƶŝŷ�ƿƯ�Źŵ�ƪƾō�ƿŶ���
��
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ŶƳř��Ʊō�Źŵ�ƶĩƿ�žźū�ƶŝ�ƍƺŝźƯ�ƿǇ�Żř�ũŹŚų�ƱŚƿŻźƯ�ƶƽƯ�ƾ�ƹ�ŶƃŚŝ�
wĲƃźŝ�Ƃƴţ�ƾŵ�Źŵ�ƿƯ�ƵŹřƺƾŶƃŚŝ����

�Ð����������������������������������������������������
��

źƘţ� Śŝ� ƹƿƐŝřƹŹ�ƞƾŷ�šŹƺƇ� ƶŝ� ơƺƟ� ƶƫŵŚƘƯ� źƿŻ�šŹƺƇ� ƶŝ�ƿŹŵ� ƪ���
ƯƾōƿŶ���
��

�Ñ�

 

��

ŷ�šŹƺƇ�ƶŝ�Ʊō�ŶƘŝ�ƱƹŶŝ�ƪĪƃ�ƹƿŵƺŝ�ŶƷřƺų�ƪ���
��

�Ò���������������
 

řźŝƽŝ�šŚƗǈƏř�ǀƖūźƯ�ƶŝ�źŤƄ@æ�>ŵƺƃ�ƶƘūřźƯ���
�Ƶźě� Ʋƿř� ƶŝ� ƍƺŝźƯ� ŻŚǀƳŵŹƺƯ� šŚƈŴƄƯŶƃ� ƵŹŚƃř� ƶƨƿŹƺƐƳŚưƷ

ƩƹŶūŹŵ�ê� �Ţſř� ƵŶƃ� ũŹŵ.�šŹƹźƋ�Ŝƀůźŝ� ƩƹŶū� Ʋƿř� źƿŵŚƤƯ�
ƪƨƃ� ƢŝŚƐƯ� ƶƧ� ŵƹŶŰƯ� ƽŚƷ� ƱŚưƫř� ƶŝ� ƍƺŝźƯ� ƽŶƴŝ� ƶƨŞƃ� �æé��

ƵŵżƳŚěƹŶƈƨƿ�ƽřŹřŵ� �Ţſř� ƵŶƃ�ƮſŹźƔƳ� ŵŹƺƯ� Ƶźě�ƽřźŝ�Źŵ� ƮǀƀƤţ�
ŹƺŰƯ�ŢƸūxŹƺŰƯ�ŢƸū�Źŵ�ƮǀƀƤţ�Ƶŵżǀſ�ƹ�ŚƷy�ƶſ�Źŵ�ƶƧ�Ƶŵƺŝ�ŚƷ

ŶƳř�ƵŶƃ�ƮǀƔƴţ�ƶƗƺưŬƯ����

�źƿŵŚƤƯ��ƩƹŶū�Ʋƿř�Źŵx�ƩƹŶū�ƾŗřŶŤŝř�ƶƗƺưŬƯŹŵ�ŚƷ�Ƶźĭ�ƶŝ�ƍƺŝźƯ�
� ŚƸƳō� ŵřŶƘţ� ƶƧ� ƵŶƃ� ũŹŵææêŵŶƗ�ƾƯŶƴƃŚŝ� ��Ʋƿř� Ǝſƹ� ƶǀůŚƳ� Źŵ

ƩƹŶūyƵŶƃ� ũŹŵ�ƂƨƯ� ŮƐſ� ƍŚƤƳ� ƶŝ� ƍƺŝźƯ� ƽŚƷ�ƉźƗ� ƶƧ� ŶƳř
źƯƵźě� ŵŹƺųźŝ� ƶŞƫ� ƶŝ� ƍƺŝ�A�î�ëë��Ʊō� ŹřźƟ� ƶŞƫ� ƉźƗƹ� źŤưǀƬǀƯ
ë�ééŶƴƃŚŝ�ƾƯ�źŤưǀƬǀƯ����

ƾƯ�ƶƔůǈƯŹƺŰƯ�ŢƸū�Źŵ�šŚƈŤŴƯ� ŏŶŞƯ�ƽřŶŤŝř� Żř�ƶƧ�ŵŵźĭx��ŚƷ
ŵřŶƘţçè�ƾƋźƟ�ŏŶŞƯ�ƶŝ�ƍƺŝźƯ�ŶƳř�ƵŶƃ�Źřźƨţ�ƽƹŚƀƯ�ŹƺƐŝ�ƶƧ�ŹřŶƤƯ

ŶƴƃŚŝ�ƾƯ�Ƶźě�ŵŹƺųźŝ�ƶŞƫ�Śţ��Ƶźě�ƂƨƯ�ŮƐſ�ƶŝ�ƍƺŝźƯ�ƍŚƤƳ�řŸƫA�Żř�
ƃƵŹŚưçè��ëìëî�ëìźŤưǀƬǀƯ�� �ƾƯ� ƕƹźƃƹ� ŵƺƃ�ƵŹŚưƃ� Śţ�ëí�
�ìææì�éëźŤưǀƬǀƯ�� �Ƶźě� ŹřźƟ� ƶŞƫ� ƶŝ� ƍƺŝźƯ� ƶƧAƾƯ�ƶƯřŵř� �ŶƃŚŝ���

ƾƯ�ƾūƹźų�ƱŚƿźū�Ţſŵ�ƲǀƿŚě�ƶŝ�ƍƺŝźƯ�źƿŵŚƤƯ�ŶƘŝ�ƶŝ�Ʊō�Żř�ƹ��ŶŝŚƿ
ŶƴƃŚŝ�ƾƯ� Ƶźě� Żř� �źƿŵŚƤƯ�ƩƹŶū�ƽŚƸŤƳř�Ţưƀƣ� Źŵy�ƶŝ�ƍƺŝźƯ�ƽŚƷ

�Ţſř� ƵŶƃ�ũŹŵ�Ƶźě� ŹŚƄƟ�ŮƐſ�ƂƨƯ�ŮƐſ�ƶŝŚƄƯ�Ʊō�źƿŵŚƤƯ�ƶƧ�
ŶƳř� ƵŶƃ� ƮǀƔƴţ� ��Ƶźě� ƹŵ� ƶƬƇŚƟ� ƶŝ� ƍƺŝźƯ� ƩƹŶū� ŹřŶƤƯ� Ʋƿźųō

ƾƫřƺŤƯ�pilch�Śŝ�źŝřźŝ�Ƶźě�Ʋƿř�ƽřźŝ�ƶƧ�ŶƃŚŝ�ƾƯåìæ�æë�ũŹŵ�źŤưǀƬǀƯ
Ţſř�ƵŶƃ� 

��
è�ƾūƹźų�ƹ�ƽŵƹŹƹ�Ǝƿřźƃ���

Ƴ�ŵŹƺƯ�ƅřƺųǀſ�ŻŚǀŵƹŹƹ�ƩŚƽūƹźų�ƹ�ƾřźŝ�ƽ�Ƶźě�ƹŵ�źƷ�ƿ�Źŵ�ƱŚƀĪ
�ƹ�Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳŵŚƤƯƿŷ�źƿŶƳř�ƵŶƃ�ŵŹřƹ�ƶƯŚƳźŝ�ƶŝ�ƪ���

��
)(4.172 kPaPoin ��
)(392 KToin ��

)(3.161 kPaPin ��
(deg)0.0��

)(4.101 kPaPout  
��

Ñ�ƱŚƿźū�ƅřƺų�Żř�ƾųźŝ�ƾſŹźŝ� 
�ƩƹŶūÎŶě��ƵŚĭƺƬĭ�ƪŰƯ�šŚƈŤŴƯ�ƿ�űŚƯ�ŵŶƗƹ�ħŚƃ�ƵŶƿ�ƱŚƄƳ�řŹ�Ĩ

ƯƾŶƷŵ���ŵ�ƩƹřŶūƿƹ�źĮŚƷŹƺŤƳŚĩƹ�ŚƷŹřŵƺưƳƽŞţ�ƵŶƃ�ƶŗřŹř�ǀǀ�ƵŶƴƴĩ�Ʋ
ĭŶƴŞƀģ�šřźŧřƾƹŹ�ƽƯ�źƔƳ�ŵŹƺƯ�ƅřƺų�ƾŶƴƃŚŝ����

ř�ŹŵƿƫŚưūř�šŹƺƈŝ�ŚŬƴƾƴŰƴƯ��ƩƹřŶū�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ƾŚƷƽŻƺţ�ƿ�ƹ�Ɩ
ƜţǀǀŧŐţ��ƅřƺų�šřźǀĭŶƴŞƀģ�źƾƹŹ�ƽ�ƹ�ŹŚƄƟ��ŚƯŵ�ƶƳŚĭ�ƶſ�ƅřƺų�

ſŹźŝ� ŵŹƺƯ� űŚƯ� ŵŶƗƾƯ� Źřźƣ�ƾĭǀŶƳź� �� Żř� ƕǈƏř�ŢƸū� řŸƫŗżūǀ�šŚ
řŹŚĩ�ƹ�ƮĩŚů�šǇŵŚƘƯ��ƶƫŚƀƯƾƿŚƷƽĜƯŚĩ�ƶƯŚƳźŝ�ǀźţƺƽ�ƖūźƯ�ƶŝ�@Ò�>

ŗŚưƳ�ƶƘūřźƯǀŶ� 

 
�ƩƹŶūÎ��ŚƸŤƳř�ƹ�řŶŤŝř�šŚƈŤŴƯƽ�űŚƯ�Ǝų��ƵŚĭƺƬĭ�ƿ�Ǝų�ƹ�Ĩ
ŝǀźŤƄƿƹŹ�űŚƯ�ŵŶƗ�Ʋƽ�ŹŚƄƟ�ƹ�ƂĪƯ�ŭƺƐſ� 

ŹŚƄƟ�ŮƐſ�Źŵ��ƂĪƯ�ŮƐſ�Źŵ��
Y (mm) X (mm)��Y (mm) X (mm)��

65.3��38.2��62.7��33.4��THROAT��
61.3��40.7��58.3��35.8��SHOCK��
64.4��38.7*��64.0��32.5��M=1��
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�
źū�Źŵƿř�ũżƫ�ƱŚƿ�šŹƺƈŝ�ƶƐƤƳ�Ʋ(40.5 , 61.7)�ƯƾŶƃŚŝ����
��
æ�é��ŚƯŵ�šřźǀǀƜţ��
Ɯţǀǀƛ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�Źŵ�ŚƯŵ�šřźǀŚƸţƹŚƠţ�ũżƫźƾƿ�Żř�ƶĩ�ŶƳŹřŵ�ƮƷ�Śŝ�

ŚƸţƹŚƠţ� ƶƬưūƽŚě� ƹ� ŹŚƄƟ�ŮƐſ� ŹřźƟ� ƶŞƫ� Źŵ� Ʊō�ƂůŚƟ�ǀƿ�Ţſŵ�Ʋ
źūƿƯ�ƱŚƾƃŚŝ�Ŷ�ƩŚĪƃřÏŚţÒ����ŭƺƐſ�Źŵ�ŚƯŵ�ŹřŶƤƯ�ƪƣřŶů�ƹ�źŨĩřŶů

řźŝ� ŹŚƄƟ� ƹ� ƂĪƯƽų� ŢƫŚů� ƹŵ�ǀƬƾ� ƮƸŝ�ŵżƳƿƯ� ĨººººƾŶƴƃŚŝ���
� ƩŚĪƃřçƹéƴŰƴƯ�ƾŻƺţ�ƿřźŝ� řŹ� ŚƯŵ� Ɩƽ�ƱŚƄƳ� ŹƺĩŸƯ� ŢƫŚů� ƹŵ�������

ƯƾŚƸţƹŚºƠţ��ŶºººƴƷŵƽ�ƿŝƺų�ƶŝ�ǇŚŝ�Źŵ�ƵŶƃ�ŵŚƾř�Źŵ�ƿƴŰƴƯ�Ʋƾ�ŚƷƽ�
ŻƺţƿƯ� ƵŶƷŚƄƯ� ƖƾŶƳƺƃ� �� ƶĩ� ŹƺƐƳŚưƷř� Ŷƃ� ƶŤƠĭƿ�źŧřźŝ� ŚƸţƹŚƠţ� Ʋ

Ǉ�ŹƺƌůƿŻźƯ�ƶƽƯ�ƾ�ŶƴƃŚŝ����
��

�ƩƹŶūç�źū�Ǝų�ƶſ�Źŵ�ŚƯŵ�źŨĩřŶů�ƹ�ƪƣřŶů�ƿ�šƹŚƠŤƯ�ƱŚ
řźŝƽƛ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�ǀ�ũżƫź 

�ũżƫ���ũżƫ�źǀƛ��
Max  Min ��Max  Min ��
391.6*��348.1*��391.6* 347.9*��TS(K)��
390.3��351.1��390.6��350.6��Tm(K)��

391.6*��349.5��391.6*��350.3��Tp(K)��
� 
řƿřźŝ� ŵřŶƗř� ƲƽƯ� ƪĩ�ǀţŚŞſŚŰƯ� ƱřŶƾƳ�ǀ�źŨĩřŶů� ƹ� ƪƣřŶů� ż�����
ƯƾŶƴƃŚŝ����
��
ç�é���ŹŚƄƟ�šřźǀǀƜţ 

Ɯţǀǀƛ� ƹ� ũżƫ�ŢƫŚů� ƹŵ� Źŵ� ŹŚƄƟ�šřźǀƳ� ũżƫźǀŚƸţƹŚƠţ� żƾƿ�Żř� �ŶƳŹřŵ�
�ƩŚĪƃř�Źŵ�ƶĩ�ŹřźƟ�ƶŞƫ�Źŵ�ƹ�ƶƬưů�ƶŞƫ�Źŵ�ƶƬưūÓƫřƾÖŵ�ƿƯ�ƵŶƾŶƳƺƃ��

Ǝų�ƶſ� Źŵ� ŹŚƄƟ� ŹřŶƤƯ�ƪƣřŶů� ƹ� źŨĩřŶůźū�ƿřźŝ�šƹŚƠŤƯ�ƱŚƽ�ƹŵ�
ƛ�ƹ�ũżƫ�ŢƫŚůǀ�ƩƹŶū�Źŵ�ũżƫźÐř�Źŵ�Ţſř�ƵŶƯō�ƿƳ�ŚŬƴǀ�ƹ�źŨĩřŶů�ż

Ƴ�ŹŚƄƟ�ŹřŶƤƯ�ƪƣřŶůǀřźŝ�ŹŚƄƟ�ƹ�ƂĪƯ�ŭƺƐſ�Źŵ�żƽų�ŢƫŚů�ƹŵ�ǀƬƾ�
ŵżƳ�ƮƸŝƿƯ�ĨƾŶƴƃŚŝ���ƩŚĪƃřÓƹÕƴŰƴƯ�ƾŻƺţ�ƿ�ƩŚĪƃř�ƹ�ŹŚƄƟ�ƖÔƹÖ�
ƴŰƴƯƾƜţ�ǀǀźū�Ǝų�ƶſ�Źŵ�šřźƿřźŝ�řŹ�šƹŚƠŤƯ�ƱŚƽ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�

ƛǀƱŚƄƳ�ũżƫź�ƯƾŶƴƷŵ��Żƺţ�ƪĪƃƿŗŚě�ƹ�ƶƬưů�ƶŞƫ�Źŵ�ŹŚƄƟ�Ɩǀ�Ţſŵ�Ʋ
řŹřŵ�ƱōƽŚƸţƹŚƠţ�ƽưĩ�ƾƯ�ƾř�ƶĩ�ŶƴƃŚŝƿ�ŶƘŝ�ƹ�ŹřźƟ�ƶŞƫ�Źŵ�ŚƸţƹŚƠţ�Ʋ

ŽƺƀŰƯ�Ƶźě�ŹŚƄƟ�ŮƐſ�Źŵ�ƅƺƈŴŝ�Ʊō�ŻřƯ�źţƾŶƴƃŚŝ��řƿ�ŚƸţƹŚƠţ�Ʋ
ƃŚƳƾǇ�ŵƺūƹ�Żř�ƿŻźƯ�ƶƽƟƹźě�ŭǈƇř�ƹ�ǀƯ�Ƶźě�źŧŒƯ�ƪƾŶƃŚŝ�� 
��

�ƩƹŶūÐ��ƹ�ƪƣřŶůźū�Ǝų�ƶſ�Źŵ�ŹŚƄƟ�źŨĩřŶů�ƿ�šƹŚƠŤƯ�ƱŚ
řźŝƽƛ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�ǀũżƫź 

�ũżƫ���źǀƛũżƫ���
Max  Min ��Max  Min ��

180.447* 72.131*��179.613* 71.888*��PS(Kpa)��
168.933��75.832��169.010��75.407��Pm(Kpa)��
179.527��76.8222��176.452��76.57      ����Pp(Kpa)��

��

� 
řƿřźŝ� ŵřŶƗř� ƲƽƯ� ƪĩ�ǀŚŰƯ� ƱřŶţŚŞſƾƳ�ǀźŨĩřŶů� ƹ� ƪƣřŶů� ż������
ƯƾŶƴƃŚŝ���

è�é��űŚƯ�ŵŶƗ�šřźǀǀƜţ 

ƩŚĪƃřÎÍƫřƾÎÐŚƸţƹŚƠţ�ƽřźŝ�űŚƯ�ŵŶƗŹŵ�ŵƺūƺƯ�ƽ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�
ƛǀƯ�ƱŚƄƳ�řŹ�ũżƫźƾƜţ�ƶĩ�ŶƴƷŵǀǀźū�Ǝų�ƶſ�ƽřźŝ�űŚƯ�ŵŶƗ�šřźƿ�ƱŚ

řźŝ�šƹŚƠŤƯƽƛ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�ǀ�ƩŚĪƃř�Źŵ�ũżƫźÎÎƹÎÐ�Ƶŵřŵ�ƱŚƄƳ�
ƵŶƃŶƳř��ŚƯ�ŵŶƗ�šƹŚƠţ�ŮƐſ�Źŵ�Ʊō�Żř�ŶƘŝ�ƅƺƈŴŝ�ƹ�ƶƬưů�ƶŞƫ�Źŵ�ű

řźŝ�ŹŚƄƟƽƯ�ŵƺƸƄƯ�ŹƺĩŸƯ�ŢƫŚů�ƹŵ�ƾŶƴƃŚŝ��řƿ�Żř�ŶƘŝ�Źŵ�ŚƸţƹŚƠţ�Ʋ
ŶƳ�źţŵƺƸƄƯ�ŹŚƄƟ�ŮƐſ�ŹřźƟ�ƶŞƫ� �ƛ�ŢƫŚů�Źŵ�űŚƯ�ŵŶƗ�ŹřŶƤƯǀ�ũżƫź

řźŝƽźū�Ǝų� ƶſ�ƿŚě� Źŵ�šƹŚƠŤƯ� ƱŚǀƿźū�Ţſŵ�Ʋƿ�ŹřźƟ� ƶŞƫ� Źŵ� ƱŚ
źſƿ� ƶŝ� źŤƘƿŵ�ĨƿŵżƳźĮƿƯ�ĨƾƫŚů� Źŵ� �ŶƳƺƃǀƶĪřźŝ�ƽ�ũżƫ� ŢƫŚů�

ŚƸŤƳř� Źŵ� Ʊō� ŹřŶƤƯƽŚě� Źŵ� ŹŚƄƟ� ŮƐſ�ǀƿźū�Ţſŵ� Ʋƿ�ŹřźƟ� ƶŞƫ� ƱŚ
Ż� šƹŚƠţƿŵŚƽźū� Ǝų� ƹŵ� Śŝ�ƿŵ� ƱŚƿŵŹřŵ� źĮ� �� ƩƹŶūÑ�ƹ� źŨĩřŶů�

źū�Ǝų�ƶſ�ƶŝ�ƍƺŝźƯ�űŚƯ�ŵŶƗ�ŹřŶƤƯ�ƪƣřŶůƿřźŝ�šƹŚƠŤƯ�ƱŚƽ�ƹŵ�
Ư� ƱŚƄƳ� řŹ�ŢƫŚůƾ�ƩŚĪƃř�ƲưƋ� Źŵ� �ŶƷŵÎÍ� ƹ�ÎÏƴŰƴƯ�ƾŻƺţ�ƿ�Ɩ

řźŝ� űŚƯ� ŵŶƗƽŚů� ƹŵ� źƷ�Ư� ŢƫƾŚƸţƹŚƠţ� ƶĩ� ŶƴƃŚŝƽ�Źŵ� ŹƺĩŸƯ�
ƴŰƴƯƾŚƷƽŻƺţ�ƿƳ�ƖǀƯ�ƵŶƷŚƄƯ�żƾŶƳƺƃ� 

���
�ƩƹŶūÑ��źū�Ǝų�ƶſ�Źŵ�űŚƯ�ŵŶƗ�źŨĩřŶů�ƹ�ƪƣřŶůƿ�ƱŚ

řźŝ�šƹŚƠŤƯƽƛ�ƹ�ũżƫ�ŢƫŚů�ƹŵ�ǀũżƫź 
�Ţūżƫ�ƲŤƟźĭ�źƔƳ�Źŵ�ƱƹŶŝ��Ţūżƫ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ��

Max  Min ��Max  Min ��
1.228* 0.104*��1.232* 0.103* ��MS 
1.180��0.206��1.188��0.203��Mm��
1.206��0.104��1.193��0.103��Mp��

�
řƿřźŝ�ŵřŶƗř�ƲƽƯ�ƪĩ�ǀţŚŞſŚŰƯ�ƱřŶƾƳ�ǀƯ�źŨĩřŶů�ƹ�ƪƣřŶů�żƾ 
ŶƴƃŚŝ���
��

��
�ƪĪƃæ���źƿŵŚƤƯ�ƹ�ƽźţƺǀĜƯŚƧ�ƶƯŚƳźŝ�Żř�ƪƇŚů�ŪƿŚŤƳ�ƶƀƿŚƤƯ

ŶƳř�ƵŶƯō�ŢſŶŝ�ƂƿŚƯŻō�Żř�ƶƧ�ƾƬưƗ���
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��
�ƪĪƃç��ƴŰƴƯƾŻƺţ�ƿřźŝ�ŚƯŵ�Ɩƽźū�ƿũżƫ�ƱŚ��

 

��
�ƪĪƃè��Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�ŚƯŵ�šřźƿ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ

Ư�ƹ�ŹŚƄƟ��ƂĪƯǀřźŝ�Ƶźě�ƶƳŚƽźū�ƿũżƫ�ƱŚ��
��

 
�ƪĪƃé��ƴŰƴƯƾŻƺţ�ƿřźŝ�ŚƯŵ�Ɩƽźū�ƿƛ�ƱŚǀũżƫź��

��
�ƪĪƃê��Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�ŚƯŵ�šřźƿ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ

Ư�ƹ�ŹŚƄƟ��ƂĪƯǀřźŝ�Ƶźě�ƶƳŚƽźū�ƿƛ�ƱŚǀũżƫź��
��

��
�ƪĪƃë��ƴŰƴƯƾŻƺţ�ƿřźŝ�ŹŚƄƟ�Ɩƽźū�ƿũżƫ�ƱŚ��

��

 
�ƪĪƃì��Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�ŹŚƄƟ�šřźƿ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ

Ư�ƹ�ŹŚƄƟ��ƂĪƯǀřźŝ�Ƶźě�ƶƳŚƽźū�ƿũżƫ�ƱŚ��
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�ƪĪƃí��ƴŰƴƯƾŻƺţ�ƿřźŝ�ŹŚƄƟ�Ɩƽźū�ƿƛ�ƱŚǀũżƫź��

��
�ƪĪƃî��Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�ŹŚƄƟ�šřźƿ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ

Ư�ƹ�ŹŚƄƟ��ƂĪƯǀřźŝ�Ƶźě�ƶƳŚƽźū�ƿƛ�ƱŚǀũżƫź��
��

��

��
�ƪĪƃæå��ƴŰƴƯƾŻƺţ�ƿ�űŚƯ�ŵŶƗ�Ɩřźŝƽźū�ƿũżƫ�ƱŚ��

��
�ƪĪƃææ��Ɯţǀǀźū�Ǝų�ƶſ�Źŵ�űŚƯ�ŵŶƗ�šřźƿ�ŭƺƐſ�Źŵ�šƹŚƠŤƯ�ƱŚ

Ư�ƹ�ŹŚƄƟ��ƂĪƯǀřźŝ�Ƶźě�ƶƳŚƽźū�ƿũżƫ�ƱŚ��
��

��
�ƪĪƃæç��ƴŰƴƯƾŻƺţ�ƿřźŝ�űŚƯ�ŵŶƗ�Ɩƽźū�ƿƛ�ƱŚǀũżƫź��

 

Ñ��ŤƳǀƶŬĭǀźƽ 
�ƵŹŚưƃ�ƩƹŶū�ƶŝ�ƶūƺţ�Śŝ�Ï���ƽŚƷŹřŵƺưƳ�ƹÏ�Ð�ÑƹÒ�ŶſŹ�ƾƯ�źƔƴŝ�

řźǀǀƜţ� ƽƹŹ� ƩŚǀſ� ƾĭŶƴŞƀģ� ƶƧ�ƾƯ� źŧŒƯ� ƱŚƿźū� źŞƘƯ� Źŵ� ŚƯŵ� š
Ţſř�źţ�ŵƺƸƄƯ�Ƶźě�Żř�ƾūƹźų�Źŵ�šřźǀǀƜţ�Ʋƿř�ƅƺƈŴŝ��ŶƃŚŝ����

�şŹŚưƃ�ƩƹŶū�Ð���ƽŚƸƬƨƃ�ƹÓ�ƾƫř�Ö�źŞƘƯ�Źŵ�ŹŚƄƟ�šřźǀǀƜţ�źĮƳŚǀŝ�
� ŶƴƃŚŝ� ƾƯ� źƔƳ� ŵŹƺƯ� Ƶźě� ƹŵ� Ʋǀŝ� ƱŚƿźū� ��ƩƹŶū� Ʋƿř� ƶŝ� ƶūƺţ� Śŝ

ŶƃŚŝ�ƾƯ� ŵƺƸƄƯ�ǄƯŚƧ� ŹřźƟ� ƶŞƫ� Źŵ�ƾĭŶƴŞƀģ� źǀŧŎţ� ŚƷ�ƪƨƃƹ� �ŝ�Ś
�ƪƨƃ�ƹŵ�Źŵ�ŹŚƄƟ�ŹƺŤƳŚƧ�ƶŝ�ƶƘūřźƯÓ�ƹÔ�ƪƨƃ�ƽŚƷ�ŹřŵƺưƳ�ƹ�ÔƹÖ�

ŶƃŚŝ�ƾƯ�źţ�ŹŚƨƃō�šƹŚƠţ�Ʋƿř���şŹŚưƃ�ƩƹŶūÑƹ���ŠƳŚĭ�ŹŚƸģ�ƩŚƨƃř
ÎÍƹÎÎ�ƹÎÏƹÎÐƯ�ƱŚƄƳ�řŹ�űŚƯ�ŵŶƗ�ƽƹŹ�ƾĭŶƴŞƀģ�źǀŧ�Őţ�ƾŶƴƷŵ���

ŶƃŚŝ�ƾƯ�ŮƋřƹ�ǄƯŚƧ� Ƶźě� Żř�ƾūƹźų� Źŵ� źǀŧŐţ�Ʋƿř� ��ƹŵ� ƶŝ� ƶūƺţ� Śŝ
�ƪƨƃÎÎƹÎÐŶƗ�šřźǀǀƜţ��Żř�ƾūƹźų�Źŵ�ƱŚƿźū�Ǝų�ƶſ�Źŵ�űŚƯ�ŵ

ƬƯŚƧ�ũżƫ�źǀƛƹ�ũżƫ�ŢƫŚů�ƹŵ�ƽřźŝ�Ƶźě��Źŵ�šƹŚƠţ�Ʋƿř�ƹ�Ƶŵƺŝ�šƹŚƠŤƯ�Ő
�ƵŶƷŚƄƯ�ƶƬưů�ŠŞƫƾưƳ�ƶŝ�ƕƹźƃ�ƽŻźƯ�ƶƿǇ�ƶƬưů�ŠŞƫ�Źŵ� řźƿŻ� �ŵƺƃ

ƾƯ�ƦƿŵżƳ�Ƶźě�ƽŚƸŤƳř�ƶŝ�ŹŶƣźƷ�ƹ�ƵŵƺưƳ�ƽźǀĭ�ƪƨƃ�ŢƯŚŴƋ�ŵƺƃ
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