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However, a complete general form for expressing gas non-ideality is the series expansion first as the Virial 
equation of state 

Ê»��f¸»Z¯��·YÁ�|¿YÁ�Ä·{Z »��Y�µZË�ËÁ�Ä·{Z »�|�Z]�� �
æíº �ÄÀË�³��d�Y�d��{���
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Virial coefficients are functions of the temperature only 
Ê»�Z»{��Y�Ê ]Ze�µZË�ËÁ�\ËY���|�Z]���

æîº �ÄÀË�³��d�Y�d��{���
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It can be shown, by statistical mechanics, that the first coefficient is a function of the interaction of an isolated 
pair of molecules 

Ê»��´Ë|°Ë��]�µÂ°·Â»�Á{�¾Ì]��ÌiPe�Ã|ÀÅ|¿Z�¿�µZË�ËÁ�µÁY�\Ë���|�Z]���
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The fan consists of a rotating arrangement of vanes or blades which act on the air 

çæº �ÄÀË�³��d�Y�d��{���
d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�Z]���

Fans produce air flows with high volume and low pressure, as opposed to compressors which produce high 
pressures at a comparatively low volume 
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ççº �É�ÄÀË�³�d�Y�d��{��� �
d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�Z]� 

While fans are often used to cool people, they do not actually cool air, but work by evaporative cooling of sweat 
and increased heat conduction into the surrounding air due to the airflow from the fans 

Ã|À»{���Âe�Ã|��{ZnËY��ËZ»�����Ìz^e�d¸��Ä]�ZÅ�Ê»�d�Âa�d]Â��Ê¼¿�{���ÉYÂÅ�|Ì·Âe�{Ây�Ã|À»{�Á�|�Z]�|À¯���
çèº �ÄÀË�³��d�Y�d��{���

d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�Z]� 
Thus, fans may become ineffective at cooling the body if the surrounding air is near body temperature and 
contains high humidity. 

{�Y{�É�fÆ]�{�°¸¼��Ã|À»{�|�Z]��f¼¯�É{Á�Á�ÉYÂÅ�d]Â���Á�Z»{�Är¿ZÀq�¾ËY�]ZÀ]���
çéº �É�ÄÀË�³��d�Y�d��{���
Âe�Z]¾ËY�Ä]�Äm�d�Y�Ã|���¯}�¾f»��{�Ä¯���

One is palladium, which is permeable to hydrogen, but not (in any reasonable length of time) to other gases. 
|ËZ¼¿�}Â¨¿�ºË{ÓZa��Y�|¿YÂe�Ê»�½�Á�|ÌÅ��¬§� 
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Âe�Z]d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�Äm���

In such cases, at equilibrium (when the chemical potential of the diffusing gas must be the same on both sides of 
the membrane) 
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Distributor�za�ÊÀ »�Ä]��Ê»�Ã|ÀÀ¯�Ä¼¸¯�ÊÀ »�ºÅ�Ä¯�|�Z]Sparger Ê»��|�Z]. 

çíº �ÄÀË�³��d�Y�d��{���
Z]d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�� 

At lower fluid velocities, the solids remain in place as the fluid passes through the voids in the material. This is 
known as a packed bed reactor 

���{d����za�t���ÉÁ���]�|»Zm�cY�}�º¯�ÉZÅ�Ê»��¼m�Ã|ÀÀ¯�Ê»�ZÆ¿Y�ÉÔ]Ó��Y�µZÌ��Á�|¿Â��{�~³���
çîº �ÄÀË�³��d�Y�d��{���

d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�Z]� 
As the fluid velocity is increased, the reactor will reach a stage where the force of the fluid on the solids is 
enough to balance the weight of the solid material. This stage is known as incipient fluidization and occurs at 
this minimum fluidization velocity 

�dÌ·ZÌ��ÄÌ·ÁY�Ä¸u�»��{�dÌ·ZÌ��¶«Y|u��½M�É�Z��ÁZÀ��Ä]��{Z«�Á�Ã{�¯�Ä^¸£�cY�}�½�Á��]�µZÌ���Y�Ê�Z¿�ÉÁ�Ì¿�Ê»�ZÅ�|�Z]���
èåº �ÄÀË�³��d�Y�d��{���

d�Y�Ã|���¯}�¾f»��{�Ä°ÀËY�Ä]�ÄmÂe�Z]� 
Once this minimum velocity is surpassed, the contents of the reactor bed begin to expand and swirl around 
much like an agitated tank or boiling pot of water. The reactor is now a fluidized bed 

�}��{�³Ê»�\^��|»Zm�cY��®Ë�|À¿Z¼Å�Ã|��µZÌ��k�]�Ä¯�{Â�agitated tank�|ËZ¼¿��Zf§�� 
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