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�0�o�‚�t�;���‰�b�|�_���-���1�o�u�h���b�v���-���h�m�o�‰�m���-�1�1�;�r�|�-�0�t�;���t�;�-�h�J	ž�]�_�|��
�1�o�m�|�-�b�m�;�u�� �=�o�u�� �‰�b�m�;�� �;�ˆ�;�m�� �|�_�o�†�]�_�� �b�|�� �|�;�1�_�m�b�1�-�t�t�‹��
�<�t�;�-�h�v�=�:�� �$�_�b�v�� �]�o�;�v�� �|�o�� �v�_�o�‰�� �|�_�;�� �b�l�r�o�u�|�-�m�1�;�� �o�=��
�1�t�;�-�u�t�‹�� �7�;�C�m�b�m�]�� �-�� �v�r�;�1�b�C�1�-	ž�o�m�� �v�b�m�1�;�� �>�m�o�� �t�;�-�h�?�� �|�o��
�v�o�l�;�� �r�;�o�r�t�;�� �|�;�1�_�m�b�1�-�t�t�‹�� �-�1�|�†�-�t�t�‹�� �l�;�-�m�v�� �>�-��
�v�r�;�1�b�C�;�7���-�1�1�;�r�|�-�0�t�;���-�l�o�†�m�|���o�=���-�b�u���t�;�-�h�-�]�;�?�:

���[�;�m�� 	ž�l�;�v�7�� �l�-�m�†�=�-�1�|�†�u�;�u�v�� �‰�b�t�t�� �h�m�o�‰�� �|�_�-�|�� �|�_�;�b�u��
�r�u�o�7�†�1�|���m�;�;�7�v���|�o���0�;���-�b�u	ž�]�_�|���v�o���|�_�;�‹���v�_�o�‰���|�_�;���|�;�v�|��
�;�t�†�b�r�l�;�m�|�� �r�u�o�ˆ�b�7�;�u�� �|�_�;�b�u�� �1�o�l�r�o�m�;�m�|�� �-�m�7�� �v�-�‹�� �b�|��
�m�;�;�7�v���|�o���0�;���t�;�-�h���=�u�;�;�:�������o�‰�;�ˆ�;�u�7���|�_�;�u�;���b�v���m�o���v�†�1�_��
�|�_�b�m�]�� �-�v�� �-�� �r�u�o�7�†�1�|�� �‰�b�|�_�� �-�� �1�o�l�r�t�;�|�;�t�‹�� �Œ�;�u�o�� �t�;�-�h��
�u�-�|�;�:�����	�;�C�m�b�m�]���-���r�u�;�1�b�v�;���-�1�1�;�r�|�-�0�t�;���t�;�-�h���u�-�|�;���-�m�7��
�|�;�v�|���r�u�;�v�v�†�u�;���v�r�;�1�b�C�1�-	ž�o�m���=�u�o�l���|�_�;���0�;�]�b�m�m�b�m�]���1�-�m��
�_�;�t�r�� �-�ˆ�o�b�7�� �†�m�m�;�1�;�v�v�-�u�‹�� �t�†�-�t�b�|�‹�� �1�o�m�|�u�o�t�� �1�o�v�|�v�� �b�m��
�u�;�f�;�1�|�;�7���r�-�u�|�v���-�m�7���l�-�m�†�=�-�1�|�†�u�b�m�]���1�_�-�m�]�;�v�:

���ˆ�;�m�� �b�=�� �|�_�;�� �t�;�-�h�� �u�-�|�;�� �b�v�� �v�o�� �v�l�-�t�t�7�� �t�b�h�;�� �•�:�•�•�� �1�†�0�b�1��
�1�;�m	ž�l�;�|�;�u�v�� �r�;�u�� �l�b�m�†�|�;�7�� �b�|�� �b�v�� �v	ž�t�t�� �b�l�r�o�u�|�-�m�|�� �|�o��
�v�r�;�1�b�=�‹�:�������|���b�v���m�o���7�b�@�;�u�;�m�|���|�_�-�m���u�;�t�†�b�u�b�m�]���-���r�;�u�=�;�1�|��
�l�-�m�†�=�-�1�|�†�u�b�m�]���l�-�1�_�b�m�b�m�]���|�o�t�;�u�-�m�1�;�7���r�t�†�v���o�u���l�b�m�†�v��
�•���l�b�1�u�o�m�7���o�m���-���u�†�t�;�u�:��

“Why can’t I just say that I want my product to have zero leaks?”

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



���Š�-�l�r�t�;�9������ �7�b�ˆ�b�m�]�� �‰�-�|�1�_�� �‰�b�t�t�� �0�;�� �v�†�0�l�b�‚�;�7�� �|�o�� �-��
�u�-�m�]�;���o�=���r�u�;�v�v�†�u�;���=�u�o�l���Œ�;�u�o���7�b�@�;�u�;�m	ž�-�t���0�;�|�‰�;�;�m��
�b�m�v�b�7�;�� �-�m�7�� �o�†�|�v�b�7�;�� �|�o�� �|�_�;�� �l�-�Š�b�l�†�l�� �7�;�r�|�_��
�v�r�;�1�b�C�;�7���P�b�;�:���”�•���l�Q���-�|���|�;�l�r�;�u�-�|�†�u�;�v���u�-�m�]�b�m�]���=�u�o�l��
�u�•�����;�t�v�b�†�v���|�o���J�’�•�����;�t�v�b�†�v�:

���=���-���r�u�o�7�†�1�|���t�;�-�h�v�7���_�o�‰���7�;�|�u�b�l�;�m�|�-�t���b�v���|�_�;���t�;�-�h���|�o��
�|�_�;���1�o�m�v�†�l�;�u�5

���o�‰�� �t�o�m�]�� �b�v�� �|�_�;�� �7�;�ˆ�b�1�;�� �;�Š�r�;�1�|�;�7�� �|�o�� �u�;�l�-�b�m�� �-�|��
�r�;�-�h���1�o�m�7�b	ž�o�m�5

���� �r�u�o�7�†�1�|�� �v�_�o�†�t�7�� �0�;�� �|�;�v�|�;�7�� �-�|�� �-�l�0�b�;�m�|��
�|�;�l�r�;�u�-�|�†�u�;���-�|���|�_�;���|�_�;���m�o�u�l�-�t���r�u�;�v�v�†�u�;�P�v�Q���|�_�-�|���|�_�;��
�7�;�ˆ�b�1�;���‰�b�t�t���;�Š�r�;�u�b�;�m�1�;���‰�_�b�t�;���b�|���b�v���b�m���†�v�;�:

SPECIFICATION CONSIDERATIONS

TEST SCENARIOSCONSEQUENCES

CONDITIONS

SHELF LIFE

���b�t�†�b�7���=�u�o�l���]�;	®�m�]���o�†�|���o�=���-���1�o�m�|�-�b�m�;�u 
�0�;�ˆ�;�u�-�]�;���1�o�m�|�-�b�m�;�u�v�6���u�-�7�b�-�|�o�u�6���r�_�-�u�l�-�1�;�†�¼�1�-�r���ˆ�b�-�r�v

���b�u���r�u�;�v�v�†�u�;���]�;	®�m�]���o�†�|���o�=���-���1�o�m�|�-�b�m�;�u  
�¼�u�;�v�6�������•���0�o�‚�r�;

���-�1�|�;�u�b�-���]�;	®�m�]���b�m�|�o���-���1�o�m�|�-�b�m�;�u
�v�|�;�u�b�r�;���v�o�r�†�¼�o�m�v�6���l�;�7�b�1�-�r�6���1�o�v�l�;�¼�1�v�6���=�o�o�7

���b�t�†�b�7���=�u�o�l���]�;	®�m�]���b�m�v�b�7�;���-���1�o�m�|�-�b�m�;�u 
�‰�-�|�;�u�r�u�o�o�=���;�r�;�1�|�u�o�m�b�1�v

���-�Œ�-�u�7�o�†�v���]�-�v�;�v���]�;	®�m�]���o�†�|���o�=���-���1�o�m�|�-�b�m�;�u 
gas range

�>���;�=�o�u�;���]�;	®�m�]���b�m�|�o���t�;�-�h���|�;�v	ž�m�]���v�r�;�1�b�C�1�-	ž�o�m���7�;�|�-�b�t�v�7���|�_�;�u�;���-�u�;���t�o�|���o�=���r�u�;�t�b�l�b�m�-�u�‹���t�†�;�v	ž�o�m�v���|�o��

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



AIR LEAK TEST SPECIFICATIONS

TEST SPECIFICATION EXAMPLESWHAT TO SPECIFY

���m�� �;�Š�r�;�u�b�;�m�1�;�7�7�� �;�v�|�-�0�t�b�v�_�;�7�� �t�;�-�h�� �|�;�v	ž�m�]��
�1�o�l�r�-�m�‹�7���t�b�h�;�����$��� �7���_�-�v���v�;�;�m���|�_�o�†�v�-�m�7�v���o�=��
�-�r�r�t�b�1�-	ž�o�m�v���|�_�-�|�� �1�-�m�m�o�|�� �-�t�t�� �0�;�� �t�b�v�|�;�7���b�m���|�_�b�v��
�7�o�1�†�l�;�m�|�:�� �� �$�_�;�u�;�� �b�v�� �m�o�� �o�m�;�� �v�b�Œ�;�� �C�|�v�� �-�t�t��
�v�r�;�1�b�C�1�-	ž�o�m�� �=�o�u�� �-�� �]�b�ˆ�;�m�� �-�r�r�t�b�1�-	ž�o�m�7��
�_�o�‰�;�ˆ�;�u�7�� �b�|�� �b�v�� �r�o�v�v�b�0�t�;�� �|�o�� �r�u�o�ˆ�b�7�;�� �v�o�l�;��
�;�Š�-�l�r�t�;�v�� �o�=�� �� �v�r�;�1�b�C�1�-	ž�o�m�� �u�-�m�]�;�v�� �=�o�u�� �-��
�ˆ�-�u�b�;�|�‹�� �o�=�� �-�r�r�t�b�1�-	ž�o�m�v�� �|�o�� �]�b�ˆ�;�� �-�� �v�|�-�u	ž�m�]��
�r�o�b�m�|���=�o�u���]�†�b�7�b�m�]���;�m�]�b�m�;�;�u�v���‰�_�o���-�u�;���u�;�t�†�b�u�;�7��
�|�o���7�;�|�;�u�l�b�m�;���|�;�v	ž�m�]���v�r�;�1�b�C�1�-	ž�o�m�v�:

EXAMPLE: 

1 sccm �P�v�|�-�m�7�-�u�7���1�†�0�b�1���1�;�m	ž�l�;�|�;�u���r�;�u���l�b�m�†�|�;�Q at 
15 PSIG �P�r�o�†�m�7�v���r�;�u���v�t�†�-�u�;���b�m�1�_���]�-�†�]�;���r�u�;�v�v�†�u�;�Q��

EXAMPLE: 

�“�•���l�b�1�u�o�m���7�b�-�l�;�|�;�u���r�;�u�=�;�1�|���r�;�u�r�;�m�7�b�1�†�t�-�u��
�1�‹�t�b�m�7�;�u���o�m���-���v�l�o�o�|�_���v�†�u�=�-�1�;�7���‰�b�|�_���v�_�-�u�r��
�;�7�]�;�v���’�l�l���t�o�m�]�7���-�|���³���”�•�•���l�0�-�u��

�’�•�•���l�b�1�u�o�m���7�b�-�l�;�|�;�u���_�o�t�;���b�m���-���’�•���l�b�1�u�o�m���|�_�b�1�h��
�‰�-�t�t���-�|���J�“���b�m�1�_�;�v���o�=���l�;�u�1�†�u�‹���u�;�t�-	ž�ˆ�;���P�]�-�†�]�;�Q���b�m��
�ˆ�-�1�†�†�l�:

Air test le�-�h���u�-�|�;�v���-�u�;���]�;�m�;�u�-�t�t�‹���v�r�;�1�b�C�;�7���0�‹���o�m�;��
�o�=���|�‰�o���l�;�|�_�o�7�v�9

���b�u�� ��t�o�‰ �P�b�m�� �v�|�-�m�7�-�u�7�� �|�;�l�r�;�u�-�|�†�u�;�� �_�� �-�|�l�o�v�r�_�;�u�b�1�� �r�u�;�v�v�†�u�;��

�1�o�m�7�b	ž�o�m�v�Q at a given Test Pressure �P�u�;�t�-	ž�ˆ�;�F�]�-�†�]�;���r�u�;�v�v�†�u�;�Q

���|�_�;�u�� 	ž�l�;�v�7�� �t�;�-�h�� �u�-�|�;�v�� �-�u�;�� �v�r�;�1�b�C�;�7�� �0�‹�9��Leak 
�_�o�t�;�� �r�-�|�_�� �]�;�o�l�;�|�u�‹�F�7�b�l�;�m�v�b�o�m�v��and surface 
�|�;�Š�|�†�u�;�F�-�t�b�]�m�l�;�m�|��and�� �-�� �|�;�v�|�� �r�u�;�v�v�†�u�;�F�ˆ�-�1�†�†�l�:

�$�_�;�� �|�‰�o�� �]�;�o�l�;�|�u�b�1��
�v�r�;�1�b�C�1�-	ž�o�m�v�� �-�0�o�ˆ�;��
have to be translated to 
�-�m�� �-�b�u�� �Y�o�‰�� �|�‹�r�;��
�v�r�;�1�b�C�1�-	ž�o�m�� �0�;�=�o�u�;��
�0�;�b�m�]�� �†�v�;�7�� �0�‹�� �|�_�;�� �-�b�u��
leak tester so it is ideal 
�|�o�� �7�b�u�;�1�|�t�‹�� �v�r�;�1�b�=�‹�� �|�_�;��
�-�b�u���Y�o�‰���|�‹�r�;�:

���†�|�o�����†�Z�;�u�F���-�|�-�t�‹	ž�1�����o�m�ˆ�;�u�|�;�u�9��
�‘�•���|�o���’�•�•���v�1�1�l���-�|���³�”�•�•���l�0�-�u

�"�|�o�ˆ�;�����-�v���(�-�t�ˆ�;�9��
�•�:�•�”���|�o���•���v�1�1�l���-�|���‘�•���l�0�-�u�:��

�!�-�7�b�-�|�o�u�9��
�•�:�”���|�o���•�•���v�1�1�l���-�|���•���0�-�u

���†�|�o�����b�t�����-�m�9��
�•�:�”���|�o���“���v�1�1�l���-�|���”�•�•���l�0�-�u

�>���b�u���t�;�-�h���|�;�v	ž�m�]���v�r�;�1�b�C�1�-	ž�o�m�v���|�‹�r�b�1�-�t�t�‹���b�m�1�t�†�7�;���-�m���-�1�1�;�r�|�-�0�t�;���t�;�-�h���u�-�|�;���-�|���-���]�b�ˆ�;�m���|�;�v�|���r�u�;�v�v�†�u�;�?

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



THEORETICAL APPROACHES

USING CO2 INSTEAD OF AIRNO COMPARABLE COMPONENTS

�$�������!���$�����������������!�����������r�‘

�)���������F�$���!��������������	���)���$�������•�‘�9 

�$�_�;�������‘���t�;�-�h���o�=���•�:�•�‘�“���v�1�1�l���-�|���’�•�����"�����b�v��
�h�m�o�‰�m�:

�����t�-�l�b�m�-�u���Y�o�‰���l�o�7�;�t���=�o�u���ˆ�;�u�‹���v�l�-�t�t���t�;�-�h�v��
�P�r�o�u�o�v�b�|�‹���o�u���t�o�m�]���t�;�-�h���r�-�|�_�Q���1�-�m���0�;���†�v�;�7�:

���;�-�h���b�m���-�b�u���·���t�;�-�h���o�=�������‘���Š���7�‹�m�-�l�b�1���ˆ�b�v�1�o�v�b�|�‹��
�o�=���-�b�u�F�7�‹�m�-�l�b�1���ˆ�b�v�1�o�v�b�|�‹���o�=�����•�‘

�	�‹�m�-�l�b�1���ˆ�b�v�1�o�v�b�|�‹���o�=���-�b�u���-�|���‘�•�����;�t�v�b�†�v���·��
�•�:�v�‘�•�”�V���;�Š�r���J�”�����-�F�v

�	�‹�m�-�l�b�1���ˆ�b�v�1�o�v�b�|�‹���o�=�������‘���-�|���‘�•��
���;�t�v�b�†�v�·�•�:�“�•���;�Š�r�J�”�����-�F�v

Therefore using an air leak test would 
�l�;�-�v�†�u�;�9��
�����t�;�-�h���b�m���-�b�u���·���:�•�‘�“���V���•�:�v�‘�F�•�:�“�•�·�•�:�•�‘�–���v�1�1�l��

�)�_�-�|���b�=���|�_�-�|���v�-�l�;��	ž�u�;���‰�-�v���|�o���0�;���C�t�t�;�7���‰�b�|�_��
�����‘�� �b�m�v�|�;�-�7�� �o�=�� �v�|�-�m�7�-�u�7�� �1�o�l�r�u�;�v�v�;�7�� �-�b�u�5����
���o�‰�� �‰�o�†�t�7�� �|�_�-�|�� �-�@�;�1�|�� �|�_�;�� �t�;�-�h�� �|�;�v	ž�m�]��
�v�r�;�1�b�C�1�-	ž�o�m�5

���=�� �|�_�;�� �|�;�v�|�� �r�u�o�7�†�1�|�� �b�v�� �m�o�|�� �v�b�l�b�t�-�u�� �|�o�� �|�_�;��
�;�Š�-�l�r�t�;�v���o�u���-���r�†�u�;�t�‹���|�_�;�o�u�;	ž�1�-�t���-�r�r�u�o�-�1�_���b�v��
�7�;�v�b�u�;�7�7���|�_�;�u�;���-�u�;���o�|�_�;�u���‰�-�‹�v���|�o���7�;�C�m�;���-���|�;�v�|��
�v�r�;�1�b�C�1�-	ž�o�m�:�� �� �$�_�;�� �v�b�l�r�t�;�v�|�� �v�r�;�1�b�C�1�-	ž�o�m�� �b�v��
�1�o�m�|�-�b�m�b�m�]���-�b�u���r�u�;�v�v�†�u�;���=�o�u���-���]�b�ˆ�;�m���-�l�o�†�m�|���o�=��
	ž�l�;�:

�>�)�_�;�m���|�_�;�v�;���r�-�u�-�l�;�|�;�u�v���-�u�;���h�m�o�‰�m�7���|�_�;���;�-�v�b�;�v�|���‰�-�‹���|�o���7�;�ˆ�;�t�o�r���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�v���b�v���|�o���1�o�l�r�-�u�;��
�b�|���|�o���-���r�u�o�7�†�1�|���‰�b�|�_���v�b�l�b�t�-�u���h�m�o�‰�m���r�-�u�-�l�;�|�;�u�v���=�u�o�l�����$��� �=�v���;�Š�b�v	ž�m�]���]�t�o�0�-�t���-�r�r�t�b�1�-	ž�o�m�v���r�o�u�•�o�t�b�o�:�?

�$�������!���$�����������������!�����������r�•

�)���������F�$���!��������������	���)���$���������!�9 

�$�_�;���;�m�7���]�o�-�t���b�v���|�o���h�;�;�r���’�•�����"�������b�m���|�_�;���‰�_�;�;�t��
�=�o�u���•���‹�;�-�u���‰�_�b�t�;���-�t�t�o�‰�b�m�]���†�r���|�o���’�����"�����o�=���7�u�o�r���b�m��
�u���l�o�m�|�_�v�:

�&�v�;���|�_�;�� �-�b�u���ˆ�o�t�†�l�;�� �o�=���|�_�;���v�l�-�t�t�;�v�|�� 	ž�u�;�F�‰�_�;�;�t��
�|�_�-�|���‰�o�†�t�7���0�;���l�o�v�|���-�@�;�1�|�;�7���0�‹���-���t�;�-�h�:

�$�_�;�� �-�r�r�u�o�Š�b�l�-�|�;�� �u�;�t�-	ž�o�m�� �o�=�� �r�u�;�v�v�†�u�;�� �7�u�o�r�� �|�o��
�t�;�-�h���b�v���9
���;�-�h�� �b�m�� �v�1�1�l�·�� �•�:�•�•�•�u�Š�� �|�;�v�|�� �ˆ�o�t�†�l�;�� �b�m�� �1�1�� �Š��
�r�u�;�v�v�†�u�;���7�u�o�r���b�m�����-�F	ž�l�;���P�b�m���v�;�1�o�m�7�v�Q

���;�-�h�� �b�m�� �v�1�1�l�·�� �•�:�•�•�•�u�� �Š�� �’�•�� �•�•�•�Š�� �’�Š��
�u�v�–�•�F�•�”�7�”�”�‘�7�•�•�•���·���•�:�•�‘�“���v�1�1�l

�"�o�� �|�_�;�� �1�o�l�r�o�m�;�m�|�v�� �o�m�� �|�_�;�� 	ž�u�;�F�‰�_�;�;�t��
�-�v�v�;�l�0�t�‹�7���t�b�h�;���‹�o�†�u��	ž�u�;���ˆ�-�t�ˆ�;�7���v�_�o�†�t�7���0�;���|�;�v�|�;�7��
�=�o�u���•�:�•�‘�“���v�1�1�l���-�|���’�•�����"��

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



CONTAINMENT OF LIQUID

SURFACE TENSION ON MATERIALS

TESTING AROUND SURFACE TENSIONPOROUS MATERIALS

�>�)�_�;�|�_�;�u���‹�o�†���‰�-�m�|���|�o���h�;�;�r���-���t�b�t�†�b�7���o�†�|���o�u���1�o�m�|�-�b�m���-���t�b�t�†�b�7���b�m�7���|�_�;���r�u�o�0�t�;�l���b�v���|�_�;���v�-�l�;�:�?

���o�‰���b�v���b�|���r�o�v�v�b�0�t�;���|�_�-�|���-���r�o�u�o�†�v���l�-�|�;�u�b�-�t���t�b�h�;��
�-���‰�b�m�;���1�o�u�h���7�o�;�v���m�o�|���-�t�t�o�‰���t�b�t�†�b�7�v���o�†�|�5

�$�_�b�v�� �b�v�� �7�†�;�� �|�o�� �|�_�;�� �r�u�o�r�;�u�|�‹�� �o�=�� �-�� �t�b�t�†�b�7��
�b�m�|�;�u�=�-�1�b�m�]�� �‰�b�|�_�� �l�-�|�;�u�b�-�t�v�7�� �t�b�h�;�� �-�b�u�7�� �1�-�t�t�;�7��
�v�†�u�=�-�1�;���|�;�m�v�b�o�m�:���"�†�u�=�-�1�;���|�;�m�v�b�o�m���-�t�t�o�‰�v���v�o�l�;��
insects to walk on water because if the force 
�;�Š�;�u�|�;�7�� �0�‹�� �|�_�;�� �‰�;�b�]�_�|�� �o�=�� �|�_�;�� �b�m�v�;�1�|�� �b�v�� �t�;�v�v��
than the surface tension, the insect does not 
�v�b�m�h�:

�"�†�u�=�-�1�;�� �|�;�m�v�b�o�m�� �l�-�h�;�v�� �v�o�l�;�� �l�-�|�;�u�b�-�t�v��
���‹�7�u�o�r�_�b�t�b�1���P�;�Š�:�� �1�;�t�t�†�t�o�v�;�� �r�-�r�;�u�� �|�o�‰�;�t�7�� �]�t�-�v�v��
�‰�b�m�7�v�_�b�;�t�7�Q�� �o�u�����‹�7�u�o�r�_�o�0�b�1�� �P�1�;�t�t�†�t�o�v�;�� �1�o�‚�o�m��
�=�-�0�u�b�1�� �|�u�;�-�|�;�7�� �‰�b�|�_�� �"�1�o�|�1�_�� �]�†�-�u�7�7�� �1�o�u�h�7��
�‰�b�m�7�v�_�b�;�t�7���|�u�;�-�|�;�7���‰�b�|�_���!�-�b�m���*�Q�:

�	�;�r�;�m�7�b�m�]�� �o�m�� �|�_�;�� �v�†�u�=�-�1�;�� �|�u�;�-�|�l�;�m�|�7�� �|�_�;��
�v�-�l�;�� �l�-�|�;�u�b�-�t�� �1�-�m�� �u�;�r�;�t���‰�-�|�;�u�� �o�u�� �-�0�v�o�u�0�� �b�|�:��
���‹�7�u�o�r�_�o�0�b�1���l�-�|�;�u�b�-�t�v���1�o�m�|�-�b�m���‰�-�|�;�u���0�;�‚�;�u��
�|�_�-�m���_�‹�7�u�o�r�_�b�t�b�1���l�-�|�;�u�b�-�t�v�:

�"�o�l�;�� �‰�o�ˆ�;�m�� �-�m�7�� �m�o�m�J�‰�o�ˆ�;�m�� �=�-�0�u�b�1�v�7�� �t�b�h�;��
���o�u�;�J�|�;�Š�� �o�u�� �$�‹�ˆ�;�h�7�� �†�v�;�� �|�_�b�v�� �r�u�o�r�;�u�|�‹�� �|�o�� �t�;�|��
�|�_�;���=�-�0�u�b�1���0�u�;�-�|�_�;���|�_�u�o�†�]�_���|�_�o�†�v�-�m�7�v���o�=��	ž�m�‹��
�_�o�t�;�v���‰�b�|�_�o�†�|���t�;	®�m�]���t�b�t�†�b�7���‰�-�|�;�u���|�_�u�o�†�]�_�:

���m���o�u�7�;�u���|�o���h�m�o�‰���b�=���|�_�;���|�;�v�|���=�o�u���-�b�u���Y�o�‰���b�v�����-�|��
a pressure below the surface tension, it is 
�;�v�v�;�m	ž�-�t���|�o���;�ˆ�-�t�†�-�|�;���|�_�;���v�o�†�u�1�;���o�=���t�;�-�h�v���o�m��
�‹�o�†�u���r�u�o�7�†�1�|�:�����v���|�_�;���t�;�-�h���7�†�;���|�o���-���l�†�t	ž�J�_�o�t�;��
�r�o�u�o�v�b�|�‹�� �b�m�� �-�� �1�-�v	ž�m�]�7�� �o�u�� �-�� �v�b�m�]�t�;�� �t�;�-�h�� �r�-�|�_��
�|�_�u�o�†�]�_���-���]�-�v�h�;�|�5��

�"�†�u�=�-�1�;�� �|�;�m�v�b�o�m�� �‰�b�t�t�� �v�;�-�t�� �l�o�u�;�� �;�-�v�b�t�‹�� �o�m�� �-��
�r�o�u�o�†�v�� �1�o�l�r�o�m�;�m�|�� �|�_�-�m�� �o�m�� �-�� �v�b�m�]�t�;�� �_�o�t�;��
�1�o�l�r�o�m�;�m�|�� �;�ˆ�;�m�� �b�=�� �|�_�;�‹�� �Y�o�‰�� �|�_�;�� �v�-�l�;��
�-�l�o�†�m�|���o�=���-�b�u���†�m�7�;�u���|�_�;���v�-�l�;���r�u�;�v�v�†�u�;�:

�"�o�� �=�o�u�� �-�m�� �-�b�u�� �t�;�-�h�� �|�;�v�|�7�� �b�|�� �l�;�-�m�v�� �|�_�-�|�� �-�|�� �-��
pressure below the surface tension, air can 
�Y�o�‰���0�†�|�� �m�o�|���‰�-�|�;�u�� �:���|�� �r�u�;�v�v�†�u�;�v�� �-�0�o�ˆ�;�� �|�_�;��
�v�†�u�=�-�1�;���|�;�m�v�b�o�m�7���0�o�|�_���-�b�u���-�m�7���‰�-�|�;�u���1�-�m���Y�o�‰��
which is crucial to understand for giving a 
�]�o�o�7���-�b�u���t�;�-�h���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�:

�$�_�;���v�-�l�;���|�_�b�m�]���_�-�r�r�;�m�v���‰�b�|�_���|�_�;���‰�b�m�;�:�����=���|�_�;��
�r�o�u�;���v�b�Œ�;���o�=���|�_�;���m�-�|�†�u�-�t���1�o�u�h���b�v���v�l�-�t�t���;�m�o�†�]�_�7��
�|�_�;�� �‰�b�m�;�� �v�†�u�=�-�1�;�� �|�;�m�v�b�o�m�� �‰�b�t�t�� �0�;�� �l�o�u�;�� �|�_�-�m��
�|�_�;�� �‰�;�b�]�_�|�� �o�=�� �‰�b�m�;�7�� �-�m�7�� �|�_�;�� �‰�b�m�;�� �‰�b�t�t�� �v�|�-�‹��
�b�m�v�b�7�;���|�_�;���0�o�‚�t�;�:��

��o�u�� �v�r�-�u�h�t�b�m�]�� �‰�b�m�;�7�� �|�_�;�� �v�|�o�r�r�;�u�� �l�-�|�;�u�b�-�t�� �b�v��
�;�b�|�_�;�u���r�t�-�v	ž�1���o�u���;�m�]�b�m�;�;�u�;�7���1�o�u�h���v�b�m�1�;���b�|���_�-�v��
�|�o�� �h�;�;�r�� �|�_�;�� �t�b�t�†�b�7�� �����	�� �r�u�;�v�v�†�u�;�� �b�m�v�b�7�;�� �|�_�;��
�0�o�‚�t�;�:��
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���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



QUANTIFYING SURFACE TENSION EFFECTS

BREAKING THE TENSIONTYPICAL SURFACE TENSION MODELS

“�$�_�;�u�;���b�v���-���7�b�v	ž�m�1	ž�ˆ�;���u�;�t�-	ž�o�m�v�_�b�r���0�;�|�‰�;�;�m���|�_�;���r�u�;�v�v�†�u�;���m�;�;�7�;�7���|�o���0�u�;�-�h���|�_�;���v�†�u�=�-�1�;���|�;�m�v�b�o�m���-�m�7���|�_�;��
�7�b�-�l�;�|�;�u���o�=���-���_�o�t�;���|�_�-�|���v�_�o�†�t�7���0�;���|�-�h�;�m���b�m�|�o���1�o�m�v�b�7�;�u�-	ž�o�m���‰�_�;�m���7�;�ˆ�;�t�o�r�b�m�]���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�v�:�?

�$�_�;�� �l�o�v�|�� �1�o�l�l�o�m�� �v�†�u�=�-�1�;�� �|�;�m�v�b�o�m�� �l�o�7�;�t��
�†�v�;�v���-���r�;�u�=�;�1�|���1�‹�t�b�m�7�u�b�1�-�t���_�o�t�;�7���r�;�u�r�;�m�7�b�1�†�t�-�u��
�|�o�� �|�‰�o�� �r�-�u�-�t�t�;�t�� �v�l�o�o�|�_�� �v�†�u�=�-�1�;�v�7�� �-�m�7���‰�b�|�_�� �-��
�v�_�-�u�r���;�7�]�;�:�����o�‰�;�ˆ�;�u�7���b�|���u�-�u�;�t�‹���C�|�v���|�_�;���u�;�-�t�b�|�‹��
�o�=���-���t�;�-�h�7���-�v���b�|���b�v���o�m�t�‹���-���|�_�;�o�u�;	ž�1�-�t���l�o�7�;�t�:��

�$�_�;���;�@�;�1�|���o�=���v�†�u�=�-�1�;���|�;�m�v�b�o�m���o�=���-���t�b�t�†�b�7���o�m���-��
�v�†�u�=�-�1�;�� �b�v�� �t�†�-�m	ž�C�;�7�� �0�‹�� �-�� �r�_�‹�v�b�1�-�t�� �r�u�o�r�;�u�|�‹��
�1�-�t�t�;�7���1�o�m�|�-�1�|���-�m�]�t�;�:��

���=�� �‰�;�� �|�-�h�;�� �|�_�;�� �;�Š�-�l�r�t�;�� �o�=�� �r�†�u�;�� �‰�-�|�;�u�7�� �|�_�;��
contact angle varies a lot depending on 
�l�-�|�;�u�b�-�t�v�:�� �"�o�l�;�� �_�‹�7�u�o�r�_�o�0�b�1�� �l�-�|�;�u�b�-�t�v�7�� �t�b�h�;��
�$�;�Y�o�m�7���_�-�ˆ�;���-���1�o�m�|�-�1�|���-�m�]�t�;���o�=���l�o�u�;���|�_�-�m���–�•��
�7�;�]�u�;�;�v�7�� �v�o�l�;�� �_�‹�7�u�o�r�_�b�t�b�1�� �l�-�|�;�u�b�-�t�v�7�� �t�b�h�;��
�]�t�-�v�v�7���_�-�ˆ�;���-���t�o�‰���1�o�m�|�-�1�|���-�m�]�t�;�:��

�$�_�;�� �u�;�t�-	ž�o�m�� �0�;�|�‰�;�;�m�� �|�_�;�� �r�u�;�v�v�†�u�;�� �m�;�;�7�;�7��
to break the surface tension and the 
�7�b�-�l�;�|�;�u���o�=���|�_�;���_�o�t�;���b�v���-�v���=�o�t�t�o�‰�v�9

���‹�7�u�o�r�_�o�0�b�1�� ���-�|�;�u�b�-�t�v�7�� �‰�b�|�_�� �|�_�;�|�-�� �Ù�� �l�o�u�;��
�|�_�-�m���–�•���7�;�]�u�;�;�v

�����0�;�b�m�]���|�_�;���r�u�;�v�v�†�u�;���m�;�1�;�v�v�-�u�‹���|�o���0�u�;�-�h���|�_�;��
surface tension, r the radius of the hole, and 
the surface tension of water

���‹�7�u�o�r�_�b�t�b�1�����-�|�;�u�b�-�t�v�7���‰�b�|�_���|�_�;�|�-���Ù���t�;�v�v���|�_�-�m��
�–�•���7�;�]�u�;�;�v��

���m�1�;���|�_�;���7�b�-�l�;�|�;�u���o�=���|�_�;���|�_�;�o�u�;	ž�1�-�t���_�o�t�;���b�v��
�h�m�o�‰�m�7���‹�o�†���m�;�;�7���|�o���h�m�o�‰���|�_�;���t�;�m�]�|�_���o�=���|�_�;��
�_�o�t�;�:

��o�u�� �|�_�;�� �t�;�m�]�|�_�� �o�=�� �|�_�;�� �_�o�t�;�7�� �‹�o�†�� �m�;�;�7�� �|�o��
�1�_�o�o�v�;���|�_�;���‰�-�t�t���|�_�b�1�h�m�;�v�v���o�=���‹�o�†�u���t�b�h�;�t�‹���t�;�-�h��
�r�-�|�_���b�m���|�_�;���7�;�ˆ�b�1�;���‹�o�†���‰�-�m�|���|�o���|�;�v�|�:
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AIR FLOW MODELS

�7�9���7�b�-�l�;�|�;�u���o�=���|�_�;���_�o�t�;���b�m���l�;�|�;�u�v

���9���|�_�;���t�;�m�]�|�_���o�=���|�_�;���_�o�t�;���b�m���l�;�|�;�u�v

���‘�9���-�0�v�o�t�†�|�;���r�u�;�v�v�†�u�;���†�r�v�|�u�;�-�l���|�_�;���_�o�t�; 
�P�‹�o�†�u���|�;�v�|���r�u�;�v�v�†�u�;�Q���b�m�����-���P���-�v�1�-�t�v�Q

���•�9���-�0�v�o�t�†�|�;���r�u�;�v�v�†�u�;���7�o�‰�m�v�|�u�;�-�l���|�_�;���_�o�t�; 
�P�-�|�l�o�v�r�_�;�u�;���b�m���]�;�m�;�u�-�t�Q���b�m�����-���P���-�v�1�-�t�v�Q

Pstd�·���v�|�-�m�7�-�u�7���r�u�;�v�v�†�u�;���P�•�•�•�’�‘�”�����-�v�1�-�t�v�Q��

���-�1�_�9 the speed of sound

�â�9���|�_�;���7�;�m�v�b�|�‹���o�=���|�_�;���]�-�v���b�m�����]�F�l�’����

�Ý�9�����v���|�_�;���7�‹�m�-�l�b�1���ˆ�b�v�1�o�v�b�|�‹���o�=���|�_�;���]�-�v���-�| 
�-�l�0�b�;�m�|���|�;�l�r�;�u�-�|�†�u�;���b�m�����-�F�v

���-�l�b�m�-�u�9�� �|�_�;�� �l�o�v�|��
�1�o�l�l�o�m�t�‹���†�v�;�7���o�m���|�_�b�1�h��
wall leak path

�$�_�;�� �|�_�u�;�;�� �|�_�;�o�u�;	ž�1�-�t��
�Y�o�‰���l�o�7�;�t�v���=�o�u���-�b�u���-�u�;�9

Turbulent�9�� �1�o�l�l�o�m�t�‹��
used on thin wall leak 
�r�-�|�_�v�7�� �0�;�t�o�‰�� �‘��
�-�|�l�o�v�r�_�;�u�;�v���o�=���-�0�v�o�t�†�|�;��
�r�u�;�v�v�†�u�;�7�� �o�u�� �ˆ�-�1�†�†�l��
�-�0�o�ˆ�;���}���-�|�l�o�v�r�_�;�u�;

�"�†�r�;�u�v�o�m�b�1�9�� �1�o�l�l�o�m�t�‹�� �†�v�;�7�� �o�m�� �_�b�]�_��
�r�u�;�v�v�†�u�;�v���-�0�o�ˆ�;���‘���-�|�l�o�v�r�_�;�u�;�v���-�0�v�o�t�†�|�;���o�u��
�b�m���ˆ�-�1�†�†�l���t�;�v�v���|�_�-�m���}���-�|�l�o�v�r�_�;�u�;

THEORETICAL FLOW MODELS FOR AIR

VENA CONTRACTA

“�$�_�;���|�_�u�;�;���|�_�;�o�u�;	ž�1�-�t���Y�o�‰���l�o�7�;�t�v���o�u���-�b�u���-�u�;���t�-�l�b�m�-�u�7���|�†�u�0�†�t�;�m�|���-�m�7���v�†�r�;�u�v�o�m�b�1�?

���o�v�|�� �|�_�;�o�u�;	ž�1�-�t�� �Y�o�‰�� �l�o�7�;�t�v�� �7�o�� �m�o�|�� �C�|��
�•�•�•�w���|�o���u�;�-�t�b�|�‹�:������o�u���;�Š�-�l�r�t�;�7���b�m���-���|�_�b�1�h���‰�-�t�t�7��
�-�� �v�|�u�-�b�]�_�|�� �1�‹�t�b�m�7�u�b�1�-�t�� �t�;�-�h�� �r�-�|�_�� �-�1�|�†�-�t�t�‹�� �_�-�v��
�|�‰�o�� �|�‹�r�;�v�� �o�=�� �-�b�u�� �Y�o�‰�:�� ���$�_�;�� �;�m�|�u�-�m�1�;�� �o�=�� �|�_�;��
�t�;�-�h���r�-�|�_���_�-�v���|�†�u�0�†�t�;�m�|���Y�o�‰���|�_�;�m���|�_�;�u�;���b�v���-��
�r�-�|�_�� �‰�b�|�_�� �-�� �u�;�7�†�1�;�7�� �7�b�-�l�;�|�;�u�� �|�_�-�|�� �1�_�-�m�]�;�v��
�|�_�;���-�b�u���Y�o�‰���|�o���t�-�l�b�m�-�u�:��

�$�_�b�v���u�;�7�†�1�;�7���7�b�-�l�;�|�;�u���r�-�|�_���b�v���1�-�t�t�;�7���-���>�ˆ�;�m�-��
�1�o�m�|�u�-�1�|�-�?���‰�_�b�1�_�7���o�m���v�_�-�u�r�� �-�m�]�t�;�� �1�‹�t�b�m�7�u�b�1�-�t��
�r�-�|�_�7�� �|�‹�r�b�1�-�t�t�‹�� �u�;�7�†�1�;�v�� �|�_�;�� �-�r�r�-�u�;�m�|��
�7�b�-�l�;�|�;�u���o�=���|�_�;���_�o�t�;���0�‹���•�”�w���|�o���‘�”�w�:

���$��� ���-�r�r�r�b�1�-�¼�o�m�v���;�m�]�b�m�;�;�u�v���_�-�ˆ�;���-��
�v�o�r�_�b�v�¼�1�-�|�;�7���1�-�r�1�†�r�-�|�o�u���|�_�-�|���-�r�r�o�‰�v���|�_�;�l���|�o��

�1�-�r�1�†�r�-�|�;���|�_�;���1�o�l�r�o�†�m�7���Y�o�‰���u�;�]�b�l�;�v�8��

This calculator also takes into account if the 
�t�;�-�h���_�o�t�;���b�v���m�o�|���-���r�;�u�=�;�1�|���1�‹�t�b�m�7�;�u���-�m�7���_�-�v���-��
�|�u�†�m�1�-�|�;�7���1�o�m�;���v�_�-�r�;���‰�b�|�_���-���|�-�r�;�u�;�7���-�m�]�t�;�:��

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



KEEPING MATERIALS IN, OUT, OR SEPARATED

KEEPING BACTERIA OUTPOROUS MATERIALS

�)�_�-�|���b�=���|�_�;���7�;�v�b�u�;���b�v���|�o���l�-�h�;���v�†�u�;���|�_�-�|���|�‰�o��
�t�b�t�†�b�7�v�� �7�o�� �m�o�|�� �l�b�Š�7�� �t�b�h�;�� �|�‰�o�� �1�o�t�o�u�v�� �o�=�� �b�m�h�5��
�)�_�;�m�� �t�b�t�†�b�7�� �b�v�� �o�m�� �0�o�|�_�� �v�b�7�;�v�� �o�=�� �|�_�;�� �_�o�t�;�7��
the surface tension with air does not help 
�h�;�;�r�� �|�_�;�� �t�b�t�†�b�7�v�� �v�;�r�-�u�-�|�;�:�� �$�_�;�u�;�� �1�o�†�t�7�� �0�;��
�7�b�@�;�u�;�m�1�;�v�� �o�=�� �v�-�t�|�� �1�o�m�|�;�m�|�� �0�;�|�‰�;�;�m�� �|�‰�o��
�‰�-�|�;�u�J�0�-�v�;�7�� �t�b�t�†�b�7�v�7�� �v�o�� �|�_�;�� �|�_�;�o�u�;	ž�1�-�t�� �-�b�u��
�Y�o�‰�� �|�_�;�o�u�b�;�v�� �‰�o�†�t�7�� �m�o�|�� �-�r�r�t�‹�:�� �� ���m�t�‹�� �-��
�1�o�l�r�-�u�b�v�o�m�� �0�;�|�‰�;�;�m�� �t�b�t�†�b�7�� �l�b�Š�b�m�]�� �|�;�v�|�v��
�-�m�7�� �-�b�u�� �|�;�v�|�� �u�;�v�†�t�|�v�� �1�-�m�� �_�;�t�r�� �7�;�|�;�u�l�b�m�;�� �-��
�|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�:

“�"�o�l�;	ž�l�;�v���r�u�o�7�†�1�|�v���m�;�;�7���t�;�-�h���|�;�v	ž�m�]���=�o�u���o�|�_�;�u���u�;�-�v�o�m�v���|�_�-�m���f�†�v�|���h�;�;�r�b�m�]���t�b�t�†�b�7�v��
in or out of a single opening ”

KEEPING LIQUIDS SEPARATE

CONTAINING FLAMMABLE GAS 

�$�_�;�� �|�;�v�|�� �v�r�;�1�b�C�1�-	ž�o�m�� �=�o�u�� �r�-�1�h�-�]�b�m�]�� �‰�o�†�t�7��
�0�;�� �7�;�u�b�ˆ�;�7�� �=�u�o�l�� �|�_�;�� �_�o�t�;�� �v�b�Œ�;�� �b�m�� �|�_�;��
�r�-�1�h�-�]�b�m�]�:�����$�_�;���_�o�t�;���_�-�v���|�o���0�;���v�l�-�t�t���;�m�o�†�]�_��
�|�o���m�o�|���t�;�|���b�m���-�m�‹���-�;�u�o�v�o�t���7�u�o�r�t�;�|�v���o�u���7�†�v�|���|�_�-�|��
could contain bacteria through the 
�r�-�1�h�-�]�b�m�]���-�m�7���o�m�|�o���|�_�;���l�;�7�b�1�-�t���7�;�ˆ�b�1�;�:

���;�7�b�1�-�t���r�-�1�h�-�]�b�m�]���=�u�;�t�†�;�m�|�t�‹���†�v�;�v���l�-�|�;�u�b�-�t�v��
�|�_�-�|���-�u�;���r�o�u�o�†�v���|�o���-�b�u���0�†�|���u�;�r�;�t�t�;�m�|���|�o���‰�-�|�;�u�:��
�$�_�b�v���l�;�-�m�v���-���Œ�;�u�o���-�b�u���t�;�-�h���v�r�;�1�b�C�1�-	ž�o�m���1�o�†�t�7��
�u�;�f�;�1�|�� �-�t�t�� �r�b�;�1�;�v�� �v�o�� �-�b�u�� �t�;�-�h�� �v�r�;�1�b�C�1�-	ž�o�m�v��
�_�-�ˆ�;�� �|�o�� �|�-�h�;�� �|�_�b�v�� �b�m�|�o�� �1�o�m�v�b�7�;�u�-	ž�o�m�� �|�o�� �0�;��
�v�†�u�;���|�_�;���v�r�;�1�b�C�1�-	ž�o�m�v���-�u�;�m�=�|���|�o�o���v�|�u�b�m�]�;�m�|�:

�"�o�l�;���1�o�†�m�|�u�b�;�v���_�-�ˆ�;���v�|�-�m�7�-�u�7���u�;�t�†�b�u�;�l�;�m�|�v��
�=�o�u�� �Y�-�l�l�-�0�t�;�� �]�-�v�;�v�� �t�b�h�;�� �m�-�|�†�u�-�t�� �]�-�v�7��
�t�b�t�†�;�C�;�7���r�;�|�u�o�t�;�†�l���]�-�v�7���r�u�o�r�-�m�;�7���o�u���0�†�|�-�m�;�:��
���=�� �� �m�o�� �v�|�-�m�7�-�u�7�� �|�;�v	ž�m�]�� �‰�-�v�� �l�-�m�7�-�|�;�7�7�� �|�_�;��
�-�m�1�b�;�m�|���r�u�-�1	ž�1�;���‰�-�v���|�o���|�;�v�|���=�o�u���-���t�o�‰���;�m�o�†�]�_��
�t�;�-�h�� �|�_�-�|���‰�b�t�t�� �m�;�ˆ�;�u�� �l�-�b�m�|�-�b�m�� �-�m�‹�� �Y�-�l�;�� �b�m�� �-��
�‰�;�t�t�J�ˆ�;�m	ž�t�-�|�;�7���-�u�;�-�:�����;�t�o�‰���-���]�b�ˆ�;�m���-�l�o�†�m�|�7��
natural gas would just dissipate without ever 
�u�;�-�1�_�b�m�]���-���1�o�m�1�;�m�|�u�-	ž�o�m���‰�_�;�u�;���b�]�m�b	ž�o�m���1�-�m��
�_�-�r�r�;�m�:

���;�=�o�u�;�� �-�b�u�� �t�;�-�h�� �|�;�v�|�� �v�‹�v�|�;�l�v�� �0�;�1�-�l�;�� �-��
�l�-�b�m�v�|�u�;�-�l�� �=�o�u�l�� �o�=�� �t�;�-�h�� �|�;�v	ž�m�]�7�� �]�-�v�� �u�-�m�]�;��
�l�-�m�†�=�-�1�|�†�u�;�u�v�� �C�t�t�;�7�� �|�_�;�� �u�-�m�]�;�� �‰�b�|�_�� �m�-�|�†�u�-�t��
�]�-�v�� �-�m�7�� �†�v�;�7�� �-�m�� �o�r�;�m�� �Y�-�l�;�� �|�o�� �b�]�m�b�|�;�� �|�_�;��
�t�;�-�h�v�:

���$��� �� �1�-�m���-�t�v�o���=�-�1�|�o�u���l�o�u�;�� �|�_�-�m���o�m�;���_�o�t�;��
�|�o���l�-�h�;���-���t�;�-�h�7���t�b�h�;���b�m���|�_�b�v���r�o�u�o�†�v���1�-�v	ž�m�]�:��
 

�$�_�b�v�� �u�;�v�†�t�|�� �‰�o�†�t�7�� �]�b�ˆ�;�� �-�� �|�_�;�o�u�;	ž�1�-�t�� �Y�o�‰��
�ˆ�-�t�†�;�� �o�m�� �-�� �|�_�;�o�u�;	ž�1�-�t�� �_�o�t�;�� �b�m�� �|�_�;�� �|�;�v�|��
�l�-�|�;�u�b�-�t�7���-�|���-���]�b�ˆ�;�m���r�u�;�v�v�†�u�;�:

���� �|�_�;�o�u�;	ž�1�-�t�� �-�r�r�u�o�-�1�_�� �b�v�� �-�� �]�o�o�7�� �v�|�-�u	ž�m�]��
�r�o�b�m�|���=�o�u���-�m���-�b�u���t�;�-�h���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m���v�|�†�7�‹�:����
���o�‰�;�ˆ�;�u�7�� �b�|�� �v�_�o�†�t�7�� �0�;�� �ˆ�-�t�b�7�-�|�;�7�� �0�‹�� �v�b�l�r�t�;��
�t�b�t�†�b�7���|�;�v�|�v���b�m���o�u�7�;�u���|�o���1�o�l�r�-�u�;���|�_�;���0�†�0�0�t�;��
�|�;�v�|���u�;�v�†�t�|�v���|�o���|�_�;���-�b�u���|�;�v�|���u�;�v�†�t�|�v�:�����$�_�b�v���_�;�t�r�v��
�|�o���;�m�v�†�u�;���|�_�-�|���m�o�|���|�o�o���l�-�m�‹���r�-�u�|�v���-�u�;���0�;�b�m�]��
rejected that would otherwise have been 
considered acceptable and that the test 
�7�o�;�v���m�o�|���l�b�v�v���-�m�‹���‰�-�|�;�u���t�;�-�h�v�:

���$��� �����E�����‰�‰�‰�8�-�|�;�t�†�v�-�8�1�o�l�����E�����r�;�-�h�|�;�v�¼�m�]�-�1�-�7�;�l�‹�^�-�|�;�t�†�v�-�8�1�o�l�����E�����“�•�‘�H�t�•�t�H�•�Ž�•�•�� ��



OTHER FORMS OF LEAK TESTING

USING IONIZATION

“���1�1�-�v�b�o�m�-�t�t�‹�7���-�b�u���t�;�-�h���|�;�v�|�v���1�-�m�=�|���-�1�_�b�;�ˆ�;���|�_�;���7�;�v�b�u�;�7���v�r�;�1�b�C�1�-	ž�o�m�v��
�-�m�7���o�|�_�;�u���l�;�|�_�o�7�v���l�†�v�|���0�;���1�o�m�v�b�7�;�u�;�7���?

���=�� �|�_�;�� �]�-�v�� �0�;�b�m�]�� �|�;�v�|�;�7�� �b�v�� �|�o�Š�b�1�7�� �t�b�h�;�� �=�o�u�� �-��
�m�;�u�ˆ�;�� �-�]�;�m�|�7�� �m�o�� �t�;�-�h�v�� �-�u�;�� �-�1�1�;�r�|�-�0�t�;�:�� �$�_�;��
�|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m���0�;�1�o�l�;�v���‰�-�‹���|�o�o���t�o�‰���-�m�7��
a tracer gas test has to be used instead of a 
�t�;�v�v���;�Š�r�;�m�v�b�ˆ�;���-�b�u���t�;�-�h���|�;�v�|�:

CONTAINING TOXIC GAS 

���=�� �|�_�b�v�� �b�v�� �|�_�;�� �1�-�v�;�� �-�m�7�� �-�� �t�;�-�h�� �|�;�v�|��
�v�r�;�1�b�C�1�-	ž�o�m�� �b�v�� �m�o�|�� �-�1�_�b�;�ˆ�-�0�t�;�� �‰�b�|�_�� �-�m�� �-�b�u��
�t�;�-�h���|�;�v�|�7���|�_�;���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m���m�;�;�7�v���|�o���0�;��
�1�o�m�ˆ�;�u�|�;�7���|�o���-���|�u�-�1�;�u���]�-�v���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�:����
�$�_�b�v�� �v�r�;�1�b�C�1�-	ž�o�m�� �1�o�†�t�7�� �0�;�� �;�b�|�_�;�u�� �|�;�v�|�;�7��
�‰�b�|�_���=�o�u�l�b�m�]���|�u�-�1�;�u���]�-�v���P�”�w�����‘���–�”�w�����‘�Q���o�u��
�-�� �_�;�t�b�†�l�� �|�u�-�1�;�u�� �]�-�v�� �|�;�v�|�� �‰�_�b�1�_�� �b�v�� �-�� �l�o�u�;��
�;�Š�r�;�m�v�b�ˆ�;�� �|�;�v�|�� �v�‹�v�|�;�l�� �|�o�� �r�†�u�1�_�-�v�;�� �-�m�7��
�o�r�;�u�-�|�;�:

�$�_�;�u�;���-�u�;���v�o�l�;���|�;�v	ž�m�]���v�b�|�†�-	ž�o�m�v���‰�_�;�u�;���-�m��
�-�b�u���t�;�-�h���|�;�v�|���l�-�‹���0�;���|�o�o���v�t�o�‰���0�†�|���-���|�u�-�1�;�u���]�-�v��
�|�;�v�|�� �l�-�‹�� �m�o�|�� �0�;�� �|�_�;�� �0�;�v�|�� �C�|�� �;�b�|�_�;�u�:�� �� ���$��� ��
�o�@�;�u�v�� �-�� �|�‹�r�;�� �o�=�� �;�t�;�1�|�u�b�1�-�t�� �t�;�-�h�� �|�;�v�|�� �|�_�-�|�� �b�v��
�b�7�;�-�t���|�o���|�;�v�|���-���t�-�u�]�;���m�†�l�0�;�u���o�=���v�l�-�t�t���r�t�-�v	ž�1��
�r�-�u�|�v���ˆ�;�u�‹���t�†�b�1�h�t�‹�:

���$��� �=�v�� ���o�m�b�t�� �o�u�� ���‘�v�� �;�t�;�1�|�u�b�1�-�t�� �t�;�-�h�� �|�;�v�|�;�u�v��
�†�v�;�� �v�-�=�;�� �t�o�‰�� �b�o�m�b�Œ�-	ž�o�m�� �ˆ�o�t�|�-�]�;�v�� �|�o�� �b�o�m�b�Œ�;��
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�v�;�;���b�=���|�_�;���r�-�u�|���b�v���‰�b�|�_�b�m���v�r�;�1�b�C�1�-	ž�o�m�:����

VALIDATION

���ˆ�;�m���b�=���‹�o�†�u���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m���b�v���-�1�_�b�;�ˆ�-�0�t�;��
�‰�b�|�_���-�m���-�b�u���t�;�-�h���|�;�v�|�7���|�_�;�u�;���b�v���v	ž�t�t���-���m�;�;�7���|�o��
�ˆ�-�t�b�7�-�|�;���|�_�;���v�r�;�1�b�C�1�-	ž�o�m�v���0�‹���1�o�l�r�-�u�b�m�]���|�_�;��
�-�b�u�� �|�;�v�|�� �u�;�v�†�t�|�v�� �|�o�� �|�_�;�� �r�u�-�1	ž�1�-�t�� �|�;�v�|�v�� �P�t�b�h�;�� �-��
�t�b�t�†�b�7���ˆ�b�v�†�-�t���|�;�v�|�Q���o�m���|�_�;���v�-�l�;���r�-�u�|�v�7���-�m�7���C�m�;��
�|�†�m�;���‹�o�†�u���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m���|�o���‹�o�†�u���m�;�;�7�v�:����

�$�_�;�� �Y�-�l�;�� �|�;�v�|�v�� �7�;�|�;�1�|�;�7�� �]�-�v�� �t�;�-�h�v�� �b�m�� �|�_�;��
�u�-�m�]�;���o�=���•���v�1�1�l���o�=���-�b�u�:

���� �t�-�u�]�;�� �t�;�-�h�� �‰�-�v�� �ˆ�;�u�‹�� �7�-�m�]�;�u�o�†�v�� �=�o�u�� �|�_�;��
�o�r�;�u�-�|�o�u�:�� ���b�u�� �t�;�-�h�� �|�;�v�|�;�u�v�� �u�;�r�t�-�1�;�7�� �|�_�;�v�;��
�7�-�m�]�;�u�o�†�v�� �Y�-�l�;�� �|�;�v�|�v�7�� �-�m�7�� �-�b�u�� �t�;�-�h�� �u�-�|�;��
�v�r�;�1�b�C�1�-	ž�o�m�v���_�-�ˆ�;���0�;�;�m���t�o�‰�;�u�;�7���=�o�u���-�7�7�;�7��
�v�-�=�;�|�‹�� �b�m���1�-�v�;�� �|�_�;�u�;�� �b�v���-�� �v�b�|�†�-	ž�o�m���‰�b�|�_���v�t�o�‰��
�-�1�1�†�l�†�t�-	ž�o�m�� �o�=�� �]�-�v�� �b�m�� �-�� �r�o�o�u�t�‹�� �ˆ�;�m	ž�t�-�|�;�7��
�v�r�-�1�;�:
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CONCLUSION

�>�$�_�o�†�v�-�m�7�v���o�=���v�l�-�u�|�r�_�o�m�;�v�7���|�u�-�m�v�l�b�v�v�b�o�m�v�7���ˆ�-�t�ˆ�;�v�7���v�‹�u�b�m�]�;�v�7���0�-�‚�;�u�b�;�v�7���0�o�‚�t�;���1�-�r�v��
�;�|�1�:���-�u�;���|�;�v�|�;�7���;�-�1�_���7�-�‹���‰�b�|�_�����$��� ���;�t�†�b�r�l�;�m�|�:�?

���=�� �-�� �t�;�-�h�� �|�;�v�|�� �v�r�;�1�b�C�1�-	ž�o�m�� �_�-�v�� �0�;�;�m��
�7�;�|�;�u�l�b�m�;�7�7�� �|�_�;�� �m�;�Š�|�� �v�|�;�r�� �b�v�� �|�o�� �1�o�m�|�-�1�|�� �-�m����
�t�;�-�h���|�;�v�|���v�†�r�r�t�b�;�u���-�m�7���|�_�;�‹���1�-�m���-�7�ˆ�b�v�;���b�=���|�_�;��
�v�r�;�1�b�C�1�-	ž�o�m�� �b�v�� �-�1�_�b�;�ˆ�-�0�t�;�� �‰�b�|�_�b�m�� �|�_�;��
�7�;�v�b�]�m�-�|�;�7�� �0�†�7�]�;�|�:�� �� ���=�� �|�_�;�� �;�Š�r�;�u�|�v�� �1�o�m�C�u�l��
�|�_�-�|�� �|�_�;�� �v�r�;�1�b�C�1�-	ž�o�m�v�� �-�u�;�� �-�1�_�b�;�ˆ�-�0�t�;�7�� �|�_�;�‹��
�1�-�m�� �]�†�b�7�;�� �‹�o�†�� �|�_�u�o�†�]�_�� �|�_�;�� �m�;�Š�|�� �v�|�;�r�v�� �o�=��
�v�;�t�;�1	ž�m�]�����|�_�;���-�r�r�u�o�r�u�b�-�|�;���t�;�-�h���|�;�v�|���l�;�|�_�o�7��
whether it be an air leak test, a tracer gas 
�|�;�v�|�� �o�u�� �-�m�� �;�t�;�1�|�u�b�1�-�t�� �t�;�-�h�� �|�;�v�|�:�� �� ���m�1�;�� �-��
�l�;�|�_�o�7�� �b�v�� �1�_�o�v�;�m�7�� �� �7�;�r�;�m�7�b�m�]�� �o�m�� �|�_�;�� �|�;�v�|��
�r�u�;�v�v�†�u�;�7�� �-�m�7�� �o�r	ž�o�m�v�� �m�;�;�7�;�7�7�� �-�� �v�r�;�1�b�C�1��
�|�;�v	ž�m�]���b�m�v�|�u�†�l�;�m�|���1�-�m���0�;���u�;�1�o�l�l�;�m�7�;�7�:�������=��
�|�_�;�� �t�;�-�h�� �|�;�v�|�� �b�v�� �b�m�|�;�m�7�;�7�� �|�o�� �0�;�� �-�†�|�o�l�-�|�;�7����
�b�m�|�o�� �-�� �r�u�o�7�†�1	ž�o�m�� �t�b�m�;�7�� �|�_�;�� �t�;�-�h�� �|�;�v	ž�m�]��
�v�†�r�r�t�b�;�u�� �1�-�m�� �o�@�;�u�� �]�†�b�7�-�m�1�;�� �u�;�]�-�u�7�b�m�]��
�l�-�1�_�b�m�;�� �0�†�b�t�7�b�m�]�� �-�m�7�� �v�‹�v�|�;�l�� �b�m�|�;�]�u�-	ž�o�m��
�u�;�v�o�†�u�1�;�v�:

NEXT STEPS

���o�l�l�o�m���v�;�m�v�;���b�v���o�[�;�m���|�_�;���0�;�v�|���l�;�|�_�o�7���|�o��
�C�]�†�u�;���o�†�|���|�_�;���o�r	ž�l�-�t���-�r�r�u�o�-�1�_���|�o���t�;�-�h���|�;�v�|��
�‹�o�†�u���7�;�ˆ�b�1�;�:�������;�o�r�t�;���o�[�;�m���v�;�|���o�†�|�u�-�]�;�o�†�v�t�‹��
�t�o�‰�� �|�;�v�|�� �v�r�;�1�b�C�1�-	ž�o�m�v�� �-�m�7�� �;�m�7�� �†�r�� �m�o�|��
�_�-�ˆ�b�m�]�� �|�_�;�� �0�†�7�]�;�|�� �|�o�� �b�l�r�t�;�l�;�m�|�� �v�†�1�_�� �-��
�;�Š�|�;�m�v�b�ˆ�;�� �|�;�v�|�� �v�‹�v�|�;�l�7�� �o�u�� �|�_�;�‹�� �1�o�†�t�7�� �m�o�|��
�7�;�r�;�m�7�-�0�t�‹�� �l�-�m�†�=�-�1�|�†�u�;�� �r�-�u�|�v�� �|�o�� �|�_�;�v�;��
	ž�]�_�|���|�;�v�|���v�r�;�1�b�C�1�-	ž�o�m�v�:�������"�o�l�;���7�;�r�;�m�7�-�0�t�;��
�t�;�-�h�� �|�;�v	ž�m�]�� �|�_�-�|�� �C�|�v�� �b�m�|�o�� �-�� �1�o�l�r�-�m�‹�=�v��
�0�†�7�]�;�|�� �b�v�� �0�;�‚�;�u�� �|�_�-�m�� �m�o�� �|�;�v	ž�m�]�� �-�|�� �-�t�t�� �o�u��
�|�;�v	ž�m�]���v�r�;�1�b�C�1�-	ž�o�m�v���|�_�-�|���-�u�;���o�ˆ�;�u�J�v�|�u�b�m�]�;�m�|��
without reason which causes the test to 
�u�;�f�;�1�|���†�v�-�0�t�;���r�-�u�|�v�:

�"�b�m�1�;�� �•�–�•�”�7 ATEQ has been building 
�-�m�� �;�Š�|�;�m�v�b�ˆ�;�� �-�r�r�t�b�1�-	ž�o�m�v�� �r�o�u�•�o�t�b�o�� �1�o�l�r�u�b�v�;�7�� �o�=��
�|�_�o�†�v�-�m�7�v�� �o�=�� �1�o�l�r�o�m�;�m�|�v�� �l�-�m�†�=�-�1�|�†�u�;�7�� �0�‹�� �‰�o�u�t�7��
�u�;�m�o�‰�m�;�7�� �1�o�l�r�-�m�b�;�v�� �=�u�o�l�� �-�u�o�†�m�7�� �|�_�;�� �]�t�o�0�;�:����
���;�1�-�†�v�;���o�=���|�_�b�v���ˆ�-�v�|���;�Š�r�;�u�b�;�m�1�;�7�����$��� ���_�-�v���0�;�1�o�l�;��
�-���|�u�†�v�|�;�7���;�Š�r�;�u�|���b�m���|�_�;���C�;�t�7���o�=���t�;�-�h���|�;�v	ž�m�]���-�m�7���1�-�m��
�]�†�b�7�;�� �-�� �1�o�l�r�-�m�‹�� �=�u�o�l�� �-�m�‹�� �l�-�m�†�=�-�1�|�†�u�b�m�]�� �b�m�7�†�v�|�u�‹��
�|�o�‰�-�u�7�v���|�_�;���0�;�v�|���v�o�t�†	ž�o�m���=�o�u���b�|�v���|�;�v	ž�m�]���m�;�;�7�v�:��

���$��� �� �_�-�v�� �-�u�o�†�m�7�� �“�•�� �t�o�1�-	ž�o�m�v�� �‰�o�u�t�7�‰�b�7�;�� �‰�_�b�1�_��
�l�-�h�;�v�� �b�|�� �;�-�v�‹�� �=�o�u�� �t�o�1�-�t�� �1�o�l�r�-�m�b�;�v�� �|�o�� �‰�o�u�h�� �‰�b�|�_����
�m�;�-�u�0�‹�� ���$��� �� �o�L�1�;�v�� �‰�_�o�� �0�;�v�|�� �†�m�7�;�u�v�|�-�m�7�� �|�_�;����
�m�-	ž�ˆ�;�� �t�-�m�]�†�-�]�;�� �-�m�7�� �0�†�v�b�m�;�v�v�� �1�†�t�|�†�u�;�:�� �� ���-�m�‹��
�l�-�m�†�=�-�1�|�†�u�;�u�v���-�t�v�o���_�-�ˆ�;���l�†�t	ž�r�t�;���]�t�o�0�-�t���t�o�1�-	ž�o�m�v���v�o��
ATEQ can provide a project assistance network 
�0�;�|�‰�;�;�m���o�†�u���v�†�0�v�b�7�b�-�u�b�;�v���-�u�o�†�m�7���|�_�;���‰�o�u�t�7�:

���m�m�o�ˆ�-	ž�o�m���b�v���-���7�u�b�ˆ�b�m�]���=�o�u�1�;���0�;�_�b�m�7�����$��� �=�v���r�-�v�v�b�o�m��
�|�o�� �_�;�t�r�� �l�-�m�†�=�-�1�|�†�u�;�u�v�� �r�u�o�7�†�1�;�� �v�-�=�;�� �-�m�7�� �|�u�†�v�|�;�7��
�r�u�o�7�†�1�|�v�:�� �� ���$��� �� �_�-�v�� �0�;�;�m�� �-�� �t�;�-�7�;�u�� �b�m�� �1�u�;�-	ž�m�]�� �-��
�ˆ�-�u�b�;�|�‹�� �o�=�� �m�;�‰�� �|�;�1�_�m�o�t�o�]�b�;�v�� �-�m�7�� �|�;�v	ž�m�]�� �l�;�|�_�o�7�v����
�-�t�‰�-�‹�v�� �v�;�;�h�b�m�]�� �|�o�� �7�;�ˆ�;�t�o�r�� �=�-�v�|�;�u�7�� �l�o�u�;�� �;�L�1�b�;�m�|��
�v�o�t�†	ž�o�m�v�:

���$��� �=�v�����;�-�h���$�;�v	ž�m�]�����1�-�7�;�l�‹���_�-�v���|�-�†�]�_�|���_�†�m�7�u�;�7�v��
�o�=���r�;�o�r�t�;���-�u�o�†�m�7���|�_�;���‰�o�u�t�7���-���ˆ�-�u�b�;�|�‹���o�=���|�o�r�b�1�v���=�u�o�l��
���m�|�u�o�� �|�o�� ���;�-�h�� �$�;�v	ž�m�]�� ��†�m�7�-�l�;�m�|�-�t�v�� �|�o�� ���7�ˆ�-�m�1�;�7��
��b�Š�|�†�u�;���	�;�v�b�]�m�:

���[�;�u�� �-�� �r�u�o�f�;�1�|�� �b�v�� �1�o�l�r�t�;�|�;�7�����$��� �=�v�� �]�t�o�0�-�t�� �v�†�r�r�o�u�|��
�m�;�|�‰�o�u�h���‰�b�t�t���1�o�m	ž�m�†�;���|�o���u�;�l�-�b�m���u�;�-�7�b�t�‹���-�ˆ�-�b�t�-�0�t�;���|�o��
�o�†�u�� �1�†�v�|�o�l�;�u�v�� �=�o�u�� �u�;�r�-�b�u�v�7�� �|�u�o�†�0�t�;�v�_�o�o	ž�m�]�7��
�1�-�t�b�0�u�-	ž�o�m�v�� �-�m�7�� �r�u�;�ˆ�;�m�|�-	ž�ˆ�;�� �l�-�b�m�|�;�m�-�m�1�;�� �‰�b�|�_��
�o�m�J�v�b�|�;���o�r	ž�o�m�v���-�ˆ�-�b�t�-�0�t�;�:

���o�m�|�-�1�|�����$��� ���b�=�����‹�o�†���‰�o�†�t�7���t�b�h�;���|�o���t�;�-�u�m���l�o�u�;���-�0�o�†�|��
�|�;�v	ž�m�]���v�r�;�1�b�C�1�-	ž�o�m�v���o�u���m�;�;�7���]�†�b�7�-�m�1�;���|�o�‰�-�u�7�v���-�m��
�-�r�r�t�b�1�-	ž�o�m���|�;�v	ž�m�]���v�o�t�†	ž�o�m�:
���o�u�;�� �-�u	ž�1�t�;�v�� �-�m�7�� �‰�_�b�|�;�� �r�-�r�;�u�v�� �1�-�m�� �0�;�� �=�o�†�m�7�� �-�|��
�‰�‰�‰�:�-�|�;�t�†�v�-�:�1�o�l�F�-�u	ž�1�t�;�v�:��
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