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Abstract:
Within the last six years, gas fired furnaces, either of the gas designed or conversion type, have been
installed in a large number of homes in Montana. These are of all types, steam, hot water, and warm
air. Each of these three types of systems would require a different method of testing. It was decided to
confine this investigation to a single type for the present, and the warm air system was the one selected.

Due to the relatively short time that gas has been used, to any great extent, for domestic heating
purposes in other than the immediate vicinity of a natural gas supply, there has been very little work
done on the determination of the efficiency of domestic gas fired furnaces. A test code for gas designed
furnaces, established by the American Gas Association specifies minimum requirements which must be
fulfilled in order that the appliance may be approved by the Association. A code has also been
established for the installation of conversion burners, but no testing code for the conversion burners has
been established.

The conversion burner has been developed to a point where it has made a definite place for itself in the
field o domestic heating and, consequently, a method of testing must include the conversion burner as
well as the gas designed type of furnace.

Since natural gas has gained such wide distribution and is continually gaining in popularity as a house
heating fuel, it was felt that an investigation into the efficiencies obtained with this fuel would be a
service to users, and to those contemplating the use of gas as a fuel for house heating purposes.

It was with this service in Mind that the project of devising a method for testing was started.

It is hoped that the testing may be carried on over a period of years so that some reliable data can be
accumulated on a number of different types of warm air furnaces, and that the testing may be extended
to steam and hot water heating systems.

PURPOSE OF INVESTIGATION The purpose of the investigation is to develop a method for testing
domestic gas fired warm air furnaces. The method has been devised so that it would be equally well
suited to the testing of either gas designed or conversion types of furnaces and, consequently, establish
a means of comparison between them on the basis of their efficiencies.

BASIC PREMISES It is generally conceded that the more nearly test conditions approach actual
operating conditions the more acceptable are the results of the test. This is the first premise on which
the method is based. The method has been held to this requirement as rigorously as possible. The
laboratory has been in a residence and the apparatus a conversion installation put in by the distributors
of the gas, without their knowledge of the fact that it would be used for testing purposes. A few slight
modifications of the installation have been made to facilitate the use of testing instruments, hut the
installation remains essentially as it was placed by the installation men in the employ of the
distributors.



The second premise of the method is that all heat is utilised except that which goes up the stack.
Radiation in the basement of a home cannot be considered as a loss unless it is excessive. The radiation
from the furnace and leaders is generally not greater than is required to maintain a proper temperature
in the basement to prevent cold floors. A dry warm basement is essential to proper heating of the
house. A properly installed warm air heating system will not give radiation from the furnace and
leaders in excess of what is required for maintenance of proper temperature in the basement. 
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��*$!& ��*$!&��+0 � ,,!%!�� "�� � %

������*#$#�� b� 4B�O��!�'!%"�(%!

;\E ;��: :�:2;:
�

\2�2:� 3B
;E�D�� :�:2;: 3B
;E�F :�:2:F \�,̀��� ��
;��: :�:2;: 3B
;��: :�:2;H 3B

D\2H ;E�: :�:E3H 3�
;E�: :�:EB� 3�
;E�: :�:EB� 3�
;E�: :�:EBF 3�
;E�: :�:EB3 3B

�\;B ;2�H :�:3B: ��'�D�' 3�
�� ;��H :�:3�B 33

;2�H :�:3EF 3B
;2�B :�:3EF 3B
;2�B :�:3�: 3B

;;\2H � � � ! :�;:E: 3B
� � � ! :�;:E: 3F
� � � ! :�;:E� 33
� � � ! :�;:�: 33
;H�3 :�;:�: 3B



��
�+

7
%

�-
�!

��
�8

��
�Z

:�
�%

�0
0

&
8

�%
N<<



/ <� � 	

R"*$�� �!�"�7�� !��!R( M%"�!"��$!"7� ���!��"�#,��$!�� K( 7�(&!7�8$!��*"�P�

�$%"� #(�M>"&��"7!��(&��9!�*#�'(�!7�9!,#%!��$!�" %�,�#8� &�%!"7� ���'�$+�

9 : � ; 9 ;

�$!�!,,!*��#,�$(� 7 ��� ���$!�*"� 9%"� #�0�(��!&&�!M*!&& >!0� &

�!+� + 9�!J� �$ &��"��9!�&!!��9��!M"� � �+��$!��"9�!�+ >!�� ���!�"��,%!;D��
E

'"'!%�  ��% � *$ ��$!��"%+!&��*#%%!*� #��,"*�#%�+ >!�� &�:JDDE0�� �$ &� &�

"�&#�9%#(+$��#(��� ��F���P��#&&D�� '"'!%�"�7� ���,J�� #&&D� �7 &*(&& #��#,

���%#���*�� '"'!%J

����2�5���;O����������:2�����5��������5�*

�#�!�'%!� � �"%���% "�&�&$#8!7��$"��7 ,,!%!�� "�&�%"�+ �+�,%#��

�!&&��$"��:J:;� �*$�#,�8"�!%�('��#�:J:����*$!&�#,�8"�!%�8#(�7�$!�!M'!%L

 !�*!7�"���$!�#% , *!&�8$!%!� ��8"&�7!& %!7��#��"N!��!"&(%!�!��&�#,�,�#8J

��� �*� �!7��"�#�!�!%�+%"7("�!7��#�:J:;�#,�"�� �*$�#,�8"�!%�8"&�(&!7�,#%� ��

�$!&!��% "�&J���� �$�7 ,,!%!�� "�&�"&��#8�"&��$!&!��$!�"''"%"�(&�">" �"9�!�

8"&��#��  ����(��#$�-� &!�& � >!�&#��$"�� '�% ���'�#$ � #,��$!�#%7!%�#,�

"**(%"*��7!& %!7�*#(�7�9!��"7!J� �,�! �$!%�"��#% , *!�#%�"�' �#���(9!�8!%!�

�#�9!�(&!7�,#%� '�% ���'�#$�  ��8"&��!*!&&"%���#�$">!�"�� �&�%(�!���#,��(*$�

+%!"�!%�&!�& � > ����$"���$#&!�">" �"9�!J� �#�&�&�(7��#,��"�#�!�!%&�#,�

$ +$�&!�& � > ���8"&��$!%!,#%!��!*!&&"%�J

� �*!�"�7 ,,!%!�� "��+"+!�8"&�#����#�!�#,�K( �&�"��(�9!%�#,�

 �&�%(�!��&�%!K( %!7�,#%��$ &��!&��8#%N0�"�+%!"��7!"��#,�� �!�*#(�7��#��

9!�7!>#�!7��#��$ &�&�(7��� �#8!>!%0�" �&!�& � >!0�%!� "9�!�+"+!�8"&�&(,, * !��L

��� �'#%�"���&#��$"���$!�'%#+%!&&�#,��$!�'%!&!���'%#]!*��$"7��#�9!� ��!%%('�L

!7�(�� ��" �&( �"9�!�+"+!�*#(�7�9!�*#�&�%(*�!7J



>?<� ?

�� �&!�!*� �+�"�+"+!� ��� ��$ &�8#%N��$!�,#��#8 �+�*$"%"*�!% &� *&0�

8!%!��!!�!���!& %"9�! �

� � � � �'� * ���#,��#�&�%(*� #�00

�#� �**(%"*���#��B���� �*$�#,�8"�!%�

�B� �"&!�"�7�&'!!7� ���"� '(�"� #�P

� �� � �&�"�7"%7�+"+!�8$ *$�7 7��#��%!K( %!��*"� 9%"� #�J

�#� �(++!7�!&&�#,� (�# $��($��#)

���*#��!*� #��8 �$��$!�,(%�"*!��!&�&�"����� �# &� ��8"&�,#(�7�7!& %"9�!��#

$">!�" �&!�& � >!� '%#�'�$��� #,��$!���'!��!�� #�!7�"9#>!�� � �+"+!�N�#8��"&��

2
�$!���/"$�!���"+!?� 0�"��!%#�"�#�!�!%�&!�& � >!��#�� :����� �*$0�#,�8"�!%�8"&�

7!& +�!7�"�7�*#�&�%(*�!7�,#%�(&!�8 �$�' �#���(9!&�"�7�#% , *!&�8$!��*"�L

 9%"� #�&�#,��$!�"�!�#�!�!%&�8!%!��"7!�� �$ &�+"+!� �>#�>!7��$!�(&!�#,��8#�

� K( 7&�� ���8"&�&�(7 !7�9(��  �&�*#�&�%(*� #��8"&�%"�$!%�7 ,, *(���"�7��$!�

+"+!�&#�!8$"��*(�9!%&#�!J

������!"&(%!�!���#,�� %�	�#8;�� 9������8!%�"��$"'�!%� &�7!>#�!7�

�#� '�(��'%#�'�$�� �� � ��(�9!%�#,��"�#�!�!%&�$"> �+�>"% #(&0�%"�+!&�"�7�

"**(%"* !&�"%!�7 &*(&&!7�"�7�7!&*% 9!7�� �8#���'!&�#,�� �� �+�� *%#�"�#�!�L

!%&�"%!�7!&*% 9!7J� �$!&!��"�#�!�!%&�*#�'� !7�8 �$��$%!!�#,��$!�, >!�'# ��&�

&'!* , !7�"9#>!0� .�(�9!%&�� D�'�"�7��/�&0�9(��7!'"%�!7�&(,, * !�����,%#���$!�

#�$!%��8#��#�*"(&!��$! %�%!]!*� #�J� �$!�%!"&#��,#%��$ &�8"&��$"��"�+##7�

7!"��#,�!M'!�& >!�"�7�*#�'� *"�!7�+�"&&�8#%N�8"&� �>#�>!7�"�7��$ &��"7!�

�$!��#9]!*� #�"9�!�"**#%7 �+��#�'# ��&���"�7��J

��!��"�#�!�!%�7!&*% 9!7�9�� �  !" ��8!%�&!!�!7��#�9!��#,��$!���'!�8$ *$�

8#(�7�*#�'���8 �$�"����$!�%!K( %!�!��&�� &�!7�� ��� &�"��"%+!�%"�+!��"�#�!�!%�

�� � *$!��/��(9!���'!�8 �$�"��#>"9�!�� �9�� �$!�'% �* '�!�#,��$!��"�#�!�!%�8"&



ej�F?

"7#'�!7�"�7�(& �+��$ &�'% �* '�!�"�7!& +��$"&�9!!���"7!�8$ *$�&( �&��$!�

�!!7&� �& ��$ &��!&���� �$!�*#�'�!�!�7!& +�� &�+ >!�� ��	 +(%!�;B�"�7��$!�

*#�'�!�!7� �&�%(�!��� &� ��(&�%"�!7�9��	 +(%!�;D�� �%���8!%�7!&*% 9!&�

�$!�'% �* '�!�#,��$!���&�%(�!���"&�" �?�"�#�!�!%�!�'�#� �+�> %�("����"�

,�!M 9�!��	��(9!�*#�& &� �+�#,��8#�� �9&�8$#&!��#8!%�!�7&�"%!�*#��!*�!7�

9��"��!�+�$�#,�%(99!%��(9 �+�� ��!�#,��$!�� �9&�%!�" �&�&�"� #�"%��8$ �!�

�$!�#�$!%� &�%" &!7�#%��#8!%!7�9��"��"�#(���*#%%!&'#�7 �+��#��$!�"''� !7�

'%!&&(%!�7 ,,!%!�*!���9���!"�&�#,�"�� *%#�!�!%�&*%!8��#�8$ *$� �� &�"��"*$L

!7�?� �$!�?&�"� #�"%��� �9?�*#�& &�&�#,�"�%!&!%># %�#,��"%+!�"%!"�&#��$"��

�$!��#>!�!���#,��$!�#�$!%�� �9��  � ��#��$">!�"��"''%!* "9�!�!,,!*��#���$!�

�!>!��#,��$!�� K( 7� ���$!�%!&!%># %�� �$!��#>"9�!�� �9�*#�& &�&�#,�"�

' !*!�#,�+�"&&��(9 �+� �*� �!7�"��"�>!%��&� +$��"�+�!�, M!7��#�"��(��#��

�$!�� *%#�!�!%�&*%!8��� �$!�+�"&&��(9 �+� &�,"&�!�!7��#��$!��(�� ��&(*$�"�

8"���$"�� �&���*� �"� #��*"��9!�>"% !7��#� *$"�+!��$!�&!�& � > ���#,��$!�

�"�#�!�!%�� 5#�"� #��#,��$!��(���#�8$ *$��$!��(9 �+� &�,�"&�!�!7� &� B��D

��#$�&� 9��� �� �+�"�+%##>!� ���$!��(��8$ *$�&� 7!&�#>!%��$!�*!��!%�&(''#%��

#,��$!�� *%#�!�!%�&*%!8� ;�%("�$� "�7��#>!&�"�#�+��$!�& 7!� �� ��$!�&*"�!�� �$!�

�#'�!7+!�#,��$!��(�� &�(&!7�"&��$!� �7 *"� �+�'# ��!%�,#%��$!�'#& � #��#,�

��$!�� �9�

�$!�&!�!*� #��#,�" �&( �"9�!�� K( 7�,#%�(&!� ���$!��"�#�!�!%�8"&

�$!��!M��*#�& 7!%"� #��� ���"���"%� *�!&0�?�#8��#���*!�� ,,!%!�� "���"�#�!�!%&?�

;�
9����� / :�1 *$#�"&� $!�&�"�!&�?	#%��#8�7 ,,!%!�� "�&�8"�!%� &�"��(�&"� &,"*L

�#%��,�( 7�,#%�(&!�& �*!��$!�8"�!%��!� &*(&0� &�� "9�!��#�9!�&�(++ &$�̀ �R��

?# ��#%�"�*#$#��"%!��#%!�&"� &,"*�#%��& �*!�,#%�>!%��&�"����(9 �+��$!�

*"' ��"%��"*� #�� &�&�"���#%��!+� + 9�!�"�7��$!��!� &*(&� &�7 &� �*��"�7



� " / �

� < Q Q Q Q

e,73\���A?e,A�\R���0\X	\̀A3
 � � � � �#� �+�� 

	� � � � ����� �� �� � � � �

"�<<��!�� �+<���=



?�4 ?

	��+��;3

��*%#��� �#��!%�,#%��!"&(% �+��M�%!�!���

4#8�� ,,!%!�� "�&

�J� � +$�6%!&&(%!��#��!*� #��

HW� 4 K( 7�5!&!%># %

2�� �*"�!

�� � �*%#�!�!%��!"7

��� �#>"9�!�� �9�1(�

BJ� 4#8� 6%!&&(%!��#��!*� #�

3J� �" %�4 �!�,#%��!� &*(&�#����*� �!7���"&&��(9!












