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   T��&� � �*�� HM<        �+6 �+,���- .�+��� 3��+7 �0 1�2�/ ���V�&� '���� (� '�� �� ����L ��#

 �� M�J-���< .   ���/0�� 3��� �6 M<                 �+6 �� 4�+= 1�2�+/ .�+�V9 �0 l�+, 0���� ��)�� c�6 ���8 ��

 0��0 T�j�0 .               3J+�� �B�+7 �+6 ���U� c�6 ���N# O��0 �6 ����L ���V�&� (� 40�5	�� 4(���� .      �+6 �+*�� �Y+�

3�� 40�/ ���L �0��( 0�6��/ �,���- .���� 3��7 �0 1�2�/ %�&� �����]Z[.

23:3 
�4�0 ;��4	
����8���:

  ;�� (� �)�#          ��V9 .���- ���0 .����:, ��&�� I�� 1�2�/ %�&� F� "���(< ���6 T��� ��

 4�= 1�2�]        1�2�/ %�&� �����/0�� ��&�� �� ���( EJ- �6  3��  .  ��&�� (� ���=  �����]0�� ��#

  �����]0�� 3��� �   Oi= �0Z   3�� 4�= �2���  .     O+-��� Oi+= ��� �0          �+��<�B .�+� �0 �+/ �,��+5	� 

 1�2�/ �0 ��&�� F��� m�5,� �����/0�� ��!� �	B� 3�� 4�= 40�0]k[.

 ;<=2.
�4�0 ?� 
@��=  
����8��� ���� � 
����8��� ���]:[

  �i����(0c�B�   �< ���0 (� 	    F� �0 �	��  %�&�  1�2�/  0�����0�=H   m�+5,� .���- T�U	�� ��-�� �� 

���	B�(� ��,��j� O-��� ��� �] :

AB�3 /���0  ;�<C	���� D��!(Vapour blanket stage):
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  �0� ��-�� ��     .���- T�U	�� (� )  ��-��A    Oi= (� Z(     O�)!+, �+�V9 `��@� �0 �����L ��
6 ��c F� 

4�=   �]   ��V9  �� %�&� (�    �� ��� 0�8 `��@� 1�2�/��].      �+� m�5,� ��9�� ��-�� ���       ��+��� �+/ �+	B�

         A(c ����� ���U� (� ��V9 nV� (� ����8) �V9 nV� �-�� �0� (  O��+j, ���6 T��+�    �+6 S��+� 3+��- (� 

   �=�6 �	!�6 ��
6 3��- .  ��] ��@ �6      �� .��7 �	J#< ��@ �6 ��-�� ��� �0 ��=0�� 0������ c�� ���( H

   ��
6 ��c  �����L     X��� F� ����� �6  �,���-  O�      �+���a � 40�+]       �+�V9 ��+= 0�+�   �+�-�� �+�� �0  %+��,

 ���� (� .���- S!�!, ����� A���� ��c0�=]k � o[.

E3F��= G /���0 (Nucleate boiling stage):
 ��-�� ���    .���- T�U	�� )  ��-��B    Oi= (� Z(    ���	!+�6  3��+�           O+-��� ��+6 �0 �� .���+- T�+U	�� 

 ��0 G�	
�3��    �� '��= ���K�# �       "#�/ ��U�< N�B nV� ���0 �/ 0�= �	B��     �+�c ������L�� Ej� �/ 

 0�= ��
6 .  �����L�� ��
6 ��c           �(�+� ���6�j- ��� �] 4�= (�� ���6�j- �6 O��j,    �+��� MY+� �+6  �+�V9 (�

    �� �< S��� ��=0�� p��6 0�+= .                  ��+#�	����L %+��, �+�-�� �+�� �0 ��+=0�� 3��+� � ��+�( .�+�

 ;�� �VU� ��P� �5�	
�HT����� T�	�/ ��
6 ���6�j- O)= � 4(���� 0�=]k � o[.

/��G /���0 H I
@�G(Convection cooling stage):
  �0� ��-�� ��     .���- T�U	�� (� )  ��-��C    Oi= (� Z(  ��=0�� 3���     3+�� �+	/ O+j9 O+-��� (� .

    �� '��= ���K�# ��-�� ���       ;�� �VU� ��( �, N�B nV� ���0 �/ 0�=1�2�] S����� "#�/ �=�6 �	B . �0

           �� ��V9 `��@� � 4�= G9�	� S��� ���=�� �P&� ���S���    �+� T�:+=�  �+�/ .(�     �� �+��  q��+8   .���+- 

   �� A���� ����6�� %��,  0�=]k   � o[.          ��-�� �� ��� �0 .���- T�U	�� 4�&� (� ���=  O)+= �0k  �+2���

4�=3�� .

)AB�()E()I(

 ;<=:. �� ����� L�1�M� + 4M ?� 
@��= )AB� ( /���0 ;�<C	���� D��! ))E ( G /���0F��= � )I (/��G /���0
@�G]:[
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23N3E��O ;O 8 0�	 )MP L�1�M� D�&�� � �Q:
M��L�  ��K=��](Probe)��V9          �� ��L�/���, �6 .���- T�U	�� � N/�, p��6 �/ 3�� ��  �/ 0�=

     3�� 4�= ��j�, �< O8�0 �0 .  �� .���- ���  4��/ .���- ����,��      �+/ �+=�6  M��+L      ���+9 �< O+8�0 �0

  �	B�� � �   ���0 �%�&�    �+=�6 1�2�+/  .    ̂ �+� (� �+�6��L              H4�+U� H�N+� r+�( ��+#0c�B �+���� G+�	
� ��+#

       �� �	8�� A�������< � ?@ H^� HO)�� ��#����<���=.   ��� �0  X�U&,  ̂ �� (� M��L�N� r�( 0c�Bos[

AISI     0��6� �/ �= ���,  �<   O)= �0o  �� �P-?� 0�=]\[ .40�0      �, l�� �6 M��L (� ����0 ��#  � OL�/��

           OU	�� C�D
� 0�6 F� �6 OL�/���, %6�� I�� X��@ (��]          �+6 t����< 3��- (� .��?@� ��� ���< �0 

�� OU	�� �,��_��/ �6 � 4�= O��j, T�	���00�=.

 ;<=N. ;O 8 0�	 �������R ���� FP �� � G 0 ���S0 � E��O ?� 
@��M ]T[

"���(< ��� �0 �/ ��L�/���, �= 40�5	�� �# '�� (�Kr�( 0c�B uB�&� 4���� �6   �+V9 �6 �N�\/Z

mm    �] 3��  ���b, ����0��  N�� ������j���/  �� �=�6 .      �0 OL�/���, 3J)= �� 3/�- (� ������� ���6

 T�D,� O&� �<        �= 40�5	�� 4������K� F� (� M��L �6  .         4�+�����K� � M��L �6 OD	� OL�]���, (� ���=

 Oi= �0 �<[� 4�= �2���  3�]\[.

 ;<=U. FP +�M���QVM � E��O /� ;W�0 ;O 8 0�	 ?� 
@��= ]T[

v�$ H4��K	�0 F� (� M��L T�U	�� I	J�� 4��0 �4��0 F����=�� T�U	�� �5�w� �/ 3�� 4�= O�)!,

0��0 4��� �6 �� �*�� �N
� � 4��/ O8�0 �6 M��L.
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2. � �� 0X��Y�14	 :

:323+?��M� D�&�� �"�� ���� ������� 
��������
	���� ������ ���:
 4(���� 3��  ����     �+*�� �����/0�+� 3��+�   �+,���- .�+��� ��+#    ���	J+9 O��+= �	J+�� H

        Oi= �0 I	J�� ��� ��] ��= �] �= �	8�� � �-��@ G�	
�\3�� 4�= 40��<  .  �+�� I�� 3J9 �0

�� �*�� �N
� � 4��] O��= I	J���=�6.6 4�= �	B�� �P� �0 .�D
!�,��j� 4��/ �����(� :

h����	�� 4��/�Y5�� � ����L � c�6 �0 M�0 �0 �6 �� �0 M��L ��j� ���6 c�6 M�0

h4��/ ���0 : �x]��-oCdyzz

h4���/ A�� �UV�� �V9 � '�5,�� : E�,�, �6 mm oss �mmZss

hM�0 4���/ 3J6 � (�6 I	J�������L � ��c�6 ��#

h4��/ ���, :kWo

!��N
� ���6 4�= �	B�� �P� �0 .�D
�*��(� ��,��j�:

h�N
� 0��6� '�5,�� �6mmoss �V9 �mmoss

h�N
� ���0 �, I�P�, 3��6�9 �6 �*��oCZss

h9 �� 3��6�N
� �0 I@?, 0���{L %��,� ����c�/�����i�� �< ��0 T�	�/ 

    3ja 4��0� �0 4�= �	8�� I	J�� �] 3�� �]| �6 A(c3�� 4���� 3j, �6 �	��7 3ji��� � ��	]�=.

     �*�� �����/0�� 3��� ��ab, ����6 3��          ��	8�+� � �	
+� �6 �,���- .���� ��# H0c�+B   '�+� �0 

�*�����= M�
	�� �] ,��j� ��(�:

G��h �*�� 4�!� 40�5	������6Z[\)�� �*��(

Mh  �*��   4�= 40�5	������6Z[\)  �*��   T�� ��40�/��/( :  �6        T�+� �� ��� .�� �0 %��	� ��@

 H���] (�� �# �0\�� A���� �*�� ��� �0 1�2�] .���� ��6 3B��.

 '�� (� �P� 0��� 0c�Bdded/dDIN�V9 �6 � mmZZ�= M�
	�� .    �0 0c�+B �+�� �����+= E�]�,

 T���Z3�� 4�= �2��� .

 L��G2.Y�14	 @� �� +��Z��� �� 0 �� ! 
@����= [�8�	 

D���CAlTiCoMoNiFe

��(� �7�0z}/z<d/z~/zz/ez/�z/d�4����9�6



�*�� �����/0�� 3��� ��ab, ����6�,���- .���� ��#... 

 ;<=T.+?��M� D�&�� A���0 ��QC�� ��� 
����8��� ���� ����
	���� ������ ���

3B�� A���� ��( ��-�� �0 �0 �*�� '�� �0 (� �� �# �0 .�!���(< A���� ;��][[:

 T�� ��-�� :     �6 �0c�B M��L ��	6�  .��Z\    ��+�0 �0 �+U�90 oC�\s     �+*�� �0 ^_+� � �+	B�� ���+9

 �= 1�2�] .  40�0 T�U	�� �6                    �+�&�� H�,��_��+] �+6 O+L�]���, (� � O+L�]���, �+6 M��+L (� ���+�0 ��+#  ��+#

��0�� I���, �*�� '�� �0 ��� �����]0�� 3��� � �����]0��.

 A�0 ��-�� :          �] �0c�B ���� �0 HM��L 4��# ��-�� ��� �0       �+6 �����]0�� 3��� ��a�, 3�� ���9

         ���= 4��] 0��� N�� 0�= ����6 ���< �	
� � ��	8�� .             �+���# �+�-�� �+�� �0 �+,���- .�+��� Oi�+�

  3�� T�� ��-�� .    A���� (� ^L   �#0c�B 1�2�]     �*�� �0 (� F� �# �0  H       �	
+� � �B������+	� .�!+���(<

������# ���� 40��8 ;�6 S@�U� ��� �6  ��	J# ���Ji� �V9 ����0 �] 4�= 1�2�] 3B�� A����.

�*�� ��� �6 .�!���(< �)��� ���6 �P� �0 ��( 0���� 0��YL .��7 ���J)� %���= �0 G�	
� ��#

���= �	B��:

G��h �*�� ���0    "���(< 0��� 36�a    �= �	B�� �P� �0 ) .            M�+
	�� %�+&� ��+�0 �+6 �+6��6 �< ���0

�=(.

MhI@?, ���6 �*��0 �= �	B�� �P� �.

qh �*�� I�-k �	�� �= M�
	��.
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3.\4� � ]@��M:

N323��� 
����8 ��� ���� ^_�"� /&@�10  ���
	���� ������:
   Oi= �0�       ����6 ����*�� �����]0�� ��# ��&�� Z[\           4�+= I�+��, 4�!+� 40�5	�� � 4�= 40�5	�� 

3�� .     �*�� �����]0�� 3��� �	�6 �J��U� 3��    ��&�� (� H�#   Oi= ��#�    �+= �	B�� X	!�  . �+�&��-

 �6 ��#             Oi+= �0 �+] 3+�� �����]0�� 3��� ��# ��&�� H4��< 3�0�   3+�� 4�+= �+2���  .   ��+�� �+6

  T�i=��   � �       ����6 �*�� �/ 0�= �� 4�#�!�Z[\   4�!� 40�5	��         �+6 � �����/0�+� �+�&�� E�= ����0

 ����6 �*�� �6 3jJ� ��	!�6 �����/0�� 3��� Sj@Z[\40�5	��3�� 4�=  .

 ;,=`.
�4�0 ���Z	 ��� 
�������� ��� F��Q� ���2UT+�CM +��Z��� � +�= +��Z��� 

 ;,=a.��� 
�������� ���� ��� 
�4�0 ���Z	  F��Q� ���2UT+�CM +��Z��� � +�= +��Z��� 
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N3:3��� 
�������� ���� ^_�"� ����	 
������ ! ���"�� �� 
	���� ������ ���:
   ����6 3��     �����/0�� 3��� `?	8� ��ab,    '�� �0 ����*��    0c�+B ��	8�+� �6     ��+# �+���6 H

 N:� �-��� (� ���	8��N��)��V9 %�� �U�90 ( 0c�B �j� �)��7�B �0 mmZ �+��� �j� (� �+# (   4�+= 1�2�+]

        T�i=� �0 �< ����D, �] �= A�����   � �   3�� 4�= �2���  .     Oi= �6 ���, �6�   O��0 �6�,c�6     3��+� �0�+6 

   �*�� �����/0�� 4�!� 40�5	��        �+� 4�#�!+� 4�= 40�5	�� �*�� �6 3jJ�     �+] 0�+=   ��	8�+�    0c�+B N+:�

     4�!� 40�5	�� �*�� �0 4�= 1�2�]�	!�6 3���L ����0 3��B N�� � ��2�	),����L ��	]   ��	8�+� �6 3jJ�

   �*�� �0 4�= 1�2�/  4�= 40�5	��  3�� .    3���L ��#(�B )  �+�, X@���4 �+, (    3+��B � �+�2�	),����L)   X@�+��

�=���, ( Oi= �0� ��#0�� �6 E�,�, �6 P � F4�= 40�0 ��!� ���.

)AB�()E(

 ;<=b. �� +�= 6�7 8 ��� /M �M cd0 /���M ?� 
O <���<�0 ���"�� )AB� ( F��Q� ���2UT � +�CM +��Z��� )E ( ���
 F��Q�2UT+�= +��Z��� 

   Oi= �0�            �� ��!� �� 4�= 1�2�] ��# ���� �j� (� �L�i���i�� ��	8�� �]   H�#0   0�= �� 4�#�!�

�/   O��0 �6�,c�6      �*�� �����/0�� 3��� �0�6  H4�!� 40�5	��   (�+B �&V� �J] ,��� �     ��	8�+� �0 3+�N

    �0 4�= 1�2�/  ����*��      �*�� �0 4�= 1�2�/ ��	8�� (� �	!�6    4�+= 40�5	+��   3+�� .   +�� �0      (�+B Oi+= �

 0�� �6 3�N�,���M3�� 4�= �
!� .

N3N3��� 
�������� ���� ^_�"� ����	 
������ ! 
��� �� 
	���� ������ ���:
  (�   X� ��-������ �0c�B ��#         �	
� ���(< H�*�� '�� �0 ��� �0 4�= 1�2�]   ����  ��< O� �6

      Oi= �0 �< W��	� �]Zs   3�� 4�= �2���  .  3��� O��0 �6   �*�� �	!�6 �����/0��     H4�!� 40�5	��   �	
+�

     �0 4�= 1�2�/ ����   �*�� ���         �*�� �0 4�= 1�2�/ ���� �	
� (� �	!�6     3+�� 4�+= 40�5	+�� .   �+6 A(c



����� ��� �	
�� ��� ����� � ������	� ������� ����  �	!� "��# ������$

     A���� 0�= �� O�i!, �< �0 3�N�,��� (�B �] 0c�B �j� ��-�� (� 4�= ;��N� �	
� ��0�U� �] 3�� �]|

      0�U� ��6 �� �J��U� %UB � �	B�K�       3�� �	B�� A���� ���� �0 N:� �	
� �� .    4(��+�� ��0�U� �� �0  ��+��

�� "���(< ���i, ��6 �� ��K���� H4�=�=�6.
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Abstract
Oil is one of the quenching media in heat treating industry that its' primary characteristics change 
gradually due to more use. Also, it decreases its' cooling rate. Nowadays, there is not enough information 
about cooling rate of heat treating oils in Iran. Furthermore, heat treating factorials are complaint from 
properties changes of one type oil in different packages. Therefore we decided to answer to this request of 
industry with design of measuring system for cooling rate of quenching oils. This system includes of a 
tubular furnace, oil tank, probe for measuring the temperature, a system for probe transmission and a 
system for data acquisition. This system capable to measure the cooling rate of quenching oils according 
to custom standards. In this study we used two type oils named "Unused Behran 145 Oil (New Oil)" and 
"Used Behran 145 Oil". Then cooling rate of them was measured, and effect of their cooling rate 
difference on hardness and microstructure of DIN 1.1191 was investigated.

Keywords: Behran 145 Heat treating Oil, Cooling, DIN 1.1191 Steel, Hardness, Microstructure, Probe, 
Thermocouple


