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ﺷﺒﯿﻪ ﺳﺎﺯﯼ ﻋﺪﺩﯼ ﻋﻤﻠﯿﺎﺕ ﺣﺮﺍﺭﺕ ﺩﻫﯽ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻣﺎﮐﺮﻭﻭﯾﻮ ﺩﺭ ﻓﺮﺁﯾﻨﺪ ﺁﻧﺰﯾﻢﺑﺮﯼ
ﮔﻨﺪﻡ ﺟﻮﺍﻧﻪﺯﺩﻩ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ ﺍﻟﻤﺎﻥ ﻣﺤﺪﻭﺩ
ﺩﺭ ﺍﯾﻦ ﭘﺎﯾﺎﻥﻧﺎﻣﻪ ﮔﺮﻣﺎﯾﺶ ﻣﺎﯾﮑﺮﻭﻭﯾﻮ ﺩﺭ ﺍﺟﺴﺎﻡ ﺟﺎﻣﺪ ﺑﺎ ﻫﻨﺪﺳﻪﯼ ﺍﺳﺘﻮﺍﻧﻪﺍﯼ ﺑﻪ ﮐﻤﮏ ﻧﺮﻡ ﺍﻓﺰﺍﺭ ﺗﺠﺎﺭﯼ
ﺁﺑﺎﮐﻮﺱ ﻭ ﺩﺭ ﺣﺎﻟﺖ ﺳﻪ ﺑﻌﺪﯼ ﺗﺤﻠﯿﻞ ﺷﺪ .ﺍﯾﻦ ﻣﺪﻝ ﺩﺭ ﺍﺑﺘﺪﺍ ﺍﺯ ﻣﺪﻝ ﺩﻭ ﺑﻌﺪﯼ ﻣﻄﺎﻟﻌﺎﺕ ﻣﺮﺑﻮﻁ ﺑﻪ ﻣﺪﻟﺴﺎﺯﯼ
ﺣﺮﺍﺭﺕ ﻣﺎﯾﮑﺮﻭﻭﯾﻮ ﺑﺮ ﺭﻭﯼ ﻣﻮﺍﺩ ﻏﺬﺍﯾﯽ ﺻﺤﺖ ﺳﻨﺠﯽ ﺷﺪ .ﺩﺭﻓﺎﺯ ﺍﻭﻝ ﺍﯾﻦ ﻣﻄﺎﻟﻌﻪ ﺍﺯ ﮔﻨﺪﻡ ﺟﻮﺍﻧﻪ ﺯﺩﻩ ﺑﻪ ﻋﻨﻮﺍﻥ
ﻣﺎﺩﻩ ﻏﺬﺍﯾﯽ ﺟﺎﻣﺪ ﺑﻤﻨﻈﻮﺭ ﺁﻧﺰﯾﻢ ﺑﺮﯼ ﻣﺪﻟﺴﺎﺯﯼ ﺷﺪ ﻭ ﺩﺭ ﻣﻘﯿﺎﺱ ﺁﺯﻣﺎﯾﺸﮕﺎﻫﯽ ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ ﺍﺯ ﺁﺯﻣﻮﻥ ﺗﻌﯿﯿﻦ
ﺩﻣﺎﯼ ﺳﻄﺢ ﺑﯿﺮﻭﻧﯽ ﮔﻨﺪﻡ ﺟﻮﺍﻧﻪﺯﺩﻩ ﺩﺭ ﺩﺭﻭﻥ ﺑﺴﺘﻪ ﺑﻨﺪﯼ ﭘﻠﯽﺍﺗﯿﻠﻦ ﺑﻪ ﺷﮑﻞ ﺍﺳﺘﻮﺍﻧﻪ ﻭ ﺩﺭ ﺍﺑﻌﺎﺩ ) 7 ×14ﻃﻮﻝ
× ﺷﻌﺎﻉ( ﺑﺎ ﻣﺪﻝ ﻣﺮﺑﻮﻃﻪ ﺍﻋﺘﺒﺎﺭ ﺳﻨﺠﯽ ﮔﺮﺩﯾﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎﻥ ﺩﺍﺩ ﻫﻤﺒﺴﺘﮕﯽ ﻣﻨﺎﺳﺒﯽ ﻣﯿﺎﻥ ﺩﺍﺩﻩ ﻫﺎﯼ ﺣﺎﺻﻞ ﺍﺯ
ﻧﻤﻮﻧﻪ ﺁﺯﻣﺎﯾﺸﮕﺎﻫﯽ ﻭ ﻣﺪﻟﺴﺎﺯﯼ ﻭﺟﻮﺩ ﺩﺍﺭﺩ .ﺩﺭﻓﺎﺯ ﺩﻭﻡ ﺍﯾﻦ ﺗﺤﻘﯿﻖ ،ﺗﻮﺯﯾﻊ ﺩﻣﺎ ﺑﺎ ﺗﺤﻠﯿﻞ ﺍﻟﻤﺎﻥ ﻣﺤﺪﻭﺩ ﺩﺭ ﻧﻤﻮﻧﻪ
ﮔﻨﺪﻡ ﺟﻮﺍﻧﻪﺯﺩﻩ ،ﺑﺎ ﺷﮑﻞ ﺑﺴﺘﻪﺑﻨﺪﯼ ﺍﺳﺘﻮﺍﻧﻪ ﺩﺭ ﺍﺑﻌﺎﺩﻫﺎﯼ  2×4 ،5×10 ، 4×8 ، 8×16 ، 16 ×32ﺳﺎﻧﺘﯽﻣﺘﺮﯼ
ﮐﻪ ﺑﻪ ﺗﺮﺗﯿﺐ )ﻃﻮﻝ × Lﺷﻌﺎﻉ ،(Rﻣﺪﻟﺴﺎﺯﯼ ﮔﺮﺩﯾﺪ .ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ ﺍﺯ ﻣﺪﻟﻬﺎ ﻧﺸﺎﻥ ﺩﺍﺩ ﺍﺳﺘﻮﺍﻧﻪ ﺑﺎ ﺍﺑﻌﺎﺩ 4×8
ﻫﻨﺪﺳﻪ ﻣﻨﺎﺳﺐﺗﺮﯼ ﺑﺮﺍﯼ ﺁﻧﺰﯾﻢ ﺑﺮﯼ ﺩﺭ ﺑﯿﻦ ﺑﺴﺘﻪ ﻫﺎ ﺩﺍﺭﺩ ﻭ ﺑﻪ ﻣﺪﺕ ﺯﻣﺎﻥ ﺗﻘﺮﯾﺒﯽ  90ﺛﺎﻧﯿﻪ ﺟﻬﺖ ﺭﺳﯿﺪﻥ
ﺍﮐﺜﺮﯾﺖ ﺣﺠﻢ ﻧﻤﻮﻧﻪ ﺑﻪ ﺩﻣﺎﯼ  80ﺩﺭﺟﻪ ﺳﺎﻧﺘﯽ ﮔﺮﺍﺩ ﮐﻪ ﻣﻨﺎﺳﺐ ﺁﻧﺰﯾﻢﺑﺮﯼ ﻣﯽﺑﺎﺷﺪ ﻧﯿﺎﺯﻣﻨﺪ ﺍﺳﺖ .ﺩﺭ ﺍﯾﻦ
ﻣﻄﺎﻟﻌﻪ ﻣﯿﺰﺍﻥ ﺑﺎﺭ ﺣﺮﺍﺭﺗﯽ ﺑﺮ ﺭﻭﯼ ﻧﻤﻮﻧﻪ ،ﺗﻮﺳﻂ ﻗﻮﺍﻧﯿﻦ ﻻﻣﺒﺮﺕ ﻣﺤﺎﺳﺒﻪ ﺷﺪ .ﺩﺭ ﻓﺎﺯ ﺳﻮﻡ ،ﺑﻪ ﺗﺎﺛﯿﺮ ﺷﺮﺍﯾﻂ
ﺣﺮﺍﺭﺕ ﺩﻫﯽ ﻧﺎﭘﯿﻮﺳﺘﻪ ﺩﺭ ﺯﻣﺎﻧﻬﺎﯼ ﻣﺨﺘﻠﻒ ﭘﺮﺩﺍﺧﺘﻪ ﺷﺪ .ﺩﺭ ﺍﯾﻦ ﺣﺎﻟﺖ ﮐﻪ ﺳﯿﺴﺘﻢ ﺑﺼﻮﺭﺕ ﭘﺎﻟﺴﯽ ﮐﺎﺭ ﻣﯽﮐﻨﺪ
ﺗﺎﺛﯿﺮ ﺣﺮﺍﺭﺕ ﺭﺍ ﺑﻤﻨﻈﻮﺭ ﮐﺎﻫﺶ ﺍﺛﺮﺍﺕ ﻣﺨﺮﺏ ﻧﺎﺷﯽ ﺍﺯ ﺣﺮﺍﺭﺕ ﺑﺎﻻ ﺩﺭ ﻣﺮﮐﺰ ﺍﺳﺘﻮﺍﻧﻪ ﺍﺯ ﻃﺮﯾﻖ ﺍﻧﺘﻘﺎﻝ ﺣﺮﺍﺭﺕ ﺍﺯ
ﻣﺮﮐﺰ ﺑﻪ ﺳﻤﺖ ﺧﺎﺭﺝ ﻣﻮﺭﺩ ﺍﺭﺯﯾﺎﺑﯽ ﻗﺮﺍﺭ ﮔﺮﻓﺖ .ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ ﻧﺸﺎﻥ ﺩﺍﺩ ،ﺩﺭ ﺣﺎﻟﺖ ﭘﺎﻟﺴﯽ ﻧﻤﻮﺩﺍﺭ ﺩﻣﺎ ﺑﺮ ﺣﺴﺐ
ﺷﻌﺎﻉ ﺍﺳﺘﻮﺍﻧﻪ ﺩﺭ ﺍﺑﻌﺎﺩ  4×8ﺷﯿﺐ ﻣﻼﯾﻢﺗﺮﯼ ﺍﯾﺠﺎﺩ ﻣﯽﮐﻨﺪ ﮐﻪ ﺍﯾﻦ ﻧﻮﻉ ﺗﻮﺯﯾﻊ ﺣﺮﺍﺭﺕ ﺳﺒﺐ ﻣﯽﺷﻮﺩ ﺯﻣﺎﻥ
ﻓﺮﺁﯾﻨﺪ ﻃﻮﻻﻧﯽﺗﺮ )ﺣﺪﻭﺩﺍ  315ﺛﺎﻧﯿﻪ( ﻭ ﺣﺠﻢ ﺑﯿﺸﺘﺮﯼ ﺍﺯ ﻧﻤﻮﻧﻪ ﺩﻣﺎﯼ ﺑﺎﻻﺗﺮ ﺍﺯ ﺣﺪ ﻣﻄﻠﻮﺏ ﺁﻧﺰﯾﻢﺑﺮﯼ ﺟﺬﺏ
ﮐﻨﺪ .ﺩﺭ ﺣﺎﻟﺘﯽ ﮐﻪ ﺑﺮ ﺭﻭﯼ ﻣﺪﻝ ﺍﺳﺘﻮﺍﻧﻪ ﺑﺎ ﺍﺑﻌﺎﺩ  4×8ﺑﺼﻮﺭﺕ ﭘﯿﻮﺳﺘﻪ ﺑﺎﺭﮔﺬﺍﺭﯼ ﺣﺮﺍﺭﺗﯽ ﺍﻧﺠﺎﻡ ﮔﯿﺮﺩ ،ﺯﻣﺎﻥ
ﻓﺮﺁﯾﻨﺪ ﮐﻮﺗﺎﻩ )ﺣﺪﻭﺩﺍ  90ﺛﺎﻧﯿﻪ( ﻭ ﺣﺠﻢ ﺑﯿﺸﺘﺮﯼ ﺍﺯ ﻧﻤﻮﻧﻪ ﺗﺤﺖ ﺩﻣﺎﯼ ﻣﻄﻠﻮﺏ ﺁﻧﺰﯾﻢ ﺑﺮﯼ ﻗﺮﺍﺭ ﻣﯽ ﮔﯿﺮﺩ.
ﺑﺎﺗﻮﺟﻪ ﺑﻪ ﺍﯾﻨﮑﻪ ﺍﻧﺘﺨﺎﺏ ﺑﻬﺘﺮﯾﻦ ﺍﺑﻌﺎﺩ ﺩﺭ ﻣﯿﺎﻥ ﻣﺪﻟﻬﺎﯼ ﺑﺮﺭﺳﯽ ﺷﺪﻩ ﺍﻭﻻ ﺩﺭ ﺯﻣﺎﻧﯽ ﮐﻪ ﺗﺤﺖ ﺣﺮﺍﺭﺕ ﺩﻫﯽ
ﻣﺎﯾﮑﺮﻭﻭﯾﻮ ﻗﺮﺍﺭ ﺩﺍﺭﺩ ،ﻧﺒﺎﯾﺪ ﺩﭼﺎﺭ ﺁﺳﯿﺒﻬﺎﯾﯽ ﻫﻤﺎﻧﻨﺪ ﻗﻬﻮﻩﺍﯼ ﺷﺪﻥ ﻏﯿﺮﺁﻧﺰﯾﻤﯽ ﮔﺮﺩﺩ ﻭ ﺛﺎﻧﯿﺎ ﮐﻠﯿﻪ ﻧﻘﺎﻁ ﻣﺎﺩﻩ
ﻏﺬﺍﯾﯽ ﺗﺎ ﺣﺪ ﺍﻣﮑﺎﻥ ﺑﻪ ﯾﮏ ﺍﻧﺪﺍﺯﻩ ﻭ ﺑﻄﻮﺭ ﺛﺎﺑﺖ ﻭ ﭘﯿﻮﺳﺘﻪ ﺣﺮﺍﺭﺕ ﺑﺒﯿﻨﺪ ،ﮐﻪ ﺍﯾﻦ ﺣﺎﻟﺖ ﺍﻣﺮﯼ ﺿﺮﻭﺭﯼ ﺩﺭ
ﻓﺮﺁﯾﻨﺪﻫﺎﯼ ﻣﻮﺍﺩ ﻏﺬﺍﯾﯽ ﺍﺳﺖ .ﺑﻨﺎﺑﺮﺍﯾﻦ ،ﺩﺭ ﻣﻘﺎﯾﺴﻪ ﺑﯿﻦ ﺷﺮﺍﯾﻂ ﺣﺮﺍﺭﺕ ﺩﻫﯽ ﺑﺼﻮﺭﺕ ﭘﯿﻮﺳﺘﻪ ﻭ ﻧﺎﭘﯿﻮﺳﺘﻪ
ﺑﺮﺭﺳﯽﻫﺎ ﻧﺸﺎﻥ ﺩﺍﺩ ،ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻓﺮﺁﯾﻨﺪ ﭘﯿﻮﺳﺘﻪ ﺩﺭ ﻣﺪﻟﯽ ﺑﺎ ﺍﺑﻌﺎﺩ  4×8ﺑﺪﻟﯿﻞ ﮐﻮﺗﺎﻩ ﺑﻮﺩﻥ ﺯﻣﺎﻥ ﻓﺮﺁﯾﻨﺪ ﻭ
ﺁﻧﺰﯾﻢﺑﺮﯼ ﺳﻄﺢ ﮔﺴﺘﺮﺩﻩﺗﺮﯼ ﺍﺯ ﺑﺴﺘﻪ ﻣﻮﺭﺩ ﻧﻈﺮ ﺩﺭ ﺩﻣﺎﯼ ﺑﻬﯿﻨﻪ ﺁﻧﺰﯾﻢﺑﺮﯼ ،ﻣﻨﺎﺳﺐﺗﺮ ﺍﺳﺖ.
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Ph.D. Dissertation:

Numerical simulation of microwave heating in
blanching process of germinated wheat using the finite
element method
Microwave heating in solid bodies with cylindrical geometry using commercial software
ABAQUS was analyzed in three dimensions. This model was validated from the first of a
two-dimensional model of microwave thermal modeling were studied and measured on
food materials. The first phase of the study, the outer surface temperature of the germinated
wheat in polyethylene into a cylindrical shape with the dimensions of 7 × 14 on a
laboratory scale in the microwave to validate the model was measured The results showed
good correlation between the data obtained from the laboratory samples and there modeling
In the second phase of the study, temperature forecast with finite element analysis on the
samples germinated wheat the shape of the packaging cylinder dimensions, 16× 32 , 8×16 ،
4×8 ، 5×10، 2×4 cm has been simulated. using the model provided by the heating of
samples were examined by other studies and finally the dimensions of 4×8 model showed
that cylindrical geometry samples was more appropriate between other packages for
blanching and the approximate duration of 90 seconds to reach the majority of the sample
to a temperature of 80 ° C that, this temperature was suitable for blanching germinated
wheat. At this study we are use the Lamberts low for the equations. The third phase of the
study, was paid to make an impact discontinuous at different times in the consecutive
system. In this case, that the system works in discontinuous, the effect of temperature in
order to reduce damaging effects of high temperatures in the center of the cylinder through
the movement of heat from the center of the cylindrical toward in to the shell was
assessment. The results showed, in pulse mode according to the radius of the cylinder
temperature graph dimensions 4×8 , Creates a gentler slope that, the type of heat
distribution makes the process longer (about 315 sec) And a greater volume of sample
attract a higher temperature than optimal blanching. In the case of the cylinder model with
dimensions 4×8 , Continuous thermal load carried cause a short process time (about 90 sec)
and a greater volume of sample is placed under optimum temperature blanching. Given the
choice of the best aspects of the models studied first, at a time when it is under microwave
heating as well as non-enzymatic browning injuries should be and secondly, all parts of the
food as much as possible equally and consistently and continuously heated is necessary for
food processing. So, ccomparison of continuous and discontinuous heating conditions
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survey showed using a continuous process in model sizes 4×8 bbecause of the short
duration of the process and blanched broader level package in optimum temperature
blanching, It's more suitable
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