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simplify

assume ALL real=, 

assume 0 ϕ< π<, 

e

t

τflow 8 T0gas• ω• τcool• 2 Lasheat• fr• τflow• cos ω t•( )•− 8 T0gas• ω3• τflow
2• τcool•+ 2 Lasheat• fr• τflow• cos 2 ϕ• ω t•+( )•− 2 Lasheat• fr• τflow• cos 2 ϕ• ω t•−( )•+ 2 Lasheat• fr• τflow• cos 4 ϕ• ω t•−( )•+ 8 Lasheat• fr• τflow• sin 2 ϕ•( )•+ 8 T0gas• ω• τcool• cos 2 ϕ•( )•+ 2 Lasheat• ω• fr• τflow

2• sin ω t•( )•− 8 Lasheat• ω2• fr• τflow
3• sin 2 ϕ•( )•+ 8 T0gas• ω3• τflow

2• τcool• cos 2 ϕ•( )•+ 2 Lasheat• ω• fr• τflow
2• sin 2 ϕ• ω t•+( )•− 2 Lasheat• ω• fr• τflow

2• sin 2 ϕ• ω t•−( )•− 2 Lasheat• ω• fr• τflow
2• sin 4 ϕ• ω t•−( )•−



•

8 ω• τcool• 8 ω3• τflow
2• τcool•+ 8 ω• τcool• cos 2 ϕ•( )•+ 8 ω3• τflow

2• τcool• cos 2 ϕ•( )•+
→
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d
simplify

assume ALL real=, 

assume 0 ϕ< π<, 

e

t

τflow 4 T0gas• ω• τcool• Lasheat fr• τflow• cos ω t•( )•− 4 T0gas• ω3• τflow
2• τcool•+ Lasheat fr• τflow• cos 2 ϕ• ω t•+( )•− Lasheat fr• τflow• cos 2 ϕ• ω t•−( )•+ Lasheat fr• τflow• cos 4 ϕ• ω t•−( )•+ Lasheat fr• τflow• sin 2 ϕ• ω t•−( )• i•− 4i Lasheat fr• τflow• cos 2 ϕ•( )••− 4 Lasheat• fr• τflow• sin 2 ϕ•( )•+ 4 T0gas• ω• τcool• cos 2 ϕ•( )•+ Lasheat ω• fr• τflow

2• cos ω t•( )• i•− Lasheat ω• fr• τflow
2• sin ω t•( )•− 4 Lasheat• ω2• fr• τflow

3• sin 2 ϕ•( )•+ 4 T0gas• ω3• τflow
2• τcool• cos 2 ϕ•( )•+ Lasheat ω• fr• τflow

2• cos 4 ϕ• ω t•−( )• i•+ Lasheat ω• fr• τflow
2• sin 2 ϕ• ω t•+( )•− Lasheat ω• fr• τflow

2• •−
•

4 ω• τcool• ω2 τflow
2• 1+



• cos 2 ϕ•( ) 1+ sin 2 ϕ•( ) i•+( )•

→
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fr Lasheat• tan ϕ( )• 1 cos ϕ( ) sin ω t• ϕ−( )•+( )•
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simplify

assume ALL real=, 

assume 0 ϕ< π<, 
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e

t

τflow 4 T0gas• ω• τcool• Lasheat fr• τflow• cos ω t•( )•− 4 T0gas• ω3• τflow
2• τcool•+ Lasheat fr• τflow• cos 2 ϕ• ω t•+( )•− Lasheat fr• τflow• cos 2 ϕ• ω t•−( )•+ Lasheat fr• τflow• cos 4 ϕ• ω t•−( )•+ 4 Lasheat• fr• τflow• sin 2 ϕ•( )•+ 4 T0gas• ω• τcool• cos 2 ϕ•( )•+ Lasheat ω• fr• τflow

2• sin ω t•( )•− 4 Lasheat• ω2• fr• τflow
3• sin 2 ϕ•( )•+ 4 T0gas• ω3• τflow

2• τcool• cos 2 ϕ•( )•+ Lasheat ω• fr• τflow
2• sin 2 ϕ• ω t•+( )•− Lasheat ω• fr• τflow

2• sin 2 ϕ• ω t•−( )•− Lasheat ω• fr• τflow
2• sin 4 ϕ• ω t•−( )•−



•

4 ω• τcool• ω2 τflow
2• 1+



• cos 2 ϕ•( ) 1+( )•

→



sin 2 ϕ• ω t•−( )• Lasheat ω• fr• τflow
2• sin 4 ϕ• ω t•−( )•− Lasheat fr• τflow• sin 4 ϕ• ω t•−( )• i•+ 4i Lasheat ω2• fr• τflow

3• cos 2 ϕ•( )••− Lasheat ω• fr• τflow
2• cos 2 ϕ• ω t•−( )• i•− Lasheat fr• τflow• sin 2 ϕ• ω t•+( )• i•− 4i T0gas ω• τcool• sin 2 ϕ•( )••+ 4i Lasheat ω2• fr• τflow

3••+ Lasheat fr• τflow• sin ω t•( )• i•+ 4i Lasheat fr• τflow••+ 4i T0gas ω3• τflow
2• τcool• sin 2 ϕ•( )••+ Lasheat ω• fr• τflow

2• cos 2 ϕ• ω t•+( )• i•+ 



