
Science Arts & Métiers (SAM)
is an open access repository that collects the work of Arts et Métiers Institute of

Technology researchers and makes it freely available over the web where possible.

This is an author-deposited version published in: https://sam.ensam.eu
Handle ID: .http://hdl.handle.net/10985/6613

To cite this version :

Christophe LORRETTE, Jalal EL YAGOUBI, Aurélie COUPE, Olivier CATY, Cédric SAUDER,
Jean-Christophe BATSALE - Estimation de la diffusivité thermique de composites C/SiC sous
chargement mécanique - 2012

Any correspondence concerning this service should be sent to the repository

Administrator : scienceouverte@ensam.eu

https://sam.ensam.eu
https://sam.ensam.eu
http://hdl.handle.net/10985/6613
mailto:scienceouverte@ensam.eu
https://artsetmetiers.fr/


!

!"#$%&#$'()*+),&)*$--."$/$#0)#1+2%$3.+)*+)

4'%5'"$#+")6-78$6)"'.")41&29+%+(#)%04&($3.+)

)
612$"#'51+):;<<!==!

>?@) ABC
?)D&,&,)!:)EFG;HIJ

@
?)F.20,$+)6;HK!

>
?);,$/$+2)6F=E

@
?)

60*2$4)8FHL!<
>
?)D+&(M612$"#'51+)IF=8F:!

N
)

)
!
" #$"%&'#()*'+,#$"

-./" "-%/01-2/1032%1452.6"

7#)'(#"8#"0*9&*:;"<!!<!"=+>?$@(?A,#''#"9#8#6"
B
"4*CD(*'D+(#"8#$"7DEFD$+'#$"5G#(ED$'(@9'@(*@6"

H23"IJK!"7/3010%L3%/17.%1HM!"

-DE*+)#"@)+,#($+'*+(#;"N"*&&O#"8#"&*"MDP'+#;"NNQKK"R#$$*9"
N
"53.L4.;"%('$"#'"2O'+#($"R*(+$"5#9G;"7/30"

.$F&*)*8#"8#$"%('$"#'"2O'+#($;"NNSKI"5*&#)9#"7#8#6"

TUV"*@'#@("9D((#$FD)8*)'"W"9G(+$'DFG#X&D((#''#Y9#*X>("

"
!

<0".%0! " 4 " 8#$"E*'O(+*@6" 9DEFD$+'#$" 'G#(ED$'(@9'@(*@6" 8#$'+)O$"

*@6" *FF&+9*'+D)$" )@9&O*+(#$" #$'" @)" #)Z#@" +EFD('*)'" FD@(" F(O,D+(" &#@(" 9DEFD('#E#)'" #)" 9D)8+'+D)"

@'+&+$*'+D)X" -*)$" @)" DCZ#9'+>" F(O,+$+D))#&" E*+$" O[*&#E#)'" 8#" 9DEF(OG#)$+D)" 8#$" '(*)$>#('$" 8#"

9G*&#@(;" 9#" 'G#(E+\@#$" '(*)$,#($#$" 8#"

9DEFD$+'#$"7>10+7"$D@E+$"]"@)"9G*([#E#)'"EO9*)+\@#"8#" ':F#" '(*9'+D)X"4*"8OE*(9G#"E+$#"#)"F&*9#"

" &*"EO'GD8#">&*$G"*$$D9+O#"]"@)#"*)*&:$#"8@"$+[)*&"F*(" 'G#(ED[(*FG+#"^3"

F#(E#''*)'"8#"[O)O(#("8#$"9*('D[(*FG+#$"8#"F(DF(+O'O$X"

"

O'%+(4,&#.2+!
!

!" 8+>>@$+,+'O"'G#(E+\@#;"#
$
%&
'(
"

9F" 9*F*9+'O"'G#(E+\@#;")%*+
'(
%,
'(
""

-" OF*+$$#@("8#$"OF(D@,#''#$;"#"

." /"

'" '#EF$;"$"

"

5" '#EFO(*'@(#;","

01#234-&"+5-6&"

" F*(*E_'(#"]"#$'+E#(;"7-68-95"

" E*$$#",D&@E+\@#;",+%#
':
"

;<=>6-&"-8"-?@3&!<8&"

?A1AB" 9DD(8D))O#$"$F*'+*&#$"

>P! J(#2'*.4#$'()
)

" 4

;"&#"$F*'+*&"D@"&#")@9&O*+(#"9D)8@+'"]"8#$"$FO9+>+9*'+D)$"'D@ZD@($"F&@$"#6+[#*)'#$"

FD@(" &#$"E*'O(+*@6X"4#"

8#$">D)9'+D)$"EO9*)+\@#$"]"G*@'#"'#EFO(*'@(#"T`"]"!KKKa7V"+&&@$'(#"F*(>*+'#E#)'"9#"9D)$'*'X"

7D)b@ ">*C(+9*'+D)"8#"9D&$"8#" '@:_(#$"O\@+F*)'" &#$"ED'#@($"8#" >@$O#;"9#$"

E*'O(+*@6"(O*&+$O$"]"F*('+("8#">+C(#$"#'"8#"E*'(+9#"#)"9*(CD)#"D@"9O(*E+\@#" $#"$D)'" +EFD$O$"

9DEE#" &#$" E*'O(+*@6" $D@,#(*+)$" FD@(" &*" F(D'#9'+D)" 'G#(E+\@#" 8#" 9D(F$" 8#" (#)'(O#"

*'ED$FGO(+\@#X" DF'+E+$*'+D)" 8#" &#@($" F(DF(+O'O$" '(+CD&D[+\@#$" *" $@" (O9#EE#)'" #)" >*+(#"

%9'@#&&#E#)';"9#$"E*'O(+*@6"$D)'"

F(#$$#)'+$" FD@(" (#EF&*9#(" &#$" *&&+*[#$" EO'*&&+\@#$" 8*)$" &#$" >@'@($" " 8#" (O*9'#@($"

)@9&O*+(#$"T[O)O(*'+D)"^cV"\@+"8#,(D)'">D)9'+D))#("8*)$"&*"8@(O#"$D@$"8#$"9D)8+'+D)$"$O,_(#$"

"TG*@'#"'#EFO(*'@(#"#'">&@6")#@'(D)+\@#VX""

$D@,#)'"

9D)$+8O(O"9DEE#"$#9D)8*+(#",+$?]?

#6'(dE#E#)'" +EFD('*)'X" -*)$" &#" 9*$" 8#$" (O*9'#@($" )@9&O*+(#$;" +&" #$'" F(DFD$O" 8#" 9D)>+)#(" &#"

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 778 -



!

9DEC@$'+C&#" >+$$+&#" 8*)$" @)" 9DEF&#6#" 9O(*E+\@#" \@+" $#(*" &#" $+_[#" 8@" '(*)$>#('" 8#" >&@6"

,OG+9@ +#"8#"&*"9#)'(*&#X"%"9#"'+'(#;"9#$"E*'O(+*@6"8#"[*+)*[#"8D+,#)'"d'(#"8#"CD)$"

9D)8@9'#@($"8#"&*"9G*&#@("#'"9D)$#(,#("9#''#"F(DF(+O'O"8*)$"&*"8@(O#X"M+#)"\@#"&#$"9DEFD$+'#$"

&#$"F&@$"(O9#)'$"$*'+$>*$$#)'"9#''#"#6+[#)9#;"&#$"$D&&+9+'*'+D)$"'G#(EDEO9*)+\@#$"+EF@'*C&#$"]"

&*" E*)@'#)'+D)" 8#$" DCZ#'$" #'" *@6" 9D)8+'+D)$" 8#" $#(,+9#" #)[#)8(#)'" #)" &#@(" $#+)" 8#"

?9+" $#" E*)+>#$'#" F*(" @)#" '(*)$>D(E*'+D)" E+9(D$'(@9'@(*&#;" #)"

F*('+9@&+#(" F*(" &#" 8O,#&DFF#E#)'" 8#" >+$$@(*'+D)" 8#" &*" E*'(+9#" #'" F*(" 8#$" 8O9DGO$+D)$" ]"

'#(>*9#" E*'(+9#" 1" (#)>D('" >+C(#@6" \@+" *>>*+C&+$$#)'" &#$" F(DF(+O'O$" 8#" 9D)8@9'+D)"

'G#(E+\@#"e!?NfX" -*)$" @)#" 8OE*(9G#" F(O,+$+D))#&&#" 8@" 9DEFD('#E#)'" 8#" 9#$" E*'O(+*@6;"

'G#(E+\@#$"*@"9D

$D&&+9+'*'+D)"EO9*)+\@#" #"EO'GD8#" "&D9*&#X"

"

@P)Q0#1'*','9$+)+#)%'R+(")+S502$%+(#&.S)

)
@P>))Q&#02$&.)0#.*$0)

"

" 4#"9DEFD$+'#"O'@8+O"#$'"@)"9DEFD$+'#"7>10+7"O&*CD(O"F*("&#"7.%"T-./1-2/VX"4#"(#)>D('"

>+C(#@6" #$'" 9D)$'+'@O" 8#" >+C(#$" 8#" 9*(CD)#" 8#" ':F#" 5D(*:" 5NKK;" '+$$O#$" $#&D)" @)#" '#6'@(#"

+)'#(&D9g"B;I-X"4*"E*'(+9#"8#"9*(C@(#"8#"$+&+9+@E"#$'"DC'#)@#"F*(",D+#"[*h#@$#"TF(D9O8O"7c^V;"

@)#"+)'#(FG*$#"8#"F:(D9*(CD)#"#$'"F(O$#)'#"#)">*+C&#"OF*+$$#@("#)'(#"&#" (#)>D('"#'" &*"E*'(+9#X"

.)"*99D(8"*,#9"&#$"DC$#(,*'+D)$"E+9(D[(*FG+\@#$"8@"9DEFD$+'#;" &#"'*@6"8#"FD(D$+'O" 'D'*&"#$'"

#$'+EO"+)>O(+#@("]"!IiX""

RD@(" 9#''#" O'@8#;" 8#@6" OF(D@,#''#$" 8#" [ODEO'(+#" (#9'*)[@&*+(#" $D)'" F(O&#,O#$" ]" F*('+(" 8 #"

F&*\@#"8*)$"&#"$#)$"9G*j)#"TKaV"$#&D)"&#$"8+E#)$+D)$"BK"6"!!J"EE"T9>X">+[@(#"!VX"4*"F(#E+_(#"

#$'" (O$#(,O#" ]" & 8@" 9DEFD('#E#)'" EO9*)+\@#" T.F?%V;" &*" $#9D)8#" #$'" 8O8+O#" *@6"

E#$@(#$"8#"F(DF(+O'O$"'G#(E+\@#$"$D@$"9G*([#E#)'"T.F?MVX"4#$"OF*+$$#@($"#'"&#$"$#9'+D)$"8#$"

8#@6" OF(D

E+9(D[(*FG+\@#$"(O*&+$O$"FD$'?#$$*+X"""""

"

"

"

"

"""

"

"

"

"

"

C>+95-"("D"E@5397-88-"FGH0>F"@5I@!5I-"@395"J85-"&344>6>8I-"-<"85!68>3<A"

3<"=-"4!"=>GG9&>7>8I"8K-5#>L9-"85!<&7-5&-""

)

@P@))K2$(4$5+)*+),&)%+".2+)+#)$("#2.%+(#&#$'()

"

" 4*" 8OE*(9G#" 9D)$+$'#" #)" @)" $@+,+" 8#$" F(DF(+O'O$" 'G#(E+\@#$" 8@" E*'O(+*@" $D@E+$" ]" @)"

9G*([#E#)'"EO9*)+\@#"#)8DEE*[#*)'"8#"':F#"'(*9'+D)"9:9&O#X"RD@("9#&*;"

8+>>@$+,+'O$" 'G#(E+\@#$" '(*)$,#($#$" +9+"

'G#(ED[(*FG+#" +)>(*(D@[#" #)" (OFD)$#" ]" @)#" #69+'*'+D)" FGD'D)+\@#" '(*)$+'D+(#X" 4#" &+#)" #)'(#"

8DEE*[#$" #'" *>>*+$$#E#)'" 8#$" F(DF(+O'O$" 'G#(E+\@#$" #$'" *&D($" O

$'(@9'@(*&#$"8@"E*'O(+*@"DC'#)@#$"F*("'DED[(*FG+#"k"D@"F*("E+9(D$9DF+#"DF'+\@#"+)?$+'@X""

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 779 -



!

-*)$"@)"F(#E+#("'#EF$;"&#"9DEFD('#E#)'"EO9*)+\@#"8@"9DEFD$+'#"#$'" DC'#)@"]"F*('+("

#)$DE_'(#$"F&*9O$"#)",+$?]?,+$"$@("&*"'(*)9G#"

*@"9#)'(#"8#"9#''#"8#()+_(#X"4*"&D)[@#@("8#"Z*@[#"#$'"8#"BI"EE"*,#9"@)#"F(O9+$+D)"8#"S"i"#)"

F&#+)#" O9G#&&#X" R@+$;" &*" $#9D)8#" OF(D@,#''#" #$'" #)$@+'#" +)$'(@E#)'O#"

EO9*)+\@#"$#&D)"&#"8+$FD$+'+>"#6FO(+E#)'*&"+&&@$'(O"$@("&*">+[@(#"BX"

)

)

)

)

)

)

)

)

)

)

C>+95-"$"D"M>&@3&>8>G"-?@I5>#-<8!4-"=I=>I"N"4!"#-&95-"=-"=>GG9&>7>8I"8K-5#>L9-""

#I6!<>L9-#-<8"-<"85!68>3<"""

"

4*" F#('@(C*'+D)" #$'" *FF&+\@O#" F*(" @)#" &*EF#" >&*$G" [O)O(*)'" @)#" +EF@&$+D)" 8#" F@+$$*)9#"

)DE+)*&#" 8#" JKK" lX"

9*EO(*"^3"L&+("5+'*)+@E"IBK2"]"9*F'#@("E*'(+9+#&"^)0C"NBK"6"BII"F+6#&$X"H)">+&E"'(*)$F*(#)';"

@'+&+$O" 9DEE#" C*((+_(#" *@" >&@6" 9D),#9'+>;" #$'" 8+$FD$O"

E#$@(#$"8#"8+>>@$+,+'O"D)'" O'O" (O*&+$O#$"FD@(" 9G*\@#"F*&+#("8#" 9G*([#E#)'" #'" 8O9G*([#E#)'X"

8#"&*"9*EO(*"#$'">+6O#"]"BKK"mhX"

.)>+);" )D'D)$" \@#" &#$" #$$*+$" D)'" O'O" 9D)8@+'$" $@(" @)#" E*9G+)#" ]" *$$#(,+$$#E#)'"

'(*,#($#X"4*",+'#$$#"8#"$D&&+9+'*'+D)"*"O'O">+6O#"]"K;KI"EE1E+)X"

"

NP)Q'*T,+)*+)#2&("-+2#)#1+2%$3.+)+#)+"#$%&#$'()

)
.)"$@FFD$*)'"

"#'"@)+8+(#9'+D))#&" ;"&#$"F#('#$"

'G#(E+\@#$")O[&+[#*C&#$;" &*"(OFD)$#"#)"'#EFO(*'@(#"#)">*9#"*((+_(#" "d'(#"

8O9(+'#" "eSf"W""""

"

"

-#"E*)+_(#"[&DC*&#;"&*"8+>>@$+,+'O"'G#(E+\@#"F#@'"*&D($"d'(#"#$'+EO"F*("&*"EO'GD8#"$'*)8*(8"8#"

R*(g#("eSf" ?8#$$D@$">*+$*)'"+)'#(,#)+("&#"'#EF$"8#"8#E+?ED)'O#"'!1BX""

"

0D@G*+'*)'" 8*)$" )D'(#" O'@8#" \@*)'+>+#(" &#$" ,*(+*'+D)$" &D9*&#$" 8#" 8+>>@$+,+'O" 'G#(E+\@#;" +&"

8#,+#)'"FD$$+C&#"]"9#"$'*8#"8#"'(*+'#("&*"(OFD)$#"'G#(E+\@#"#)(#[+$'(O#"#)"9G*\@#"F+6#&"8#"9#''#"

"

T!V"

"

TBV"

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 780 -



!

>*bD)X"/O*)ED+)$"#'" #6+$'#)9#"8#"9*&9@&*'#@("F@+$$*)'

*FF(D9G#" )O9#$$+'#" 8#$" '#EF$" 8#" '(*+'#E#)'" &D)[$" FD@(" @)" (O$@&'*'" $D@,#)'" +)>&@#)9O" F*(" &#"

C(@+'"8#"E#$@(#X"

%@$$+;"&*"F(O>O(#)9#"#$'"8D))O#"]"&*"EO'GD8#"8O,#&DFFO#"F*("2D@(*)8"#'"*&X"eIf"\@+"8O9(+'"&#"

$+[)*&"$#&D)"@)"8O,#&DFF#E#)'"*$:EF'D'+\@#" "W"

"

Dn"""""" "

"

.)" 8O>+)+$$*)'" &*" >D)9'+D)" ;" $:$'_E#"

&+)O*+(#"Dn"k"8#,+#)'"&*" "

"

"

"

""""""""""""""""

4#" ,#9'#@(" " " 9D)'#)*)'" &#$" ,*(+*'+D)$" 8#" 8+>>@$+,+'O" (#9G#(9GO#$" F#@'" *&D($" d'(#" *+$OE#)'"

" +D)"TQVX""

"

"

"

/D'D)$"\@#"8*)$"&#"9*$"8#"E*'O(+*@6"E+)9#$">*+C&#E#)'"GO'O(D[_)#;"+&"*"O'O"8OED)'(O"8*)$"eNf"

F#('+)#)'#X" "N"]"IiX"""

"""

UP)<0".,#&#")+#)*$"4.""$'(")

)
UP>)K2'52$0#0) )

"

" .)"F(#E+#("&+#@;"+&"9D),+#)'"8#"F(O$#)'#("&*",*&#@("8#"8+>>@$+,+'O"'G#(E+\@#"'(*)$,#($#"

"8#"R*(g#("W"9#&&#?9+"#$'"

#$'+EO#" ]" !BAO" P" :AQ$%(Q
'R
" S" QA$T" #

$
%&
'(
" TGD($" +)9#('+'@8#" &+O#" "

8O'#(E+)O#"]"(A$:"S"Q%(T"##VX""

D)" 9D)$+8_(#" ]" F(O$#)'" &#" 9G*EF" 8#" 8+>>@$+,+'O" &D9*&;" &*" 8+$'(+C@'+D)" $'*'+$'+\@#" #$'"

8O'#(E+)O#"C+ED8*&#"9D)$+$'*)'"#)"@)"EO&*)[#"8#"8#@6"FDF@&*'+D)$"[*@$$+#))#$"9#)'(O#$"$@("

&#$",*&#@($""!BAU("P":A:(%(Q
'R
"#
$
%&
'(
"#'""!BAU$"P"$AV$%(Q

'R
"#
$
%&
'(
"T9>X">+[XNCVX".)"CD)"*99D(8"*,#9"

9#$"DC$#(,*'+D)$;"&*"(OF*('+'+D)"$F*'+*&#"+&&@$'(O#">+[@(#"N*"E#'"#)"O,+8#)9#"8#@6"GO'O(D[O)O+'O$"

8#" '*+&&#" 9#)'+EO'(+\@#" )D:O#$" 8*)$" @)#"E*'(+9#" 8#" F(DF(+O'O$" @)+>D(E#$"W" &#$" hD)#$" C&#@#$"

9D((#$FD)8#)'"]"8#$"hD)#$"Dn"&*"8+>>@$+,+'O"&D9*&#"#$'"F&@$">*+C&#$"\@#"8*)$"&#$"hD)#$"(D@[#$X"

"

"

TNV"

"

$D+'"

"

TSV"

"

TIV"

"

TQV"

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 781 -



!

"

""

"

)

)

)

)

)

)

)

)

)
C>+95-":"D"W<!41&-"=9"6K!#@"=-"=>GG9&>7>8I"8K-5#>L9-"85!<&7-5&-A""

X!Y"=>&85>298>3<"&@!8>!4-A"X2Y"=>&85>298>3<"&8!8>&8>L9-"""

"

7#''#"8+$F*(+'O"F#@'"d'(#" *''(+C@O#"]"8#$"hD)#$"F(O$#)'*)'"@)#"E+9(D$'(@9'@(#"8+>>O(#)'#"E*+$"

F&@$" (*+$D))*C&#E#)'" ]" 8#$" hD)#$" 8#" F&@$" >D('#" OF*+$$#@(" &D9*&#E#)'" &+O#$" *@" F(D9O8O"

"7#"(O$@&'*'"$@[[_(#"&*"F#('+)#)9#"8#"&*"EO'GD8#"FD@("+8#)'+>+#("@)#"8+>>@$+,+'O"

'G#(E+\@#"(#F(O$#)'*'+,#"8#$"F(DF(+O'O$"+)'(+)$_\@#$"8@"9DEFD$+'#"#'")D)"ED:#))O#$X""""

4#$",*&#@($"#$'+EO#$"$D)'"#)"CD)"*99D(8"*,#9"&#$"E#$@(#$"(#FD('O#$"8*)$"&*"&+''O(*'@(#"$@("@)"

9DEFD$+'#"8#")*'@(#"$+E+&*+(#"eQfX""""

)
UP@) )

"

"

!" F+6#&" (#F(O$#)'*)'" !IK" oEV;" &#$" *FF(D6+E*'+D)$" 8#" F(#E+#(" D(8(#" $D)'"

'D@ZD@($" Z@$'+>+O#$" X" ^&" #$'" 8D)9" FD$$+C&#"

#" 9DEFD$+'#" #$'"

$D&&+9+'O"EO9*)+\@#E#)'"F*("&*"EO'GD8#"8O9(+'#X"

4#$" 8+>>@$+,+'O$" 'G#(E+\@#$" '(*)$,#($#$" ED:#))#$" E#$@(O#$;" *$$D9+O#$" *@6" 9*('D[(*FG+#$"

&D9*&#$"DC'#)@#$"$D)'" +9+" (#FD('O#$"$@(" &*" >+[@(#"S"FD@("9G*\@#"O'*'"8#"9D)'(*+)'#"EO9*)+\@#"

)"

0@("9#''#">+[@(#;"& )'"EO9*)+\@#"+)8+\@#"@)#"9G@'#"8#"&*"8+>>@$+,+'O"'G#(E+\@#"

@&'+E#X" .)" *FF@:*)'" $@(" &#$" 9*('D[(*FG+#$" 8#" F(DF(+O'O$;" +&" $#EC&#" O,D&@'+D)" 8#" &*"

8+>>@$+,+'O" $D+'" (#F(O$#)'*'+,#" 8@" 9DEFD('#E#)'" 8@" E*'O(+*@" F(D[(#$$+,#" 8#"

hD)#$"C&#@#$"

#$'"*''(+C@O#"]" &*"F(O$#)9#"8#">+$$@(*'+D)" T&#$" >+$$@(#$" ZD@*)'" &#" (p&#"8#">(#+)"]" &*"9D)8@9'+D)"

'G#(E+\@#VX" "W""

T+V!

KXKI" i" 9D((#$FD)8*)'" ]" @)#" ,*&#@(" &O[_(#E#)'" *@" 8#$$@$" 8#" &*" &+E+'#" O&*$'+\@#"

&+)O*+(#"8@"9DEFD$+'#"T #&" "K;K!KiVX"

T++V!

8O>D(E*'+D)$"+EFD('*)'$"T$@FO(+#@($"]"K;IiVX"/D@$"(*FF(D9GD)$"9#''#"8O9(D+$$*)9#"

]" &*" FG*$#" 8#" >+$$@(*'+D)"E*'(+9+#&&#" 8@" 9DEFD$+'#" \

9#''#" F&*[#" 8#" 8O>D(E*'+D)" #'" \@+" #$'" (#FO(*C&#" $@(" &*" 9D@(C#" 8#" 9DEFD('#E#)'"

EO9*)+\@#X"

"

A&C)

"

AVC)

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 782 -



!

T+++V! $@(" 9#''#" EdE#" F&*[#" 8#" 8O>D(E*'+D);" &#$" 8+>>@$+,+'O$" 'G#(E+\@#$" (O$+8@#&&#$"

9D((#$FD)8*)'#$"]"@)"O'*'"8#"8O9G*([#E#)'"9DEF&#'"T(#'D@("]"@)#"9D)'(*+)'#")@&&#V"

$D)'"#$'+EO#$"&O[_(#E#)'"$@FO(+#@(#$"*@6",*&#@($"DC'#)@#$"$D@$"9G*([#E#)';"$*)$"

(#ED)'#("'D@'#>D+$"]"&#@(")+,#*@"+)+'+*&X"7#"(O$@&'*'"#$'"9DGO(#)'"*,#9"&#">*+'"\@#"&#$"

>+$$@(#$"9(OO#$"8*)$" &#"F&*)"F#(F#)8+9@&*+(#"]" &*" $D&&+9+'*'+D)" &D

(#>#(E#)'"F*$"#)'+_(#E#)'X""""

"

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

C>+95-"Z" "M>GG9&>7>8I&"8K-5#>L9-&"85!<&7-5&-&"#31-<<-&"-8"=>&85>298>3<"436!4-"@395"

"6K!L9-"I8!8" -&&!>"=-"85!68>3<"6164I-%"

H)#"9D@F#"E+9(D[(*FG+\@#"8#"&*"$#9'+D)"8@"9DEFD$+'#"O'@8+O;"(O*&+$O#"FD$'?#$$*+"#$'"F(O$#)'O#"

]"&*">+[@(#"I"#'"(O,_&#"&*"F(O$#)9#"8#">+$$@(*'+D)"E*'(+9+#&&#"#'"+)'(*?>+&"'(*)$,#($#"]"&*"8+(#9'+D)"

8#"$D&&+9+'*'+D)X""""""""

.)>+);"D)"(#E*(\@#(*"$@("&#$"9*('D[(*FG+#$"\@#"&*"8+$F#($+D)"8#$"8+>>@$+,+'O$"*@"$#+)"8#"&*"hD)#"

""

"

"

"

"

"

"

"

"

"

"

"

"

"

"
C>+95-"T" "F4>6KI"#>653+5!@K>L9-"=9"63#@3&>8-"I89=>I"@3&8'-&&!>"

[>&-"-<"I7>=-<6-"=-"4!"G>&&95!8>3<"85!<&7-5&-"XWY"-8"#!85>6>-44-"X\Y"

W,.S)

#1+2%$3.+)

P) L$2+4#$'(")*+)
"',,$4$#&#$'()

F)

F)

F)

F)

F)

I)

I)

I)

I)

!"#$%&'

("&$%&'

("#$%&'

)"&$%&'

)"#$%&'

*"&$%&'

&

#&

!&&

!#&

(&&

(#&

)&&

&"&& &"!& &"(& &")& &"*& &"#& &"'&

+
,-
-.
/,
0
,1
2
31
4
5
67

,8
.
5
37
9
:
5
;
;
5
33<
7

(
=/

%!
>

?
9
;
16
@
,;
15
3<
A
B
@
>

+2-967@1,9;3<C>3

$D69.051153?%E,?3% BF'%!GBF'%(33

"#$%!&'()*+,-.!/!0(1*2$)+*2.34'51$6)2+1*7

"#$%!89.$6+,-.!:!04+55-;+<+2'34'51$6)2+1*7

<&>

<(>

<*>

<'>

<H>

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 783 -



!

XP)6'(4,."$'()
)

4#$"(O$@&'*'$"F(O$#)'O$"8*)$"9#"'(*,*+&"9D)>+(E#)'"

F&*9#"8#"EO'GD8#$"8#"E#$@(#$"&D9*&#$"FD@("9*(*9'O(+$#("F(O9+$OE#)'"&#$"F(DF(+O'O$"'G#(E+\@#$"

8#$" E*'O(+*@6" *)+$D'(DF#$" E*+$" O[*&#E#)'" FD@(" $@+,(#" &#$" 8DEE*[#$" EO9*)+\@#$" #'" &#@($"

#>>#'$X" 4*" 9D((O&*'+D)" *,#9" &#$" 9D@(C#$" 8#" 9DEFD('#E#)'" 8@" 9DEFD$+'#" O'@8+O;" *$$D9+O" *@6"

8#$9(+F'+D)$" E+9(D$'(@9'@(*&#$" 8OED)'(#" C+#)" *)'+'*'+,#" 8#" 9#$"

"

7#" '(*,*+&" #$'" *9'@#&&#E#)'" F(O$#)'" FD@($@+,+" #)" *8*F'*)'" &*" 8OE*(9G#" *@6"DCZ#'$" '@C@&*+(#$"

O#X"4*" '(*)$FD$+'+D)"8@"C*)9"#6FO(+E#)'*&"#)"

#),+(D))#E#)'"GD$'+&#"T'#EFO(*'@(#"O&#,O#;">&@6"9D),#9'+>V"8D+'"O[*&#E#)'"d'(#"O'@8+O#X""""""""

""

<0-02+(4+")

e!f" qXrX" L*(DDg+;" 2X" 0G#+gG;" s"L+)+'#" #&#E#)'" ED8#&&+)[" D>" 'G#(E*&" '(*)$FD('" +)" 9#(*E+9" E*'(+6"

9DEFD$+'#$"t;"7DEF@'*'+D)*&"2*'#(+*&$"09+#)9#$;",D&X"Nu;"FFX"NQ!?NuN;"BKKQX"

eBf" 2X" M*E>D(8;" s"2O'GD8#" >&*$G" #'" 'G#(ED[(*FG+#" +)>(*(D@[#" FD@(" &*" 9*('D[(*FG+#" 8#" F(DF(+O'O$"

'G#(EDFG:$+\@#$"W"*FF&+9*'+D)"]"&*"9*(*9'O(+$*'+D)"#)"'G#(ED[(*FG+#"t;"'G_$#"8#"8D9'D(*';"BKKuX"

eNf" qX" .&" A*[D@C+" s"

9DEFD$+'#$" ]" E*'(+9#" 9O(*E+\@#"W" *FF(D9G#" E@&'+O9G#&&#"t;" 'G_$#" 8#" 8D9'D(*';" H)+,#($+'O" 8#"

MD(8#*@6"!;"BK!!X"

eSf" lXqX" R*(g#(;" 3XqX" q#)g+)$;" 7XRX" M@'&#(;" =X4X" %CCD'';" s"L&*$G" E#'GD8" D>" 8#'#(E+)+)[" 'G#(E*&"

8+>>@$+,+':;"G#*'"9*F*9+':"*)8"'G#(E*&"9D)8@9'+,+':"t;"qX"D>"%FF&X"RG:$+9$;",D&X"NB;")a<;"FFX"!Qu<?

!QJS;"!<Q!X"

eIf" -X" 2D@(*)8;" qX" =D@)D';" qX7X" M*'$*&#;" s"/#v" $#\@#)'+*&" E#'GD8" 'D" F(D9#$$" )D+$:" '#EF#(*'@(#"

(#$FD)$#">(DE">&*$G"#6F#(+E#)'"E#*$@(#8"C:"+)>(*(#8"9*E#(*"t;"3#,+#v"D>"09+#)'+>+9"^)$'(@E#)'$;"

,D&X"Q<;"FFX"!SNu?!SSK;"!<<JX""

eQf" 4X"7G#)[;"AX"k@;"wX"xG*)[;"4X"xG*)[;"s""5G#(E*&"8+>>@$+,+':"D>"N-"710+7"9DEFD$+'#$">(DE"(DDE"

'#EF#(*'@(#"'D"!SKKa7"t;"7*(CD);",D&X"S!;"FFX"uKu?u!!;"BKKNX""

Congrès français de thermique, SFT2012, Talence, 29 mai - 1er juin 2012

- 784 -


