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Journée d'Études SFT Thermodynamique et Énergétique 2006

optimisation énergétique des moteurs thermiques : nouveaux défis



��������

� ��������
� ���������������� ���!���"�� �#���$%!������#
� �&%��'(#�#
� ����&#��!���)!��*��

� �������� ��"�$%��##���
� �������� �� !�����
� �������� ���!)!�!������
� �������

� ����&#�������%�*��
� ����&#� ����)!��*��
� �!#�����#��������&#�#
� ���"��#���



hQ

cQ
�

�

�

�

�

�

rQ

rQ

��������

� +"���$��� ,!���)��
� 
����#������ �#�!���)��#�

�����-������#
Moteur Stirling

1-2: Le gaz froid est comprimé par le piston
moteur

2-3: Le piston déplaceur chasse le gaz vers la
cellule chaude où il s’échauffe à volume 
constant

3-4: Le gaz se détend en poussant le piston de
travail ; c’est le temps moteur 

4-1: Le piston chasse le gaz vers la source froide
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X0 : course du piston moteur
y0 : course du piston déplaceur

PMH

PMB

Source chaude

Puit froid

PMB

PMH

x0

y0+lr
Vh

Vc

Régénérateur - Déplaceur
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0 1!�����

0 �!)!�!������
0( ). .h mh d pV V y y S x S= + - +

x

0 (1 cos )
2

x
x q= +

0 (1 cos( ))
2

y
y j q= + -

.c mc dV V y S= +

2 2.( ).mr cyl d rV R R lp= -
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Si alors sinon

�� �������� �� !������������� �� !����� (H)

(C)
( )c  dm .c c p rc v c

Q W c T c d mTd d+ + =

csdmcedm

hQd

hWd

      pv
c p rc c c c

cc
Q c T dm V dp p dV

r r
d =- + +

hsdm hedm

cWd

( )h  dm .h h p rh v h
Q W c T c d mTd d+ + =

      pv
h p rh h h h

cc
Q c T dm V dp p dV

r r
d =- + +

cQd

0cdm > 'rc cT T= rc cT T=

•

•

Si alors, sinon 0hdm > 'rh hT T= rh hT T=
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      v

r p rc c p rh h r
c

Q c T dm c T dm V dp
r

d = + +

• Hypothèse : régénération imparfaite

•

' ' 1h c h c r
r

h c h c h c

T T T T T

T T T T T T
h

- - D
= = = -

- - -

• Un tour de vilebrequin pendant un ( )c h rW Q Q Q= - + +- Travail

th
h r

W

Q Q
h =

+
- Rendement thermique

th
II

carnot

h
h

h
=- Degré de qualité 

  ( ) c c c wc cQ U A T T t= - D

( )   h r h h wh hQ Q U A T T t+ = - D

-Températures des parois:
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cQd

cdp

scT

cQd

cdS

scdS

.c
c cr c

c

Q
dS s dm

T

d
= +

1 1
 c c

sc c

Q
T T

dp d
� �

= -� �� �
� �

c sc cdS dSdp = -

- 3!$� %���"�%�� ������'��$� &��$�*���4#&#�($����-���5
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0
0 0

. ln( ) . ln( )rc
rc p

T p
s s c r

T p
= + -

0cdm > 'rc cT T= rc cT T=Si alors sinon
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1 1
h h

h sh

Q
T T

dp d
� �

= -� �� �
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hQd
hdS

shT

hT

hQd shdS

hdp

.h
h hr h

h

Q
dS s dm

T

d
= +

h h shdS dSdp = -
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0
0 0

. ln( ) .ln( )rh
rh p

T p
s s c r

T p
= + -

0hdm > 'rh hT T= rh hT T=Si alors sinon
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. .r
r rc c rh h r

r

Q
dS s dm s dm

T

d
dp= + + +

0c h r
c h r r

c h r

Q Q Q
dS dS dS

T T T

d d d
dp+ + = + + + =

( )c h r
r

c h r

Q Q Q

T T T

d d d
dp =- + +

- 6����������%�*��� ��$�����

0cdm > 'rc cT T= rc cT T=

0hdm > 'rh hT T= rh hT T=

Si alors sinon

Si alors sinon
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hQd
0shT T=

���������������	�����������������	��
h
lostExd

0hT T<
h

h

T
QExdd

0sh

h

T
QExdd =

hQd
h

h

Th
lost QEx Exdd d=

0 0
1 1

( )h
lost h h

h sh

Ex T Q T
T T

d d dp= - =

•

•

•

( ) ( )0 0 0
f

p rh rhrhex c T T T s s= - - -

0
0(1 ) . .f

h h h h hrh
h

T
dEx Q W p dV ex dm

T
d d= - + + +
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0
0(1 ) . .f

c c c c rc c
c

T
dEx Q W p dV ex dm

T
d d= - + + +

0 0
1 1

( )c
lost c c

sc c

Ex T Q T
T T

d d dp= - =

c
lostEx

cT
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CQd

c

c

T
QExd

scT
sc

c

T
QExd

CQd

sc c

C C

T Tc
lostQ QEx Ex Exd dd d d= +

- 6����� �# ����)��#

- 6���� ����)!��*�� %�������#&#�($����-���.

- %����# ����)!��*��# .

( ) ( ) ( ) ( )0 0 0 0 0 0
f
rc rc rc p rc rcex h h T s s c T T T s s= - - - = - - -
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( )01  
sh

h

ex T
Q h r

sh

W W

TEx Q Q
T

h = =
� �

- +� �
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01
sc

c

ex T
Q c

sc

W W

TEx Q
T

h = =
� �
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� �

max
max

sc

c

ex T
Q

W

Ex
h =

•
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si et  0shT T> 0scT T»

si et0shT T» 0scT T<

max  
Carnot hW Qh=

0
0(1 ) . . .ff

r r rc c h rrh
r

T
dEx Q ex dm ex dm T

T
d dp= - + + -
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D57

?=?@?A31>@�� é������% ’�����)���%��(�$��'�$$ $��
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D57
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@=B61A�31>6� ����� é %��'+�$� ���� ç ��)���$��'�$$ $��
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thh

Carnoth

cp

hp

rp

exh

maxexh
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7,500,270,3

7,640,280,2

7,770,300,1

[ ] %thh [ ] %exh/mr dV V

� 	��%��%������� ��-���$��4$���5� ��
�!)!�!�������.
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26,147,711,370,364288

32,07

41,41

58,62

7,09

6,11

4,31

1,03

0,68

0,34

0,333289

0,282290

0,201291

[ ]cT K
h cT T- [ ] %thh [ ]%carnoth [ ] %exh [ ]%IIh

3,772.10-68,507.10-6
9,119.10-64288

2,106.10-6

9,292.10-7

2,306.10-7

5,638.10-6

3,364. 0-6

1,677.10-6

5,949.10-6

3,495.10-6

1,718.10-6

3289

2290

1291

[ ]cT K h cT T- [ ]/c J Kp [ ]/h J Kp [ ]/r J Kp

� 	����$%!����������� �� ���,����.
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[ ] %exh

10035,260,68100

58,6214,250,4075

41,46

32,07

26,15

7,640,2850

4,750,2225

3,230,180

[ ] %thh [ ] %exh [ ]%IIh[ ]%rh

288,216293,795100

286,948295,06375

285,680296,33150

284,412297,59925

283,144298,8670

[ ]%rh [ ]whT K [ ]wcT K
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15,84.10-75,907.10-7311

4,645.10-71,690.10-61,736.10-6B0

9,291.10-7

1,393.10-6

1,858.10-6

3,36.10-6

5,60.10-6

8,381.10-6

3,495.10-6

5,874.10-6

8,883.10-6

01

60

1

[ ]/r J Kp[ ]/h J Kp[ ]/c J Kp[ ]%rh
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202,46.10-45,5

1992,89.10-421

wTD [ ]W J [ ]/minN tr
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0 %rh =


