
 

 



𝑝 = 𝑝0 + ∆𝑝 𝑧0 ∆𝑝 ≠ 0

𝑧𝑟 𝑧

𝑝 𝑝0

 

Figure 1 : Schématisation d’un manomètre différentielle. 

∆𝑝 = 0 ∆𝑝 ≠ 0

 (𝑧0 − 𝑧𝑟)

(𝒛 − 𝒛𝟎), 𝒔 𝒆𝒕 𝑺

𝑉𝑡𝑜𝑡𝑎𝑙
𝑙𝑖𝑞

 ∆𝑝 = 0  

(𝑉𝑡𝑜𝑡𝑎𝑙
𝑙𝑖𝑞
)
∆𝑝=0

= 𝑉𝑟𝑒𝑠
𝑙𝑖𝑞
+ 𝑉𝑡𝑢𝑏𝑒

𝑙𝑖𝑞

 ∆𝑝 ≠ 0  

(𝑉𝑡𝑜𝑡𝑎𝑙
𝑙𝑖𝑞
)
∆𝑝≠0
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𝑙𝑖𝑞
+ ∆𝑉𝑟𝑒𝑠

𝑙𝑖𝑞
+ 𝑉𝑡𝑢𝑏𝑒

𝑙𝑖𝑞
+∆𝑉𝑡𝑢𝑏𝑒

𝑙𝑖𝑞
= (𝑉𝑡𝑜𝑡𝑎𝑙

𝑙𝑖𝑞
)
∆𝑝=0

 

∆𝑉𝑟𝑒𝑠
𝑙𝑖𝑞
+∆𝑉𝑡𝑢𝑏𝑒

𝑙𝑖𝑞
= 0

𝑆(𝑧0 − 𝑧𝑟) + 𝑠(𝑧0 − 𝑧) = 0

(𝑧0 − 𝑧𝑟) =
𝑠

𝑆
(𝑧 − 𝑧0)

∆𝑝 = 𝑝 − 𝑝0 𝑧 𝑧𝑟  𝑔 𝑧𝑟
∆𝑝 𝑧 𝑧0  𝑔 𝑠, 𝑆

 

 [𝑝]𝐴
𝐵 = 𝑝 − 𝑝0 = −𝜌𝑔[𝑧]𝐴

𝐵 = −𝜌𝑔(𝑧𝑟 − 𝑧) = 𝜌𝑔(𝑧 − 𝑧𝑟)

Réservoir section S 

tube section s 



𝑧𝑟 

𝑧𝑟 = −
∆𝑝

𝜌𝑔
+ 𝑧

 

𝑧0 − 𝑧 +
∆𝑝

𝜌𝑔
=
𝑠

𝑆
(𝑧 − 𝑧0)

∆𝑝 = 𝜌𝑔(𝑧 − 𝑧0) (
𝑠

𝑆
+ 1)

∆𝑧 = (𝑧 − 𝑧0)  𝜎 =
∆𝑧

∆𝑝

 

𝜎 (𝑚𝑚/𝑚𝑏𝑎𝑟  

𝑠 = 20𝑚𝑚2,   𝑆 = 40𝑐𝑚2,   𝜌 = 1000 𝑘𝑔/𝑚3

(𝑧 − 𝑧0) ∆𝑧  

∆𝑝 = 𝜌𝑔∆𝑧 (
𝑠

𝑆
+ 1)

 

𝜎 =
∆𝑧

∆𝑝
=

1

𝜌𝑔 (
𝑠
𝑆
+ 1)

 

𝜎𝑐𝑜𝑛𝑠𝑡 =
1

2𝜌𝑔
>

1

𝜌𝑔 (
𝑠
𝑆 + 1)

𝑠

𝑆
+ 1 < 2

𝑠

𝑆
< 1

 

Figure 2 schématisation du manomètre après inclinaison du tube.



𝜎

  

∆𝑝 = 𝜌𝑔∆𝑧 (
𝑠

𝑆
+ 1)

 

𝜎 =
∆𝑧𝑎𝑥𝑒 𝑡𝑢𝑏𝑒

∆𝑝

∆𝑧𝑎𝑥𝑒 𝑡𝑢𝑏𝑒 ∆𝑧 = (𝑧 − 𝑧0)

  

∆𝑧𝑎𝑥𝑒 𝑡𝑢𝑏𝑒 =
∆𝑧

sin 𝛼

 

𝜎 =
∆𝑧𝑎𝑥𝑒 𝑡𝑢𝑏𝑒

∆𝑝
=

1

𝜌𝑔 (
𝑠
𝑆
+ 1) sin𝛼



 

 

𝑆 ℎ0

. 
 

 
Figure 3 densimètre dans l’eau

 

𝑃 = 𝜌𝑙𝑖𝑞𝑔𝑉𝑖𝑚𝑚𝑒𝑟𝑔é

𝜌𝑙𝑖𝑞𝑉𝑖𝑚𝑚𝑒𝑟𝑔é

 

𝑆 = 2𝑐𝑚2    𝑒𝑡       ℎ0 = 15 𝑐𝑚

. 

𝜌𝑙𝑖𝑞𝑉𝑖𝑚𝑚𝑒𝑟𝑔é = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒

𝑉1  𝑉2

𝜌1𝑉1 𝜌2𝑉2

𝑉2 =
𝜌1
𝜌2
𝑉1

𝜌2 = 2 × 𝜌𝑒𝑎𝑢 = 2𝜌1  

𝑉2 =
𝑉1
2

 

𝑉1 − 𝑉2 = 𝑉1 −
𝑉1
2
=
𝑉1
2
= ℎ0𝑆 = 15 × 2 = 30 𝑐𝑚

3

𝑉1 = 60 𝑐𝑚
3 𝑒𝑡 𝑉2 = 30 𝑐𝑚

3



𝑉1.5 =
𝜌1
𝜌1.5

𝑉1

𝜌1.5 = 1.5 × 𝜌𝑒𝑎𝑢 = 1.5𝜌1  

𝜌1
𝜌1.5

=
1

1.5
=
2

3

 

𝑉1.5 =
2

3
𝑉1

𝑉1 − 𝑉3 = 𝑉1 −
2𝑉1
3
=
𝑉1
3
= ℎ. 𝑆 

ℎ =
𝑉1
3. 𝑆

= 10 𝑐𝑚 =
2

3
ℎ0 

 

  



 

𝑅 𝑅 = 8.314 𝐽/𝑀𝑜𝑙𝑒/𝐾

𝑃1,  𝑉1, 𝑇1 

 

𝑇1 = 300𝐾  𝑒𝑡  𝑉1 = 10 𝐿

𝑃2,  𝑉2, 𝑇2

𝑷 = 𝟏𝟎𝒃𝒂𝒓

 𝑃1

 

𝑃1𝑉1 = 𝑅𝑇1       
                    
→      𝑃1 =

𝑅𝑇1
𝑉1
=
8.314 × 300

102
= 249 420 𝑃𝑎 ≈ 2.5 𝑏𝑎𝑟

  

𝑃 = 10 𝑏𝑎𝑟 > 𝑃1

   

 

. 

 

∆𝑈 = 𝑊 = −𝑃∆𝑉 = −𝑃(𝑉2 − 𝑉1)

(𝑉2 − 𝑉1) < 0 
                    
→       𝑊 > 0  

                    
→       ∆𝑈 > 0  

                    
→       𝑈2 > 𝑈1

∆𝑈 = 𝐶𝑉 . ∆𝑇

 

∆𝑇 =
∆𝑈

𝐶𝑉
𝐶𝑉 =

3

2
𝑅 𝐶𝑉 =

5

2
𝑅



∆𝑇𝑚𝑜𝑛𝑜𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒 =
2

3𝑅
∆𝑈 ∆𝑇𝑑𝑖𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒 =

2

5𝑅
∆𝑈

 𝑃2  

𝑃2 𝑃2 = 𝑃 = 10 𝑏𝑎𝑟

 
𝑉2

𝑉1

𝑥 =
𝑃

𝑃1
 
𝐶𝑉

𝑅

∆𝑈 = 𝐶𝑉(𝑇2 − 𝑇1) = −𝑃(𝑉2 − 𝑉1) = 𝑊

 𝐶𝑉 =
3

2
𝑅

𝐶𝑉
𝑅
(𝑃2𝑉2 − 𝑃1𝑉1) = 𝑃(𝑉1 − 𝑉2)

𝑉2 (
𝐶𝑉
𝑅
𝑃2 + 𝑃) = 𝑉1 (

𝐶𝑉
𝑅
𝑃1 + 𝑃)

                    
→      

𝑉2
𝑉1
=
(
𝐶𝑉
𝑅
𝑃1 + 𝑃)

(
𝐶𝑉
𝑅 𝑃2 + 𝑃)

𝑃2 = 𝑃  𝑥𝑃1

𝑉2
𝑉1
=
(
𝐶𝑉
𝑅 𝑃1 + 𝑃)

𝑃 (
𝐶𝑉
𝑅 + 1)

=
(
𝐶𝑉
𝑅 𝑃1 + 𝑥𝑃1)

𝑥𝑃1 (
𝐶𝑉
𝑅 + 1)

=
(
𝐶𝑉
𝑅𝑥 + 1)

(
𝐶𝑉
𝑅 + 1)

 𝑉2 𝑇2

𝑃 =  𝑥𝑃1 = 10 𝑏𝑎𝑟  𝑃1 =

2.5 𝑏𝑎𝑟 𝐶𝑉 =
3

2
𝑅

𝑥 =
10

2.5
= 4

𝑉2
𝑉1
=
11

20
= 0.55

                    
→      𝑉2 = 5.5 𝐿 

𝑇2 =
𝑃2𝑉2
𝑅

= 661 𝐾

 𝑷 = 𝒙 𝑷𝟏 (𝒙 > 𝟏)

𝒙 𝑽𝟐(𝒙)

 𝑃 

𝑅, 𝐶𝑣 𝑉1

 

𝑉2
𝑉1
=
(
𝐶𝑉
𝑅𝑥 + 1)

(
𝐶𝑉
𝑅 + 1)

 

 



lim
𝑥→∞

(
𝐶𝑉
𝑅𝑥
+ 1)

(
𝐶𝑉
𝑅 + 1)

=
1

(
𝐶𝑉
𝑅 + 1)

=
𝑅

(𝐶𝑉 + 𝑅)

𝐶𝑉 =
3

2
𝑅

𝑉2
𝑉1
<

𝑅

(
3
2𝑅 + 𝑅)

=
2

5
= 0.4

 

 

𝐶𝑉 =
5

2
𝑅 

𝑉2
𝑉1
<

𝑅

(
5
2𝑅 + 𝑅)

=
2

7
= 0.28

𝑉2 = 0.3 𝑉1~0.28 𝑉1

 

𝑈 𝑇 𝑃 𝑉

𝑈 = 𝐶𝑉𝑇 =
𝐶𝑉

𝑅
𝑃𝑉

𝑃1,  𝑉1, 𝑇1
𝑉2

𝑉1

𝑈2

𝑈1

 𝑃 = 10𝑏𝑎𝑟

𝑉2

𝑉1

𝑈2

𝑈1

𝑈2
𝑈1
=
𝑇2
𝑇1
=
661

300
= 2.2

𝑈2
𝑈1
=
𝑃2𝑉2
𝑃1𝑉1

                    
→      

𝑉2
𝑉1
=
𝑈2
𝑈1

𝑃1
𝑃2
=
2.2

4
= 0.55

 

𝑃1 𝑃2 = 10 𝑏𝑎𝑟

 

5
𝑑𝑉

𝑉
+ 3

𝑑𝑃

𝑃
= 0

𝑑𝑈 = 𝐶𝑉𝑑𝑇 =
𝐶𝑉
𝑅
𝑑(𝑃𝑉)

𝑑𝑈 =
𝐶𝑉
𝑅
𝑃𝑑𝑉 +

𝐶𝑉
𝑅
𝑉𝑑𝑃

, 

 𝑑𝑈 = −𝑃𝑑𝑉 



 

𝐶𝑉
𝑅
𝑃𝑑𝑉 +

𝐶𝑉
𝑅
𝑉𝑑𝑃 = −𝑃𝑑𝑉

(
𝐶𝑉
𝑅
+ 1)𝑃𝑑𝑉 +

𝐶𝑉
𝑅
𝑉𝑑𝑃 = 0

𝐶𝑉 =
3

2
𝑅  

5

2
𝑃𝑑𝑉 +

3

2
𝑉𝑑𝑃 = 0

2

𝑃𝑉

5
𝑑𝑉

𝑉
+ 3

𝑑𝑃

𝑃
= 0

5
𝑑𝑉

𝑉
= −3

𝑑𝑃

𝑃

                    
→      𝑑(ln𝑉) = −

3

5
× 𝑑(ln𝑃)

[ln𝑉]1
2 = −

3

5
[ln𝑃]1

2
                    
→      ln

𝑉2
𝑉1
= ln

𝑉2
𝑉1
=
3

5
ln
𝑃1
𝑃2

𝑉2
𝑉1
= (
𝑃1
𝑃2
)

3
5⁄

= 0.435

𝑈2

𝑈1

𝑈2
𝑈1
=
𝑃2𝑉2
𝑃1𝑉1

= 4 × 0.435 = 1.74

 

𝑃2 = 10 𝑏𝑎𝑟

𝑇2 = 𝑇1 = 300𝐾

𝑈2
𝑈1
= 1

                    
→      𝑃2𝑉2 = 𝑃1𝑉1

                    
→      

𝑉2
𝑉1
=
𝑃1
𝑃2
= 0.25

  



  

𝑝0, 𝑇0 𝑝2, 𝑇2 = 𝑇0

 

𝑝0 𝑝1 𝑝0, 𝑇0 𝑝1, 𝑇1
 𝑇0

𝑝1, 𝑇0

 

 𝑝1 𝑝2
𝑝1, 𝑇0 𝑝2, 𝑇2

 

𝑇0 𝑝2, 𝑇0

 : 

𝑝0 = 1 𝑏𝑎𝑟; 𝑝2 = 64 𝑏𝑎𝑟;  𝑇0 = 300 𝐾 ;  𝐶𝑝 =
7

2
𝑅

𝑝, 𝑉

𝑇0

 

 

 

 

 

𝑇0 𝑇1 𝑊𝐴𝐴′
𝐴𝐴′

∆𝑈 𝑊1

∆𝑈𝐴𝐴′ = 𝐶𝑉(𝑇1 − 𝑇0) = 𝑊𝐴𝐴′ = 𝑊1

𝑇0 𝑇1 𝑄′1
𝐴′𝐶 𝑊′1



𝑄′1 = −𝑄
′
𝐴′𝐶 = −𝐶𝑝(𝑇0 − 𝑇1)

∆𝑈𝐴′𝐶 = 𝑄′𝐴′𝐶 +𝑊𝐴′𝐶 = 𝐶𝑉(𝑇0 − 𝑇1) = −𝑊𝐴𝐴′

𝑊′1 = 𝑊𝐴′𝐶 = −𝑊𝐴𝐴′ − 𝑄
′
𝐴′𝐶 = 𝐶𝑉(𝑇0 − 𝑇1) − 𝐶𝑝(𝑇0 − 𝑇1) = (𝐶𝑉 − 𝐶𝑃)(𝑇0 − 𝑇1)

𝑊′1 = 𝑊𝐴′𝐶 = 𝑅(𝑇1 − 𝑇0)

  

𝑊′1 = 𝑊𝐴′𝐶 = 𝑅(𝑇1 − 𝑇0)

𝑇0, 𝑇1 𝑇2 𝑊

𝑝0 𝑝2
𝑇0,  𝑝0,  𝑝1,  𝑝2

 𝛼 =
1−𝛾

𝛾

 

𝑊 = 𝑊𝐴𝐵 = 𝑊𝐴𝐴′ +𝑊𝐴′𝐶 +𝑊𝐶𝐶′ +𝑊𝐶′𝐵

𝑊 = 𝑊𝐴𝐵 = 𝐶𝑉(𝑇1 − 𝑇0) +  𝑅(𝑇1 − 𝑇0) + 𝐶𝑉(𝑇2 − 𝑇0)  +  𝑅(𝑇2 − 𝑇0)

𝑊 = 𝑊𝐴𝐵 = 𝐶𝑃(𝑇1 − 𝑇0) + 𝐶𝑃(𝑇2 − 𝑇0) = 𝐶𝑃(𝑇2 − 2𝑇0 + 𝑇1)

 

 

𝑝𝑉𝛾 = 𝑐𝑜𝑛𝑠𝑡

 

𝑝
1−𝛾
𝛾  . 𝑇 = 𝑝𝛼  . 𝑇 = 𝑐𝑜𝑛𝑠𝑡

𝑇1 = 𝑇0 (
𝑝0
𝑝1
)
𝛼

             𝑒𝑡               𝑇2 = 𝑇0 (
𝑝1
𝑝2
)
𝛼

   

𝑊 = 𝑊𝐴𝐵 = 𝐶𝑃 (𝑇0 (
𝑝1
𝑝2
)
𝛼

− 2𝑇0 + 𝑇0 (
𝑝0
𝑝1
)
𝛼

) = 𝐶𝑃𝑇0 ((
𝑝1
𝑝2
)
𝛼

+ (
𝑝0
𝑝1
)
𝛼

− 2)

𝑝1 𝑝0 𝑝2  

𝑝1.

 

𝑑𝑊

𝑑𝑝1
= 𝛼𝐶𝑃𝑇0 (

𝑝1
𝛼−1

𝑝2
𝛼
−
𝑝0
𝛼

𝑝1
𝛼+1)

𝑝1

𝛼𝐶𝑃𝑇0 (
𝑝1
𝛼−1

𝑝2
𝛼
−
𝑝0
𝛼

𝑝1
𝛼+1) = 0 𝑠𝑠𝑖   𝑝1

2𝛼 = (𝑝0𝑝2)
𝛼

𝑝1 = √𝑝0𝑝2 = 8 𝑏𝑎𝑟

𝑊

𝑊 = 𝑊𝐴𝐵 = 𝑇0
7𝑅

2
((
𝑝1
𝑝2
)
𝛼

+ (
𝑝0
𝑝1
)
𝛼

− 2) ≈ 14.2 𝑘𝐽



 

 

 

𝑄𝐴𝐴′ = 0

∆𝑈𝐴𝐴′ = 𝐶𝑉(𝑇2 − 𝑇0) = 𝑊𝐴𝐴′

 

∆𝑈𝐴′𝐵 = 𝑄𝐴′𝐵 +𝑊𝐴′𝐵 = 𝑄𝐴′𝐵 +𝑊𝐴′𝐵 = 𝐶𝑉(𝑇0 − 𝑇2) = −𝑊𝐴𝐴′

𝑊𝐴′𝐵 = −𝑊𝐴𝐴′ − 𝑄𝐴′𝐵 = −𝐶𝑉(𝑇2 − 𝑇0)−𝐶𝑃(𝑇0 − 𝑇2) = (𝐶𝑉 − 𝐶𝑃)(𝑇0 − 𝑇2) = 𝑅(𝑇2 − 𝑇0)

 

𝑊𝐴𝐵 = 𝑊𝐴𝐴′ +𝑊𝐴′𝐵 = 𝐶𝑉(𝑇2 − 𝑇0) + 𝑅(𝑇2 − 𝑇0) = 𝐶𝑃(𝑇2 − 𝑇0) =
7𝑅

2
(𝑇2 − 𝑇0)

𝑇2 = 𝑇0 (
𝑝0
𝑝2
)
𝛼

𝑊𝐴𝐵 =
7𝑅

2
𝑇0 ((

𝑝0
𝑝2
)
𝛼

− 1) ≈ 20 𝑘𝐽

(𝑊𝐴𝐵)1 é𝑡𝑎𝑔𝑒
(𝑊𝐴𝐵)2 é𝑡𝑎𝑔𝑒𝑠

≈ 1.42

 


