
--------------------------------Uncertainty Analysis-------------------------------- 
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---------------------------------------------Marcet Boiler------------------------------------------- 

(
𝑑𝑃

𝑑𝑇
)

𝑠𝑎𝑡
=  

ℎ𝑓𝑔

𝑇𝑣𝑓𝑔
=

𝑠𝑓𝑔

𝑣𝑓𝑔
 (

𝑑𝑃

𝑑𝑇
)

𝑠𝑎𝑡
=  

𝑃𝑖+1 − 𝑃𝑖

𝑇𝑖+1 − 𝑇𝑖
 (

𝑑𝑃

𝑑𝑇
)

𝑠𝑎𝑡
=  

𝑃𝑖+1 − 𝑃𝑖−1

𝑇𝑖+1 − 𝑇𝑖−1
 (

𝑑𝑃

𝑑𝑇
)

𝑠𝑎𝑡
=  

𝑃𝑖−1 − 𝑃𝑖

𝑇𝑖−1 − 𝑇𝑖
 

𝑙𝑛 (
𝑃2

𝑃1
)

𝑠𝑎𝑡

≅  
ℎ𝑓𝑔1

𝑅𝑠𝑡𝑒𝑎𝑚
(

1

𝑇1
−

1

𝑇2
) ≅  

𝑇1𝑠𝑓𝑔

𝑅𝑠𝑡𝑒𝑎𝑚
(

1

𝑇1
−

1

𝑇2
) 

𝑃 =  𝑃𝑔𝑎𝑢𝑔𝑒 +  𝑃𝑎𝑡𝑚 𝑇 (𝐾) = 𝑇 (𝐶) + 273.15 

-------------------------------------Mechanical Equivalent of Heat---------------------------------------- 

 =  𝑟 𝑔(𝑀 + 𝑝 − 𝑚) 

𝑊 =
2𝜋 𝑟 𝑁 g (𝑀 +

𝑝
1000 −

𝑚
1000)

1000
  

𝐽 =  
𝑊

𝑄
 

𝑄 =  (𝑀 𝐶 ∆𝑇)𝑑𝑟𝑢𝑚 + (𝑀 𝐶 ∆𝑇)𝑤𝑎𝑡𝑒𝑟 

----------------------------------------Single Stage Air Compressor-------------------------------------- 

𝑊̇𝑚,𝑖𝑛 =   𝑉 ∗ 𝐼 𝑊̇𝑚,𝑜𝑢𝑡 =  
𝐹 𝑁1

𝐾
 ,   𝑘 = 43.41 𝑁 =

𝑁1

3
 𝑉𝑆1

=
𝜋

4
𝑑2𝑆 

𝑊̇𝐶𝑖𝑛
=  𝜂𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 ∗ 𝑊̇𝑚,𝑜𝑢𝑡 𝑊̇𝐶,𝐼𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 𝑚̇𝑎𝑅1𝑇1𝑙𝑛 (

𝑃2

𝑃1
) 𝑊̇𝐶,𝐼𝑛𝑑 =  𝑃̅𝑚𝑉𝑆1

𝑛𝑐 (
𝑁

60
) 

𝑃̅𝑚 =
𝐷𝑖𝑎𝑔𝑟𝑎𝑚 𝐴𝑟𝑒𝑎

𝐷𝑖𝑎𝑔𝑟𝑎𝑚 𝐿𝑒𝑛𝑔𝑡ℎ
∗ 20 

𝑘𝑃𝑎
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 

𝑚𝑜𝑡𝑜𝑟
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𝑊̇𝑚,𝑜𝑢𝑡
̇

𝑊̇𝑚,𝑖𝑛

 
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙

=  
𝑊̇𝐶,𝐼𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙

𝑊̇𝐶𝐼𝑛𝑑

 
𝑣𝑜𝑙

=  
𝑚̇𝑎

𝜌𝑎𝑉𝑆1
𝑛𝑐 (

𝑁
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𝑚̇𝑎 = 0.002012 𝑑𝑜
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̇
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---------------------------------------Flow Through Nozzle--------------------------------------------- 
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--------------------------------------------Specific Heat Ratio for air--------------------------------------- 

𝑃2

𝑃1
=  (

𝑃2

𝑃3
)

𝐾
𝐾−1

 𝐾 =
𝑙𝑛 (

𝑃1
𝑃2

)

𝑙𝑛 (
𝑃1
𝑃3

)
 𝑃 =  𝛾𝐻𝑚 +  𝑃𝑎𝑡𝑚 𝑃2 =  𝑃𝑎𝑡𝑚 𝛾 = 𝜌𝑔 

----------------------------------------Air and Water Heat Pump-------------------------------------- 

Q̇cmp = ṁw × Cpw × (T6 − T5) Q̇cond = ṁw × Cpw × (T7 − T6) Q̇T = Q̇cmp + Q̇cond 

COPHP =
Q̇cond

W
 COPHP =

Q̇T

W
=  

Q̇cond + Q̇cmp

W
 COPHP =

QH

W
=

ṁr × (h2 − h3)

ṁr × (h2 − h1)
=

(h2 − h3)

(h2 − h1)
 

 

 

 

 



------------------------------------------Air Cooler and Heat Pump--------------------------------- 

𝑚̇𝑎𝑖𝑟 = 0.00105 √
𝐻𝑎𝑃𝑎

𝑇2
 (𝐶𝑂𝑃𝑅)𝑚𝑎𝑥 =  

𝑇𝐿

𝑇𝐻 −  𝑇𝐿
 𝐶𝑂𝑃 =  

𝑄̇

𝑊̇𝑖𝑛

 (𝐶𝑂𝑃𝐻𝑃)𝑚𝑎𝑥 =  
𝑇𝐻

𝑇𝐻 −  𝑇𝐿
 

𝑄̇ = 𝑚̇𝑎( ℎ𝑓𝑖𝑛𝑎𝑙 − ℎ𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ) ℎ =  ℎ𝑑𝑟𝑦_𝑎𝑖𝑟 + 𝜔ℎ𝑣𝑎𝑝𝑜𝑟 ℎ𝑑𝑟𝑦_𝑎𝑖𝑟 =  𝐶𝑃𝑎𝑖𝑟
𝑇 ℎ𝑣𝑎𝑝𝑜𝑟 =  ℎ𝑔@(𝑇) 

(𝐶𝑂𝑃𝑅)𝐸 =
𝑚̇𝑎[(ℎ1 − ℎ2) + (𝜔1ℎ𝑣1 − 𝜔2ℎ𝑣2)]

𝐸𝑐 + 𝐸𝑓
 (𝐶𝑂𝑃𝑅)𝐸 =

𝑚̇𝑎[(ℎ1 − ℎ2) + (𝜔1ℎ𝑣1 − 𝜔2ℎ𝑣2)] − 𝑚̇𝑐𝐶𝑃𝑤
𝑇𝑐

𝐸𝑐 + 𝐸𝑓
 

(𝐶𝑂𝑃𝑅)𝐼 =
𝑚̇𝑎[(ℎ1 − ℎ2) + (𝜔1ℎ𝑣1 − 𝜔2ℎ𝑣2)] − 𝐸𝑓

𝐸𝑐
 (𝐶𝑂𝑃𝑅)𝑚𝑎𝑥 =

[
(𝑇1 + 𝑇2)

2 ]

[
(𝑇3 + 𝑇4)

2  −  
(𝑇1 + 𝑇2)

2 ]
 

(𝐶𝑂𝑃𝑅)𝐼 =
𝑚̇𝑎[(ℎ1 − ℎ2) + (𝜔1ℎ𝑣1 − 𝜔2ℎ𝑣2)] − 𝑚̇𝑐𝐶𝑃𝑤

𝑇𝑐 − 𝐸𝑓

𝐸𝑐
 (𝐶𝑂𝑃𝑅)𝐼 𝑚𝑎𝑥 =  

𝑇10

𝑇6 −  𝑇10
 

(𝐶𝑂𝑃𝐻𝑃)𝑚𝑎𝑥 =
[
(𝑇1 + 𝑇2)

2 ]

[
(𝑇1 + 𝑇2)

2  −  
(𝑇3 + 𝑇4)

2 ]
 (𝐶𝑂𝑃𝐻𝑃)𝑚𝑎𝑥 =  

𝑇9

𝑇9 −  𝑇8
  

(𝐶𝑂𝑃𝐻𝑃)𝐸 =
𝑚̇𝑎[(ℎ2 − ℎ1) + (𝜔2ℎ𝑣2 − 𝜔1ℎ𝑣1)]

𝐸𝑐+𝐸𝑓
 (𝐶𝑂𝑃𝐻𝑃)𝐼 =

𝑚̇𝑎[(ℎ2 − ℎ1) + (𝜔2ℎ𝑣2 − 𝜔1ℎ𝑣1)] − 𝐸𝑓

𝐸𝑐
 

----------------------------------------Refrigeration Unit-------------------------------------- 

𝑃𝑠 = 𝑇 × 𝜔 = 𝐹 × 𝑟 ×
2𝜋 × 𝑛𝐶 × 1.98

60
 𝑃𝑓 = 𝐹𝑓 × 𝑟 ×

2𝜋 × 𝑛𝐶 × 1.98

60
 

𝑃𝑖 = 𝑃𝑠 − 𝑃𝑓 

𝑃ℎ(ℎ) = 𝑚̇𝑟 × (ℎ2 − ℎ1) 𝑄̇𝑟𝑎𝑑+𝑐𝑜𝑛𝑣 = 𝑃𝑠 − 𝑚̇𝑅 × (ℎ2 −  ℎ1) 𝑄̇ 𝑒, 1 = Obtained from digital wattmeter 

𝑄̇ 𝑒, 2 (ℎ) = 𝑚̇𝑟 × (ℎ1 − ℎ4) 𝑄̇ 𝑐, 1 = 𝑚̇𝑤 × 𝐶𝑝𝑤(𝑡6 − 𝑡5) 𝑄̇ 𝑐, 2(ℎ) = 𝑚̇𝑟 × (ℎ2 − ℎ3) 

𝐶𝑂𝑃𝑅,𝑎𝑐𝑡 =
𝑄̇𝐿

𝑊𝑐𝑜𝑚
=

𝑚̇𝑟 × (ℎ1 − ℎ1)

𝑚̇𝑟 × (ℎ2 − ℎ1)
 

  

-------------------------------------------Thermal Power Plants---------------------------------------------- 

𝑄̇𝐻 = 𝑚̇𝑠(ℎ𝑜𝑢𝑡 − ℎ𝑖𝑛) 𝐸̇𝑓 =  𝑚̇𝑓𝑄𝑐𝑣 𝐸̇𝑡ℎ =  𝑚̇𝑓𝑄𝑐𝑣𝑐
 


𝑆𝐺

=  
𝑄̇𝐻

𝐸̇𝑡ℎ

 𝑊̇𝑇 = 𝑚̇𝑠(ℎ𝑖𝑛 − ℎ𝑜𝑢𝑡) 𝑊̇𝑆ℎ𝑎𝑓𝑡 =  


𝐶𝑜𝑢𝑝𝑙𝑖𝑛𝑔

=  
𝑊̇𝑆ℎ𝑎𝑓𝑡

𝑊̇𝑛𝑒𝑡

 𝑊̇𝐸 = 𝑉 𝐼 
𝐺𝑒𝑛

=  
𝑊̇𝐸

𝑊̇𝑆ℎ𝑎𝑓𝑡

 

𝑄̇𝐿 = 𝑚̇𝑠(ℎ𝑖𝑛 − ℎ𝑜𝑢𝑡) 𝑄̇𝐶𝑊 = 𝑚̇𝐶𝑊(ℎ𝑜𝑢𝑡 − ℎ𝑖𝑛) 
𝐶𝑜𝑛𝑑

=  
𝑄̇𝐶𝑊

𝑄̇𝐿

 

𝑊̇𝑝 = 𝑚̇𝑠(ℎ𝑖𝑛 − ℎ𝑜𝑢𝑡) 𝑊̇𝑛𝑒𝑡 = 𝑊̇𝑇 − 𝑊̇𝑝 
𝑚𝑎𝑥

= 1 −  
𝑇𝐿

𝑇𝐻
 

----------------------------Revision on Air-Vapor Mixture and Psychrometry------------------------------------- 

𝐻 =  𝐻𝑎 +  𝐻𝑣 =  𝑚𝑎ℎ𝑎 +  𝑚𝑣ℎ𝑣 
𝜔 =  

𝑚𝑣

𝑚𝑎
= 0.622 

𝑃𝑣

𝑃𝑎
=  

0.622 𝑃𝑣 

𝑃 −  𝑃𝑣
  =  

𝑚𝑣

𝑚𝑔
=  

𝑃𝑣

𝑃𝑔
 

 =  
𝜔 𝑃

(0.622 +  𝜔)𝑃𝑔
 𝜔 =  

0.622 𝑃𝑔

𝑃 −   𝑃𝑔
 

ℎ =  ℎ𝑎 +  𝜔ℎ𝑔 𝑉̇ =  𝑚̇𝑎 𝑣 𝑃 =  𝑃𝑎 +  𝑃𝑣 

ℎ𝑣(𝑇, 𝐿𝑜𝑤 𝑃) ≅  ℎ𝑔(𝑇) = 2500.9 + 1.82 𝑇    𝑇 𝑖𝑠 𝑖𝑛 𝐶 𝑃𝑔 =  𝑃𝑠𝑎𝑡@𝑇 𝑇𝑑𝑝 =  𝑇𝑠𝑎𝑡@𝑃𝑣 

𝑄̇ =  𝑚̇𝑎 (∆ℎ)      for Simple Heating or Simple Cooling  𝑚̇𝑤 =  𝑚̇𝑎(𝜔𝑓 −  𝜔𝑖) 

𝑄̇ =  𝑚̇𝑎 (∆ℎ) −  𝑚̇𝑤ℎ𝑤    for cooling with Dehumidification;  

 


