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▪ 

𝑇1 = 𝑇2 = 𝑇𝐻

𝑝1 ∙ 𝑉1 = 𝑝2 ∙ 𝑉2

▪ 

𝑝2 ∙ 𝑉2
𝜅 = 𝑝3 ∙ 𝑉3

𝜅

𝑑𝑄 = 0, 𝑑𝑆 = 0

▪ 

𝑇3 = 𝑇4 = 𝑇𝐶

𝑝3 ∙ 𝑉3 = 𝑝4 ∙ 𝑉4

▪ 

𝑝4 ∙ 𝑉4
𝜅 = 𝑝1 ∙ 𝑉1

𝜅

𝑑𝑄 = 0, 𝑑𝑆 = 0

 



 

𝜂𝑡,𝐶 =
𝑎

𝑞𝐻
=

𝑞𝐻 − 𝑞𝑐

𝑞𝐻
= 1 −

𝑞𝑐

𝑞𝐻
= 1 −

𝑇𝑐

𝑇𝐻

𝜂𝑡,𝑃 =
𝜂𝑡

𝜂𝑡,𝐶

 

 



𝑝1 ∙ 𝑉1
𝜅 = 𝑝2 ∙ 𝑉2

𝜅

𝑝2 = 𝑝3

𝑉2

𝑇2
=

𝑉3

𝑇3

𝑝3 = 𝑝4

𝑉3

𝑇3
=

𝑉4

𝑇4

𝑝4 ∙ 𝑉4
𝜅 = 𝑝5 ∙ 𝑉5

𝜅

𝑝5 = 𝑝6

𝑉5

𝑇5
=

𝑉6

𝑇6

𝑝6 ∙ 𝑉6
𝜅 = 𝑝7 ∙ 𝑉7

𝜅

𝑇7 = 𝑇1

𝑝7 ∙ 𝑉7 = 𝑝1 ∙ 𝑉1

 

𝜂𝑇 =
𝑎

𝑞𝐻
=

𝑎4−5 + 𝑎6−7

𝑞4−2 + 𝑞6−5



 



 

 

▪ 

 

▪ 

 

▪ 

 

 

 

 



 

 



 

 



 

 

 



 

 



 

 

 

 

 

 



 

 



 

 



 

 

 

∅16𝑥1

𝜆𝑇𝑅 = 15 𝑊/𝑚𝐾

ℎ𝑝𝑂𝑈𝑇 = 243,59 𝑘𝐽/𝑘𝑔

𝑡𝑝𝑂𝑈𝑇 = 58,193 °𝐶

𝑚𝑝ሶ = 5,5181 𝑘𝑔/𝑠

ℎ𝑝𝐼𝑁 = 2643,4 𝑘𝐽/𝑘𝑔

𝑝𝑝𝐼𝑁 = 0,38398 𝑏𝑎𝑟

𝑡𝑝𝐼𝑁 = 79,383 °𝐶

𝑚𝑘ሶ = 133,86 𝑘𝑔/𝑠

𝑡𝑘𝐼𝑁 = 48,246 °𝐶

𝑝𝑘𝐼𝑁 = 26 𝑏𝑎𝑟

ℎ𝑘𝐼𝑁 = 203,02 𝑘𝐽/𝑘𝑔

𝑡𝑘𝑂𝑈𝑇 = 71,897 °𝐶

ℎ𝑘𝑂𝑈𝑇 = 301,95 𝑘𝐽/𝑘𝑔



 

 

𝑄𝑝
ሶ = 𝑚𝑝ሶ ∙ (ℎ𝑝𝐼𝑁 − ℎ𝑝𝑂𝑈𝑇) = 5,5181 ∙ (2643,4 − 243,59) = 13 242,39 𝑘𝑊

𝑄𝑘
ሶ = 𝑚𝑘ሶ ∙ (ℎ𝑘𝑂𝑈𝑇−ℎ𝑘𝐼𝑁) = 133,86 ∙ (301,95 − 203,02) = 13 242,0 𝑘𝑊

𝑄𝑝
ሶ ≥ 𝑄𝑘

ሶ

𝜂 =
𝑄𝑘ሶ

𝑄𝑝ሶ
=

13 242,0

13 242,39
= 0,99997

𝑄𝑝
ሶ = 𝑄𝑘

ሶ = 𝑘𝐿 ∙ 𝐿 ∙ ∆𝑡𝐿𝑁

∆𝑡𝐿𝑁

∆𝑡1 = 𝑡𝑝𝐼𝑁 − 𝑡𝑘𝑂𝑈𝑇 = 79,383 − 71,897 = 7,486 °𝐶

∆𝑡2 = 𝑡𝑝𝑂𝑈𝑇 − 𝑡𝑘𝐼𝑁 = 58,193 − 48,246 = 9,947 °𝐶

∆𝑡𝐿𝑁 =
∆𝑡2 − ∆𝑡1

𝑙𝑛
∆𝑡2
∆𝑡1

=
9,947 − 7,486

𝑙𝑛
9,947
7,486

= 8,658 °𝐶

𝑡𝑘𝑂𝑈𝑇

𝑡𝑝𝐼𝑁

𝑡𝑝𝑂𝑈𝑇

𝑡𝑘𝐼𝑁



𝑘𝐿

𝑘𝐿 =
𝜋

1
𝛼𝐶 ∙ 𝑑1

+
1

𝜆𝑇𝑅
∙ 𝑙𝑛

𝑑2
𝑑1

+
1

𝛼𝐻 ∙ 𝑑2

𝛼𝐶  

𝛼𝐻

𝛼𝐶

𝑡𝑘 =
𝑡𝑘𝑂𝑈𝑇 + 𝑡𝑘𝐼𝑁

2
=

71,897 + 48,246

2
= 60,072 °𝐶

𝜌𝑘 = 983,2 𝑘𝑔/𝑚3

𝜆𝑘 = 0,658 𝑊/𝑚 ∙ 𝐾

𝜈𝑘 = 0,478 × 10−6 𝑚2/𝑠

𝜇𝑘 = 0,470 × 10−3 𝑃𝑎 ∙ 𝑠

𝑃𝑟 = 3,01

 

𝜶𝑪

𝜶𝑯

𝝀𝑻𝑹

∅
𝑑

1

∅
𝑑

2



α

➢ 

𝑁𝑢 =
𝛼𝐶∙𝑙

𝜆𝑘

𝑙

𝑙 =
4 ∙ 𝑆𝑜

𝑜
=

4 ∙
𝜋𝑑1

2

4
𝜋 ∙ 𝑑1

= 𝑑1

𝑑1 = 16 − 2 ∙ 1 = 14 𝑚𝑚 = 14 × 10−3 𝑚

➢ 

𝑅𝑒 =
𝑣 ∙ 𝑑1

𝜐

𝑚ሶ = 𝑆 ∙ 𝑣 ∙ 𝜌 ∙ 𝑛 𝑣 =
𝑚ሶ

𝑆∙𝜌∙𝑛 

𝑆𝑜 =
𝜋∙𝑑1

2

4
=

𝜋∙(14𝑥10−3)2

4
= 1,539 × 10−4 𝑚2 

𝜌 = 𝜌𝑘 = 983,12 𝑘𝑔/𝑚3

𝑚ሶ = 𝑚𝑘ሶ = 133,86 𝑘𝑔/𝑠

𝑛 = 914

𝑣 =
𝑚ሶ

𝑆 ∙ 𝜌 ∙ 𝑛 
=

133,86 

1,539𝑥10−4 ∙ 983,12 ∙ 914
= 0,9680 𝑚 ∙ 𝑠−1

𝑅𝑒 =
𝑣 ∙ 𝑑1

𝜐𝑘
=

0,9680 ∙ 14 × 10−3

0,478 × 10−6
= 28,35 × 103

104

➢ 0,7 ≤ 𝑃𝑟 ≤ 160; 𝑅𝑒 > 103

𝑁𝑢 = 0,023 ∙ 𝑅𝑒0,8 ∙ 𝑃𝑟0,4 = 0,023 ∙ (28,35 × 103)0,8 ∙ 3,010,4 = 130,38



𝛼𝐶

𝑁𝑢 =
 𝛼𝐶 ∙ 𝑑1

𝜆𝑘

→ 𝛼𝐶 =
𝑁𝑢∙𝜆𝑘

𝑑1
=

130,38∙0,658

14×10−3 = 6127,86 𝑊/𝑚2𝐾

𝛼𝐻

ℎ𝑓𝑔

𝑡𝑓

αH

𝑡𝑝 =
𝑡𝑝𝐼𝑁 + 𝑡𝑝𝑂𝑈𝑇

2
=

79,383 + 58,193

2
= 68,788 °𝐶

ℎ𝑓𝑔 = 2336,13 𝑘𝐽/𝑘𝑔

𝜌𝑣 = 0,240 𝑘𝑔/𝑚3

𝜌𝑙 = 975,41 𝑘𝑔/𝑚3 

𝑡𝑠𝑎𝑡 = 73,747 °𝐶

𝑡𝑓 =
𝑡𝑠𝑎𝑡+𝑡𝑝

2
=

73,747+68,788

2
= 71,268 °𝐶

𝜇𝑙 = 398,223 × 10−6 𝑃𝑎 ∙ 𝑠

𝑐𝑝𝑙 = 1,880 𝑘𝐽/𝑘𝑔 ∙ 𝐾

𝜆𝑙 = 0,66397 𝑊/𝑚 ∙ °𝐶

ℎ𝑓𝑔
∗ = ℎ𝑓𝑔 + 0,68 ∙ 𝑐𝑝𝑙 ∙ (𝑡𝑠𝑎𝑡 − 𝑡𝑝) =

= 2336,13 × 103 + 0,68 ∙ 1,880 × 103 ∙ (73,747 − 68,788) =

= 2342469,59 𝐽/𝑘𝑔

𝛼𝐻

𝛼𝐻 = 0,729 ∙ [
𝑔 ∙ 𝜌𝑙 ∙ (𝜌𝑙 − 𝜌𝑣) ∙ ℎ𝑓𝑔

∗ ∙ 𝜆𝑙
3

𝜇𝑙 ∙ (𝑡𝑠𝑎𝑡 − 𝑡𝑠) ∙ 𝑑2
]

1
4

=

= 0,729 ∙ [
9,81 ∙ 975,41 ∙ (975,41 − 0,240) ∙ 2342469,59 ∙ 0,663973

398,223 × 10−6 ∙ (73,747 − 68,788) ∙ 16 × 10−3
]

1
4

=

= 15464,27 𝑊/𝑚2 ∙ °𝐶 



 

𝑘𝐿

𝑘𝐿 =
𝜋

1
𝛼𝐶 ∙ 𝑑1

+
1

𝜆𝑇𝑅
∙ 𝑙𝑛

𝑑2
𝑑1

+
1

𝛼𝐻 ∙ 𝑑2

=

=
𝜋

1
6127,86 ∙ 14 × 10−3 +

1
15

∙ 𝑙𝑛
16 × 10−3

14 × 10−3 +
1

15464,27 ∙ 16 × 10−3

=

= 127,71 𝑊/𝑚 ∙ 𝐾

 

𝑄𝑝
ሶ = 𝑄𝑘

ሶ = 𝑘𝐿 ∙ 𝐿 ∙ ∆𝑡𝐿𝑁

𝐿 =
𝑄𝑘

ሶ

𝑘𝐿 ∙ ∆𝑡𝐿𝑁
=

13242,0 × 103

127,71 ∙ 8,658
= 11976 𝑚

𝐿𝑇𝑅 =
𝐿

𝑛
=

11976

914
= 13,10 𝑚

 

 



 



 

https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/carnot-cycle-carnot-heat-engine/
https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/carnot-cycle-carnot-heat-engine/
https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/carnot-cycle-carnot-heat-engine/
https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/rankine-cycle-steam-turbine-cycle/
https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/rankine-cycle-steam-turbine-cycle/
https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/rankine-cycle-steam-turbine-cycle/
https://www.alfalaval.fi/tiivisteelliset-levylammonvaihtimet/tyokalut/levylammonvaihtimen-toiminta/
https://www.alfalaval.fi/tiivisteelliset-levylammonvaihtimet/tyokalut/levylammonvaihtimen-toiminta/
https://www.viesel.de/en/heat-exchanger/straight-tube-bundle
https://www.viesel.de/en/heat-exchanger/u-tube-bundle
https://aqualogicinc.com/learn-how-a-heat-exchanger-works/
http://www.osaka-kokan.co.jp/eng/product/heatexchanger/inner-fin/
https://www.powermag.com/air-preheater-seal-upgrades-renew-plant-efficiency/
https://mattech.cz/produkty/chladice-pary-267/


 

𝒂 𝐽 ∙ 𝑘𝑔−1

𝒄𝒑𝒍 𝐽 ∙ 𝑘𝑔−1 ∙ 𝐾−1

𝒅𝟏 𝑚

𝒅𝟐 𝑚

𝒉𝒇𝒈 𝑘𝐽 ∙ 𝑘𝑔−1

𝒉𝒇𝒈
∗

𝐽 ∙ 𝑘𝑔−1

𝒉𝒌𝑰𝑵 𝐽 ∙ 𝑚−3

𝒉𝒌𝑶𝑼𝑻 𝐽 ∙ 𝑚−3

𝒉𝒑𝑰𝑵 𝐽 ∙ 𝑚−3

𝒉𝒑𝑶𝑼𝑻 𝐽 ∙ 𝑚−3

𝒌𝑳 𝑊 ∙ 𝑚−1 ∙ 𝐾−1

𝑳 𝑚

𝒍 𝑚

𝒎ሶ 𝑘𝑔 ∙ 𝑚−2 ∙ 𝑠−1

𝒎ሶ 𝒌 𝑘𝑔 ∙ 𝑚−2 ∙ 𝑠−1

𝒎ሶ 𝒑 𝑘𝑔 ∙ 𝑚−2 ∙ 𝑠−1

𝒏

𝑵𝒖

𝒐 𝑚

𝒑 𝑃𝑎

𝒑𝒌𝑰𝑵 𝑃𝑎

𝒑𝒑𝑰𝑵 𝑃𝑎

𝑷𝒓

𝑸 𝐽

𝑸ሶ
𝒌 𝑊

𝑸ሶ
𝒑 𝑊

𝒒 𝐽 ∙ 𝑘𝑔−1

𝒒𝑪 𝐽 ∙ 𝑘𝑔−1

𝒒𝑯 𝐽 ∙ 𝑘𝑔−1

𝑹𝒆



𝑺 𝐽 ∙ 𝐾−1

𝑺𝒐 𝑚2

𝑻 𝐾

𝑻𝑪 𝐾

𝑻𝑯 𝐾

𝒕𝒇 °𝐶

𝒕𝒌 °𝐶

𝒕𝒌𝑰𝑵 °𝐶

𝒕𝒌𝑶𝑼𝑻 °𝐶

𝒕𝒑 °𝐶

𝒕𝒑𝑰𝑵 °𝐶

𝒕𝒑𝑶𝑼𝑻 °𝐶

𝒕𝒔𝒂𝒕 °𝐶

𝑽 𝑚3

𝒗 𝑚 ∙ 𝑠−1

𝚫𝒕𝑳𝑵 °𝐶

𝜶𝑪 𝑊 ∙ 𝑚−2 ∙ 𝐾−1

𝜶𝑯 𝑊 ∙ 𝑚−2 ∙ 𝐾−1

𝜼𝒕

𝜼𝒕,𝑪

𝜼𝒕,𝑷

𝜿

𝝀𝒌 𝑊 ∙ 𝑚−1 ∙ 𝐾−1

𝝀𝒍 𝑊 ∙ 𝑚−1 ∙ 𝐾−1

𝝀𝑻𝑹 𝑊 ∙ 𝑚−1 ∙ 𝐾−1

𝝁𝒌 𝑃𝑎 ∙ 𝑠

𝝁𝒍 𝑃𝑎 ∙ 𝑠

𝝂𝒌 𝑚2 ∙ 𝑠−1

𝝆 𝑘𝑔 ∙ 𝑚−3

𝝆𝒌 𝑘𝑔 ∙ 𝑚−3

𝝆𝒍 𝑘𝑔 ∙ 𝑚−3

𝝆𝒗 𝑘𝑔 ∙ 𝑚−3


