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CHAPTER 6  

CONDENSER CALCULATION 

 

 

CONDENSER CALCULATION 

6.1.1 Analysis options condensers 

Condenser is used to transfer heat energy of refrigerating agent at high temperature for 

cooling substances. Go into the steam condenser is usually a bit too, so first of all it must 

be cooled to saturation temperature, and in the process of condensation, finally gets too 

cold a few degrees before out of the condenser. 

Cooling way of condensers can be divided into two groups after: 

+ Water-cooled condenser. 

+ Condenser cooling by air. 

In the works at “VIETNAMESE-GERMAN UNIVERSITY (VGU)” select the 

condenser water-cooled condensers because water-cooled condenser better cooling 

cooling by air. 

6.1.2 Condenser design calculation 

A. The initial data.  

- Cooling capacity: Q0 = 1170,82 (kW) 

- The temperature outside investigation under TCVN 5687-2010 "Design standards for 

ventilation And Air-conditioning”. 

 tN =360C 

- The water temperature in the condenser 

 tW1 = tư + (35)0C   

We choose tW1 = 320C 

We choose: tW = 50C 

- Water temperature to condenser : tW2 = 370C 

- Condensation temperature: tk = 420C 
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Condenser heat transfer surface is chosen as copper pipes alternate layout, on the floor 

with the parameters: 

- Impeller diameter                     D = 0,02 (m) 

- External diameter of the pipe     dng = 0,0181 (m) 

- The internal diameter of the pipe    dtr = 0,016 (m) 

- Step off                               Sc = 0,0018 (m) 

- Tube Steps                                 S = 0,026 (m)  

- Wing thickness                     đ = 0,0002 (m) 

- Foot wing thickness                   c = 0,0003 (m) 

 

B. Calculate: 

The other parameters of the beam pipe.  

The stand surface area of 1 m pipe wing.  

𝐹𝑑 =
𝜋(𝐷2 − 𝑑𝑛𝑔

2 )

2𝑆𝑐

 

 = 3,14 ×
(0,022 − 0,01812)

2 × 0,0018
 

 = 0,0631(𝑚2/𝑚) 

- Horizontal surface area of 1 m pipe. 

𝐹𝑛 = 𝜋 × 𝑑𝑛𝑔 × (1 −
𝛿𝑐

𝑆𝑐

) +
𝜋 × 𝐷 × 𝛿𝑑

𝑆𝑐

 

𝐹𝑛 = 3,14 × 0,0181 × (1 −
0,0003

0,0018
) +

3,14 × 0,02 × 0,0002

0,0018
 = 0,0543(𝑚2/𝑚) 

- Outside Surface area of the wing pipe 1 m 

  Fng = Fn + Fd  

        = 0,0543 + 0,0631 = 0,1174 (m2/m). 
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- Inside surface area of the wing pipe 1 m  

  Ftr = dtr = 3,14 × 0,016 = 0,05024 (m2/m) 

- The coefficient making wing  

𝛽 =
𝐹𝑛𝑔

𝐹𝑡𝑟

=
0,1174

0,05024
= 2,34 

The average temperature of condenser cooling water: 

∆𝑡 =
𝑡𝑤1 + 𝑡𝑤2

2
=

32 + 37

2
= 34,50𝐶 

The thermal properties of water in the condenser in the average temperature  

tw = 34,50C 

Look under Appendix 28 Reference [1] must be: 

At a temperature t = 300C 

  v = 0,805.10-6 (m2/s) 

   = 995,7 (kg/m3)  

  Pr = 5,42 

  Cw = 4,174 (kJ/kgK) 

                         = 0,617 (W/mK) 

At a temperature t = 400C 

  v = 0,659.10-6 (m2/s) 

   = 992,2 (kg/m3)  

  Pr = 4,31 

  Cw = 4,174 (kJ/kg) 

   = 0,6338 (W/mK) 

Using interpolation method is: 

               At a temperature t = 34,50C 

  v = 0,7393.10-6 (m2/s) 

   = 994,125 (kg/m3)  

  Pr = 4,92 

  Cw = 4,174 (kJ/kg) 

   = 0,6245 (W/mK) 

Thermal properties of R134a in the heat exchange condensing  
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                         tk = 420C 

               = 0.925.10-6(m2/s) 

               = 1154,9(kg/m3)  

               = 0,0759(W/mK) 

Load condenser temperature: 

𝑄𝑘 =
𝑄0

𝑞0

. 𝛥ℎ =
1170,82

151,45
. 176,07 = 1361,15(𝑘𝑊) 

Cooling water passes through a condenser   

𝐺𝑤 =
𝑄𝑘

𝐶𝑤 . 𝛥𝑡
=

1361,15

4,174𝑥5
= 65,23(𝑘𝑔/𝑠) 

To calculate the heat transfer to the country choose the rate of water movement in the 

tube is  = 2(m/s) 

𝑛1 =
4.G𝑤

𝜋. 𝜌.dtr
2 . 𝜔

 

𝑛1 =
4x65,23

3.14𝑥994,125x0,0162𝑥2
= 163 

The pipe in a water line is 163 

Water velocity reassessed according to n1 = 163 

We have: 

𝜔 =
4.G𝑤

𝜋. 𝜌.dtr
2 . 𝑛1

=
4𝑥65,23

3,14.994,125. 0,0162. 163
= 2 𝑚/𝑠 

Reynold coefficient:  

Re =
𝜔. 𝑑tr

𝑣
 

Re =
2.0,016

0,7393.10−6
= 43284,18 

From these results we have Re = 43284,18 > 10000 deduce this is the turbulent regime.  

Nusselt coefficient: 

  Nu = 0,021. Re0.8. Pr0.43.1 

        = 0,021. 43284,180.8 . 4,920.43 . 1 = 213,22 

Exothermic coefficient in the water: 

𝛼𝑤 =
𝑁𝑢. 𝜆

𝑑tr

=
213,22.0,6245

0,016
= 8322,24 
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The average temperature difference of the logarithm 

𝜃𝑚 =
𝑡𝑊2 − 𝑡𝑊1

𝑙𝑛
𝑡𝑘 − 𝑡𝑊1

𝑡𝑘 − 𝑡𝑊2

 

𝜃𝑚 =
37 − 32

𝑙𝑛
42 − 32
42 − 37

= 7,21 

The equation defines the density of heat flow to the water  

  𝑞𝑊 =
𝜃𝑚−𝜃𝑎

1

𝛼𝑊
+𝛴

𝛿𝑖
𝜆𝑖

 

∑
𝛿𝑖

𝜆𝑖
: thermal impedance of the layer residue and duct wall. According Reference [1] 

pages 257, duct wall materials is brass we choose 

 ∑
𝛿𝑖

𝜆𝑖
 = 0,2.10-3(m2K/W) 

𝑞𝑤 =
7,21 − 𝜃𝑎

1
8322,24

+ 0,2.10−3
= 3123,43. (7,21 − 𝜃𝑎) 

To be able to determine the density of heat flow qtr, the preliminary selection trick 

textures of condensers: 

Preliminary we can choose: a = 0.3m 

We have : 

  qtr
’ = 3123,43.(7,21 – 0,3 × 7,21) 

       = 15763,95 (W/m2) 

Tubes are arranged on the floor according the edges of the hexagons and on the top of the 

triangle. So the number of pipes, arranged diagonally along the hexagon of the m can be 

determined according to the formula: 

According to reference [2] pages 161 we have  

  𝑚 = 0.75√
𝑄𝑘

𝑞𝑡𝑟
, .𝑠.𝑑𝑡𝑟.𝑘

3
 

In which: 

 S: Tube steps 

 D: Diameter of impeller  

 D = 0,02 (m) 

 S = 1,3. D = 1,3.0,02 = 0,026 (m) 
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We choose: k = l/d = 8 

We deduce:   

𝑚 = 0,75. √
1361,15. 103

15763,95.0,026.0,016.8

3

= 22,2 

From the results we choose: m = 22 

So the vertical tube caves are: nz = m = 22 

Exothermic condensation of R134a in the surface of the tube is determined by the 

following formula: 

                             𝛼𝑎 = 0,72. √
𝛥ℎ.𝜌.𝜆3.𝑔

𝜈.𝑑𝑛𝑔

4
. (

𝑛𝑍

2
)

−0,167

. 𝛽. 𝜃𝑎
−0,25. 𝜓𝑐 

In which: 

h = qk = 176,07 (kJ/kg) 

c: the coefficient taking into account other conditions when it condenses on the pipe 

with wings. 

𝜓𝑐 = 1,3
𝐹𝑑

𝐹𝑛𝑔

. 𝐸0,75 (
𝑑𝑛𝑔

ℎ′
)

0,25

+
𝐹𝑛

𝐹𝑛𝑔

 

which: 

E: the performance of the wing (E=1, copper pipes with wings) 

h’: the height of the Convention of the wing  

ℎ′ =
𝜋

4
. (

𝐷2 − 𝑑𝑛𝑔
2

𝐷
) 

ℎ′ =
3,14

4
. (

0,022 − 0,0182

0,02
) = 0,00298(𝑚) 

We deduce: 

𝜓𝑐 = 1,3.
0,0631

0,1174
. 10,75. (

0,018

0,00298
)

0,25

+
0,0543

0,1174
= 1,557 

 

The density of heat flow in the R134a  

𝛼𝑎 = 0,72. √
176,07. 103. 1154,9. 0,07593. 9,81

0,925. 10−6. 0,0181

4

. (
21

2
)

−0,167

. 2,34.1,557. a −0,25 

𝛼𝑎 = 4758,82. a −0,25 
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We have : 

  qa = a.a 

          = 4758,82. a −0,25.a = 4758,82.a
0,75 

We have the equation to determine the qtr : 

{
𝑞𝑤 = 3123,43. (7,21 − 𝜃𝑎)

𝑞𝑎 = 4758,82. a 0,75          
 

Solve the equation by iteration method 

𝑞𝑡𝑟 =
(𝑥 − 1)𝑞𝑡𝑟

′𝑥 + 𝜃𝑚𝐵𝑥

𝑥𝑞𝑡𝑟
𝑥−1 +

𝐵𝑥

𝐴

 

In which: x =1/k=1/0,75=1,333 

 A = 3123,43; B = 4758,82 

 m = 7,21; qtr
’ = 15763,95  (W/m2) 

 

We deduce: 

𝑞𝑡𝑟1 =
(1,333 − 1). 15763,951,333 + 7,21. 4758,821,333

1,333. 15763,950,333 +
4758,821,333

3123,43

= 12004,13 (𝑊/𝑚2) 

𝑞𝑡𝑟2 =
(1,333 − 1). 12004,131,333 + 7,21. 4758,821,333

1,333. 12004,130,333 +
4758,821,333

3123,43

= 11910,01 (𝑊/𝑚2) 

Relative errors: 

𝛿𝑞 =
𝑞𝑡𝑟1 − 𝑞𝑡𝑟2

𝑞𝑡𝑟2

=
12004,13 − 11910,01

11910,01
= 0,0079% 

Error 0,0079% so we have qtr = 11910,01 (W/m2). 

The surface area of heat transfer pipe:  

𝐹𝑡𝑟 =
𝑄𝑘

𝑞𝑡𝑟

 

𝐹𝑡𝑟 =
1361,15𝑥103

11910.01
= 114,27 𝑚2 

The total length of the pipe in condenser: 

𝐿 =
𝐹𝑡𝑟

𝜋. 𝑑𝑡𝑟
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𝐿 =
114,27

3,14.0,016
= 2274,48 

Preliminary have been calculated and choose m = 22 so the total number is pipes: 

  n = 0,75. (m2 – 1) + 1 

      = 0,75. (222 – 1) +1 = 363 (pipes)  

Of the water in the condenser: 

𝑍 =
𝑛

𝑛1

=
363

163
= 2.2 

Choose Z = 2 (Choose Z = 2, k value = 8.86 does not meet the requirements) 

When it: 

  n = Z. n1 

     = 2.163 = 326 

m = √
n−1

0.75
  + 1 = √

326−1

0.75
  + 1 = 21,82 

So we can re-choose m, we must chose m = 22 

We have: n = 0.75 × (m2- 1) + 1= 0.75 × (222-1) +1 = 363(pipe)  

To use the condenser capacitor, we must retrench 5 row bottom pipes. 

The pipe is removed: 

𝑛′ = 𝑖.
𝑚 + 1

2
+ ∑ 𝑛𝑖

𝑛=𝑖−1

𝑛=1

 

𝑛′ = 5.
22 + 1

2
+ 1 + 2 + 3 + 4 = 68 

With: i is the number of rows the pipe removed. 

So the number of rows the pipe remaining: n” = n – n’ = 363 – 68 = 295 (pipes) 

So missing 31 pipes anymore is enough tube 326 will arrange them in a above condenser.  

The length of the tube  

𝑙 =
𝐿

𝑛
 

𝑙 =
2274,48

326
= 6,98 

Tube step: 

  S = 1,3. D = 1,3.0,02 = 0,026 (m) 

Sieve diameter: 
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  D = m.S = 42 . 0,026 = 1.092(m). 

The ratio: 

𝐾 =
𝑙

𝐷
=

6,98

1.092
= 6,4 

I have according Reference [2] page 158, k = 6,4 range allows (48) 

6.1.3 Hydrodynamic condenser calculation: 

In addition to calculating the average evaporation heat transfer, it is also the resistance of 

the water when cold through condenser. According to formula 9.25 pages 353 Reference 

[2]:  

Hindrance to the water through the condenser:  

ΔP= (𝜆
𝐿

𝑑tr

+ 𝜉𝑣 + 1 +
𝜉𝑣 + 1

𝑧
) .

𝜔2.ρ

2
.z 

In which:  

v - coefficient of local resistance when water in tube:   v = 0,5. 

L - length of average between the two manifestations:  L = 4,5 m 

dtr - diameter of pipe:                dtr = 0,016 m 

z - number of lines water in equipment:    z = 2 

 - the velocity of water flow in pipes:    = 2 m/s 

 - the density of cold water:      = 994,125 kg/m3 

 - coefficient of friction. 

Because the water in the tube in a turbulent state, so for copper pipe friction coefficient is 

calculated as follows:  

 =
0,3164

𝑅𝑒0,25 =
0,3164

43284,180,25 =0,022    [2] 

So pressure drop water through the condenser:  

𝛥𝑃 = (0,022.
4,5

0,016
+ 0,5 + 1 +

0,5 + 1

4
) .

22. 994,125

2
. 4 = 64121,06 𝑃𝑎 

 

6.1.4 Strength condenser calculation: 

A. Strength case condenser calculation: 
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Evaporator in the air conditioning system is the low pressures side pressure device. 

Therefore, we have to calculate reliable equipment to ensure the safety of the device 

when operating … 

Due to the structure of the average evaporation cylindrical geometry, so under pressure. 

The thickness of the cylindrical body S is chosen to satisfy the following conditions: 

(Formula 10.1page 364 Reference [3]) 

𝑆 ≥
𝑃𝑅 . Dtr

2 . [𝜎] . 𝜙𝑑 − 𝑃𝑅

+ 𝐶 

In which:  

𝑃𝑅  - Calculation of the pressure equipment, MPa. According to table 10.1 pages 360 

Reference [3] was chosen: 𝑃𝑅 = 12 bar = 1,2 MPa.. 

[𝜎] - Allowing stress of metal fabrication body average, MPa. According to table 10.2 

pages 361 Reference [3], choose body building materials per evaporation is steel CCT38, 

with the calculation of the wall temperature is: 𝑡 = 420𝐶 we have: [𝜎] = 138,35 MPa  

𝐷𝑡𝑟 - Diameter of the body evaporation comment: 𝐷𝑡𝑟 = 754 𝑚𝑚 

𝜙𝑑 -  Vertical weld strength coefficient,  𝜙𝑑 = 0,9 (Reference [3], pages 364, table 10-3) 

C - Additional thickness, mm 

𝐶 = 𝐶1 + 𝐶2 + 𝐶3 

C1 - The additional thickness to compensate for corrosion when exposed to 

hazardous substances:  𝐶1 = 0,001   m 

C2 - additional thickness to compensate for the negative thickness tolerance:  

𝐶2 = 0,001   m 

C3 - the additional thickness due to the relative thickness of Votes thinning during 

pulling, stamping, bending, etc…:  𝐶3 = 0,001   m 

So:  𝑆 ≥
1,2 . 0,754

2 . 138,35 . 0,9−1,2
+  0,003 = 0,0066 m 

Choose the standard TEMA: 𝑆 = 0,0095 𝑚 = 9,5 𝑚𝑚  (Table CB 3.13, pages 5.3-1 

Reference [4]). 

Condenser has the following dimensions:   

 𝐷𝑡𝑟 = 0,754 𝑚 

 𝐷𝑛𝑔 = 𝐷𝑡𝑟 + 2. 𝑆 = 0,754 + 2 . 0,0095 = 0,773 𝑚 

B. Calculate the thickness of floating tube sheet: 
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In the condenser the ground is soldered to the cylindrical body of the condenser. The 

copper tube is tight on the floor, so that the thickness of the floor to ensure tight tube and 

must meet the following conditions: 

𝑆𝑚 ≥ 0,5 . D𝐸√
| P𝑜 − 𝑃𝑅|

[ σ]
+ 𝐶 

In which:  

𝑃𝑅 -  Calculate the pressure outside the tube, is the calculation of the pressure equipment. 

According to table 10.1 pages 360 Reference [3] was chosen: 𝑃𝑅 = 12 bar = 1,2 MPa. 

𝑃𝑜 - Calculate the pressure inside the pipe:   𝑃𝑜 = 1,5  bar  =0,15  MPa 

[𝜎] - Allowing stress of metal fabrication place, MPa. According to the table 10.2 

pages 367 Reference [3], choose body building materials per evaporation is steel CCT38, 

with the calculation of the wall temperature is: 𝑡 = 420𝐶 we have: [𝜎] = 138,35 MPa. 

𝐷𝐸 - The diameter of the circle can accommodate the largest in the area do not have the 

tube on the floor: 𝐷𝐸 = 104,15 mm 

C - Additional section thickness: 𝐶 = 0,003   m 

So: 𝑆𝑚 ≥ 0,5 . D𝐸√
| P𝑜−𝑃𝑅|

[ σ]
+ 𝐶 = 0,5.0,10415.√

| 0,15−1,2|

138,35
+ 0,003 = 0,0075  m 

We choose the thickness of floating tube sheet:  𝑆𝑚 = 0,0075 m = 7,5 mm 

C. Strength for the lid calculation: 

With condenser cylindrical geometry, we use a curved lid can be removed to open the 

assembly with two top flange cylindrical body. I choose the bottom of the device is 

curved circular curved bottom edge boards (Figure 10-4 c, pages 370 Reference [3]). 

Round cap thickness is determined as follows: (Formula pages 370 Reference [3]) 

𝑆𝑛 ≥
 P𝑅 .  R

2  .  𝜙𝑑 .  [𝜎] − 0,5 . P𝑅

+ 𝐶 

In which:   

R - radius of the curved lid, m. 

𝑅 = 𝐷tr = 0,754 m 

𝐻tr = 0,25 . Dtr = 0,25 . 0,754 = 0,1885 m - The height of the inside of the lid. 

𝜙𝑑 -  Weld strength coefficient along,  𝜙𝑑 = 0,9   

 𝑃𝑅 - Calculation of pressure equipment: 𝑃𝑅 = 1,2 MPa 
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[𝜎] - Allowing stress of metal fabricated cap:  

[𝜎] = 138,35MPa. 

C - Additional thickness:   𝐶 = 0,003   m 

So: 𝑆𝑛 ≥
   1,2 . 0,754

2 . 0,9 . 138,35 − 0,5 . 1,2
+ 0,003 = 0,0066 m 

We choose the thickness of the lid: 𝑆𝑛 = 0,007 m = 7 mm 

6.2 CONDENSER OPTIONS 

 

 

 

 

 

 


