
LESSON-30 

SOLVED EXAMPLES ON HEAT EXCHANGERS 

 

Ex 30.1 In a double pipe heat exchanger, oil is heated from -22 oC to -5 oC by water 

which enters and leaves the heat exchanger at 30 oC and 15 oC respectively. 

Flow rate of water through the heat exchanger is maintained at 7 kg/minute. 

Determine the heat exchanger area for parallel and counter flow 

arrangements if overall heat transfer coefficient is 860 W/ (m2-K). Use 

LMTD method. 

Solution:       Given:  Inlet temperature of cold fluid (oil), Tci= -22 oC 

                       Outlet temperature of cold fluid (oil), Tco= -5 oC 

                       Inlet temperature of hot fluid (water), Thi= 30 oC 

                       Outlet temperature of hot fluid (water), Tho= 15 oC 

                       Specific heat of hot fluid, Cph= 4.186 kJ/(kg-K) = 4186 J/ (kg-K)  

                       Mass flow rate of hot fluid, mh = 7 kg/minute = 7/60 = 0.1166 kg/sec 

                       Overall heat transfer coefficient, U = 860 W/(m2-deg) 

 

To determine: i) Heat exchanger area for parallel flow 

                        ii) Heat exchanger area for counter flow 

 From energy balance considerations, heat transfer rate in heat exchanger is   

                            Q = Heat lost by water (hot fluid) to oil (cold fluid) 

                             Q = m Cph ( Thi –Tho) 

                                 Q =  0.1166 Χ 4186 Χ (30-15) = 7321.31 J/sec 

       Q = UA(ΔT)m 

          A = Q / ( U(ΔT)m) 

(ΔT)m is logrithmic mean temperature difference 

 

i) For Parallel flow arrangement 

 

     (ΔT)m for parallel flow arrangement is expressed as 
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For parallel flow arrangement; 

              θi = Thi –Tci = 30 – (-22) = 52 oC  

              θi = Tho –Tco = 15- (-5) = 20 oC 



𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, ∆𝑻𝒎 =  (𝜽𝒊 − 𝜽𝒐) 𝒍𝒐𝒈𝒆  (𝜽𝒊𝜽𝒐) =   (𝟓𝟐 − 𝟐𝟎) 𝒍𝒐𝒈𝒆  (𝟓𝟐𝟐𝟎) =  𝟑𝟐 𝒍𝒐𝒈𝒆 (𝟐. 𝟔) = 𝟑𝟑. 𝟒𝟖     
𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, 𝑨 =  𝑸𝑼 × ∆𝑻𝒎 =  𝟕𝟑𝟐𝟏. 𝟓𝟖𝟔𝟎 × 𝟑𝟑. 𝟒𝟖 = 𝟎. 𝟐𝟓𝟒 𝒎𝟐 

 

ii) For counter flow arrangement 

 (ΔT)m for counter flow arrangement is expressed as 
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For counter flow arrangement; 

              θi = Thi –Tco = 30 – (-5) = 35 oC  

              θi = Tho –Tci = 15- (-22) = 37 oC 𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, ∆𝑻𝒎 =  (𝜽𝒊 − 𝜽𝒐) 𝒍𝒐𝒈𝒆  (𝜽𝒊𝜽𝒐) =   (𝟑𝟓 − 𝟑𝟕) 𝒍𝒐𝒈𝒆  (𝟑𝟓𝟑𝟕) =  (−𝟐 )𝒍𝒐𝒈𝒆 (𝟎. 𝟗𝟒𝟓𝟗)= 𝟑𝟓. 𝟗𝟗     𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, 𝑨 =  𝑸𝑼 × ∆𝑻𝒎 =  𝟕𝟑𝟐𝟏. 𝟓𝟖𝟔𝟎 × 𝟑𝟓. 𝟗𝟗 = 𝟎. 𝟐𝟑𝟔 𝒎𝟐 

 

Ex 30.2 Determine heat exchanger area for parallel and counter flow arrangements 

of a heat exchanger in which hot fluid is cooled from 350 oC to 175 o C by 

water enetering heat exchanger at 5 oC. Mass flow rate of hot fluid and water 

are 1000 kg/hr and 1250 k/hr respectively. Specific heat of hot fluid and 

water are 1.12 kJ/( kg-deg) and 4.186 kJ/( kg-deg) respectively.  Overall heat 

transfer coefficient for both the arrangements of heat exchanger is 860 

W/(m2-K). Use LMTD method. 

Solution:       Given:  Inlet temperature of cold fluid (water), Tci= 5 oC 

                       Specific heat of cold fluid, Cpc= 4.186 kJ/(kg-K) = 4186 J/ (kg-K)  

                       Mass flow rate of cold fluid, mc = 1250 kg/hr = 1250/3600 = 0.3472 kg/sec 

                       Inlet temperature of hot fluid, Thi= 350 oC 

                       Outlet temperature of hot fluid, Tho= 175 oC 

                       Specific heat of hot fluid, Cph= 1.12 kJ/(kg-K) = 1120 J/ (kg-K)  

                       Mass flow rate of hot fluid, mh = 1000 kg/hr = 1000/3600 = 0.277 kg/sec 

                       Overall heat transfer coefficient, U = 860 W/(m2-deg) 

 

To determine: i) Heat exchanger area for parallel flow 

                        ii) Heat exchanger area for counter flow 



               Outlet temperature of cold fluid is not given, therefore, Tco is to be determined 

first. From energy balance considerations, heat transferred in heat exchanger is equal to 

heat lost by hot fluid which is gained by cold fluid. Therefore, 

Heat transferred in heat exchanger = Heat lost by hot fluid = Heat gained by cold 

fluid  

                              Q =  Qh  =  Qc 

                        Qh = mh Χ Cph Χ (Thi – Tho) = 0.277 Χ 1120 Χ ( 350-175) = 54292 J/sec 

                         Qc = mc ΧCpc Χ (Tci – Tco)               

                        54292 = 0.3472 Χ 4186 Χ (Tci – Tco) 

                          Tco = 5+37.35 = 42.35 oC 

Heat transfer rate in a heat exchanger is expressed as 

       Q = UA(ΔT)m 

          A = Q / ( U(ΔT)m) 

 

(ΔT)m is logrithmic mean temperature difference 

 

i) For Parallel flow arrangement 

 

     (ΔT)m for parallel flow arrangement is expressed as 
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For parallel flow arrangement; 

              θi = Thi –Tci = 350 – 5 = 345 oC  

              θi = Tho –Tco = 175- 42.35 = 132.65 oC 

 𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, ∆𝑻𝒎 =  (𝜽𝒊 − 𝜽𝒐) 𝒍𝒐𝒈𝒆  (𝜽𝒊𝜽𝒐) =   (𝟑𝟒𝟓 − 𝟏𝟑𝟐. 𝟔𝟓) 𝒍𝒐𝒈𝒆  ( 𝟑𝟒𝟓𝟏𝟑𝟐. 𝟔𝟓) =  𝟐𝟏𝟐. 𝟑𝟓 𝒍𝒐𝒈𝒆 (𝟐. 𝟔𝟎)= 𝟐𝟐𝟐. 𝟐𝟑     𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, 𝑨 =  𝑸𝑼 × ∆𝑻𝒎 =  𝟓𝟒𝟐𝟗𝟐𝟖𝟔𝟎 × 𝟐𝟐𝟐. 𝟐𝟑 = 𝟎. 𝟐𝟖𝟒 𝒎𝟐 

 

ii) For counter flow arrangement 

 (ΔT)m for counter flow arrangement is expressed as 
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For counter flow arrangement; 

              θi = Thi –Tco = 350 – 42.35 = 307.65 oC  

              θi = Tho –Tci = 175- 5 = 170 oC 𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, ∆𝑻𝒎 =  (𝜽𝒊 − 𝜽𝒐) 𝒍𝒐𝒈𝒆  (𝜽𝒊𝜽𝒐) =   (𝟑𝟎𝟕. 𝟔𝟓 − 𝟏𝟕𝟎) 𝒍𝒐𝒈𝒆  (𝟑𝟎𝟕. 𝟔𝟓𝟏𝟕𝟎 ) =  𝟏𝟑𝟕. 𝟔𝟓𝒍𝒐𝒈𝒆 (𝟏. 𝟖𝟎𝟗𝟕)= 𝟐𝟑𝟐. 𝟎𝟔     𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆, 𝑨 =  𝑸𝑼 × ∆𝑻𝒎 =  𝟓𝟒𝟐𝟗𝟐𝟖𝟔𝟎 × 𝟐𝟑𝟐. 𝟎𝟔 = 𝟎. 𝟐𝟕𝟐 𝒎𝟐 

 

Ex 30.3        In a counter flow heat exchanger, air entering at a rate of 1 kg/sec is cooled 

from 55 o C to 20 oC by water. Mass flow rate of water is 0.6 kg/sec and 

temperature of water at inlet of the heat exchanger is 10 oC. Using 

effectiveness method, determine the heat exchanger area required if the 

overall heat transfer coefficient is 30W/m2K.  

Solution:       Given:  Inlet temperature of hot fluid (air), Thi= 55 oC 

                       Outlet temperature of hot fluid (air),  Tho= 20 oC 

                       Specific heat of hot fluid, Cph= 1.004 kJ/kg-hr 

                       Inlet temperature of cold fluid (water), Tci= 10 oC 

                       Outlet temperature of cold fluid (water), Tco= Not given 

                      Specific heat of cold fluid, Cpc= 4.182 kJ/kg-deg 

                      Mass flow rate of hot fluid (air), mh = 1.0 kg/sec 

                      Mass flow rate of cold fluid (water),  mc = 0.6 kg/sec 

                      Overall heat transfer coefficient, U = 30 W/(m2-K) 

To determine: i) Area of Heat exchanger for counter flow arrangement by using  

    effectiveness method 

                                     

 Thermal capacity rates for the hot fluid (air) and cold fluid (water) are: 

                              Ch = mhch = 1.0 × 1.005 = 1.005 KJSec−K = 𝟏. 𝟎𝟎𝟓 𝐤𝐖/𝐊      
Cc = mccc = 0.6 × 4.186 = 2.115 kJSec − K = 𝟐. 𝟓𝟏𝟏 𝐤𝐖/𝐊 

  Therefore, Cc= Cmax = 2.511 kW/K   and Ch= Cmin = 1.005 kW/K 

  Capacity ratio, C = 𝐶𝑚𝑖𝑛𝐶𝑚𝑎𝑥 = 1.0052.511 = 𝟎. 𝟒𝟎 



                      Effectiveness can be expressed as                

                     Effectiveness, ∈= (th1−th2)(th1−tc1) = 55−2055−10 = 𝟎. 𝟕𝟕 

We know that Number of transfer units, 𝑵𝑻𝑼 =  𝑨 × 𝑼𝑪𝒎𝒊𝒏  

                Therefore, 𝐀 =
𝑵𝑻𝑼 ×𝑪𝒎𝒊𝒏 𝑼   

 

i) Area of Heat exchanger for counter flow arrangement by using effectiveness 

method 

 

              The effectiveness for a counter flow arrangement is, 

                                      ∈= 1−exp [−NTU (1−C)]1−Cexp [−NTU (1−C)] 
Rearranging:       

∈−1∈ C−1 = exp [−NTU (1 − C)] 
                 

0.77−10.77×0.4−1 = exp [−NTU (1 − 0.4)         

loge 0.230.692 = −0.6 NTU  
−1.1015 =  −0.6 NTU  or NTU = 𝟏. 𝟖𝟑 

 Therefore, the required transfer area is, 

                                 A = NTU×CminU = 1.83×100530 = 𝟔𝟏. 𝟑𝟎 𝐦𝟐 

 

Ex 30.4         A fluid at 25 oC is used to cool an oil at 210 oC in an heat exchanger having 20 

m2.  Oil is having specific heat of 2 kJ/(kg-K) and it flows at a rate of 2.72 

kg/sec where as specific heat of cooling fluid is 4.5 kJ/(kg-K) and its mass 

flow rate is 0.88 kg/sec. For an overall heat transfer coefficient value of 315 

W/(m2-K), determine the outlet temperatures of oil and cooling fluid for 

parallel and counter flow arrangements using effectiveness Method.                              

Solution:       Given:  Inlet temperature of hot fluid (air), Thi= 210 oC 

                        Specific heat of hot fluid, Cph= 2.0 kJ/(kg-deg) 

                       Inlet temperature of cold fluid (water), Tci= 25 oC 

                       Specific heat of cold fluid, Cpc= 4.5 kJ/(kg-deg)  

                      Mass flow rate of hot fluid (oil), mh = 2.72 kg/sec 



                      Mass flow rate of cold fluid, mc = 0.88 kg/sec 

                      Overall heat transfer coefficient, U = 315 W/ (m2-deg) 

                       Heat transfer Area = 20 m2 

To determine: i) Outlet temperatures of hot and cold fluid using effectiveness 

method. 

 

Solution:        Ch = mh ×  Cph = 2.72 × 2500 = 𝟓𝟒𝟒𝟎 = 𝐂𝐦𝐚𝐱   

                        Cc = mc  ×  Cpc = 0.88 × 4500 = 𝟑𝟗𝟔𝟎 = 𝐂𝐦𝐢𝐧   

 Heat lost by hot fluid = Heat gained by cold fluid 

 mhCph(Thi − Tho) = mcCpc(Tco − Tci) 

                       5440(210 − Tho) = 3960(T𝑐𝑜 − 25) 

 𝐓𝒄𝒐 = 𝟑𝟏𝟑. 𝟑𝟑 − 𝟏. 𝟑𝟕𝟑𝐓𝐡𝟎                                (1) 

 This equation is valid for parallel as well as for counter flow. 

 Cmin  Cmax = 39605440 = 𝟎. 𝟕𝟑 = 𝐂 

            𝐍𝐓𝐔 = UACmin = 315 × 203960 = 𝟏. 𝟓𝟗 

  The value of NTU is also independent of flow direction. 

 (i) Parallel Flow 

    ∈= [1 − (e)−NTU(1+C)](1 + C) = [1 − (e)−1.59×1.73](1 + 0.73) = 𝟎. 𝟓𝟒 

                  Effectiveness of a heat exchanger can also be expressed as 

  ∈= Tco − TciThi − Tci  
                       ∴       0.55 = Tco − 25210 − 25 



                       ∴          Tco = 25 + 0.54(210 − 25) = 𝟏𝟐𝟓℃ 

 Using equation (1) 

   125 =  313.33 − 1.373Tho  

  Th0 = 𝟏𝟑𝟕℃ 

(ii) Counter Flow Arrangement 

                                    ∈= 1 − (e)−NTU(1−C)1 − C(e)−NTU(1−C) 
              = 1 − (e)−1.59×0.271 − 0.73 × (e)−1.59×0.27 = 𝟎. 𝟔𝟔 

                                 ∈= Tco − TciThi − Tci  
                          ∴ Tco = Tci+∈ (Thi − Tci) 

                                           Tco =  25+0.66 (210-25) = 147  

                       Again using the equation (1) 

                          147 = 313.6-1.373Th0 

                                        ∴ Tho = 𝟏𝟐𝟏℃ 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


