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Experience the Difference

Sun LabTek Equipments (I) Pvt Ltd.


PARALLEL FLOW/COUNTER FLOW HEAT EXCHANGER
AIM: 
          To determine LMTD, effectiveness and overall heat transfer coefficient for parallel and counter flow heat exchanger
THEORY:
Heat exchanger is a device in which heat is transferred from one fluid to another. Common examples of heat exchangers are:
i. Condensers and boilers in steam plant

ii. Inter coolers and pre-heaters

iii. Automobile radiators

iv. Regenerators
CLASSIFICATION OF HEAT EXCHANGERS:
1. Based on the nature of heat exchange process:
i. Direct contact type – Here the heat transfer takes place by direct mixing of hot and cold fluids

ii. Indirect contact heat exchangers – Here the two fluids are separated through a metallic wall. ex. Regenerators, Recuperators etc.
2. Based on the relative direction of fluid flow:
i. Parallel flow heat exchanger – Here both hot and cold fluids flow in the same direction

ii. Counter flow heat exchanger – Here hot and cold fluids flow in opposite direction

iii. Cross-flow heat exchangers – Here the two fluids cross one another
LOGARITHMIC MEAN TEMPERATURE DIFFERENCE (LMTD):
This is defined as that temperature difference which, if constant, would give the same rate of heat transfer as usually occurs under variable conditions of temperature difference.

For Parallel flow:
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LMTD =    (Tho – Tco) – (Thi –Tci)  
=   θ2 – θ1    OR       (HTD –LTD)

  ln    Tho-Tco 
               ln  θ2                      ln HTD
                            
          Thi -Tci                              θ1
                   LTD
Where,
HTD = higher temperature difference
LTD = lower temperature difference

Tho = Outlet temperature of hot fluid

Tco = Outlet temperature of cold fluid

Thi = Inlet temperature of hot fluid

Tci = Inlet temperature of cold fluid
For Counter flow:
LMTD  = (Thi – Tci)  -  (Tho –Tci)    =    θ2 – θ1
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OVERALL HEAT TRANSFER COEFFICINET:
The rate of heat transfer between hot and cold fluid is given by

Q =Uo Ao / LMTD

Where, 
            Uo is overall heat transfer coefficient based on outer surface area of         tubes, W/m²-K
            Ao is the total outer surface area of tubes, m²
EFFECTIVENESS:
 Effectiveness of a heat exchanger is defined as the ratio of actual heat transfer rate to the theoretical maximum possible heat transfer rate.

Effectiveness:   ε  =
Q
Qmax

It can be shown that 

        
ε =  Thi –Tho    if mh ch < mc cc
       Thi – Tci
And 
ε =  Tco – Tci   if mc cc <  mh ch
       Thi - Tci
Where,
 mh and mc are the mass flow rate of hot and cold fluids respectively in kg/s; 

 ch and cc are the specific heat of hot and cold fluids respectively in J/kg–K. 

DESCRIPTION OF THE APPRATUS:

The apparatus consists of a concentric tube heat exchanger. The hot fluid namely hot water is obtained from the Geyser (heater capacity 3 kW ) &  it flows through the inner tube. The cold fluid i.e. cold water can be admitted at any one of the ends enabling the heat exchanger to run as a parallel flow or as a counter flow exchanger. Measuring jar used for measure flow rate of cold and hot water. This can be adjusted by operating the different valves provided. Temperature of the fluid can be measured using thermocouples with digital display indicator. The outer tube is provided with insulation to minimize the heat loss to the surroundings.
SPECIFICATIONS:
Specimen material

          : Copper tube 

Size of the specimen

: ( 12.5mm x 1000 mm long 

Outer Shell material

: s s
Size of the Outer Shell
          : (20 mm

Geyser capacity

          : 1 ltr, 3 kW 
PROCEDURE:

1. First switch ON the unit panel

2. Start the flow of cold water through the annulus and run the exchanger as counter flow or parallel flow.

3. Switch ON the geyser provided on the panel & allow to flow through the inner tube by regulating the valve.              

4. Adjust the flow rate of hot water and cold water by using Rota meters & valves.
5. Keep the flow rate same till steady state conditions are reached.
6. Note down the temperatures on hot and cold water sides. Also note the flow rate.
7. Repeat the experiment for different flow rates and for different temperatures. The same method is followed for parallel flow also.
OBSERVATION TABLE:



PARALLEL FLOW

	Sl. No.
	Hot water flow rate mh, kg/s
	Cold water flow rate mc, kg/s
	Temperature of cold water in °C
	Temp. of hot water in °C
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	Inlet Thi
	Outlet Tho

	2.
	
	
	
	
	
	

	3.
	
	
	
	
	
	

	4.
	
	
	
	
	
	

	5.
	
	
	
	
	
	

	
	
	
	
	
	
	


COUNTER FLOW

	Sl. No.
	Hot water flow rate mh, kg/s
	Cold water flow rate mc, kg/s
	Temperature of cold water in °C
	Temp. of hot water in °C

	
	
	
	Inlet Tci
	Outlet Tco
	Inlet         Thi
	Outlet Tho

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


EQUATIONS USED:

1. Heat transfer from hot water

Qh = mh Cph (Thi –Tho)   watts

                                         mh = mass flow rate of hot water kg/sec

                                       Cph = Specific heat of hot water = 4186.8 J kg-K

2. Heat gain by the cold fluid
Qc = mc Cpc (Tco- Tci)  watts

                                       mc = Mass flow of cold fluid, kg/s

                                       Cpc = Specific heat of cold fluid = 4186.8 J/kg -K

3.  Q = Qh + Qc   watts

         2 
4.   LMTD = θ2 – θ1    °C

                       ln  θ2

                            θ1

θ1 = Thi – Tci  and θ2 = Tho – Tco  for parallel flow heat exchanger

θ1 = Tho – Tci and θ2 = Thi – Tco  for counter flow heat exchanger

5.  Overall heat transfer coefficient based on outside surface area of inner tube

Uo =                 Q          

W/m² oK

               Ao x LMTD 

Where,

 Ao =π do l    m²

      do = Outer diameter of the tube  = 0.0125 m

                  l   = length of the tube = 1.0 m
6. Effectiveness:

Find Ch = mh cph  and  Cc = mccpc
Effectiveness =  Thi – Tho       if  Ch < Cc
                            Thi - Tci
And Effectiveness =     Tco – Tci                             if Cc < Ch



        Thi –Tci 

This is applicable both for Parallel and counter flow heat exchanger
7. Effectiveness using NUMBER OF TRANSFER UNIT (NTU) method

i) NTU =   Uo Ao
        Cmin
Note:            if Ch<Cc then Ch = Cmin, Cc =Cmax
 And if           Cc<Ch then Cc = Cmin, Ch = Cmax
ii) Effectiveness of parallel flow heat exchanger

                  1 + Cmin 

   1 – e-NTU        Cmax
 є  =                                       .
                          1 + Cmin
                                Cmax
iii) Effectiveness of counter flow heat exchanger

                         1 - Cmin 

      1 –  e-NTU          Cmax
 є  =                                               .
    1 - Cmin       e-NTU   1 - Cmin 

                    Cmax                               Cmax
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