[bookmark: _Hlk7479704]Figure 1: Schematic of an unmixed cross-flow heat exchanger.
Tube flow
Cross flow T = f(x)
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[bookmark: _Hlk7467726][bookmark: _GoBack]A temperature gradient or differences in temperature facilitate heat transfer. A heat exchanger is a device, separated by a solid wall between two fluids of different temperature. A heat exchanger consists of the following three heat transfer processes:
· Convection from the internal fluid to the tube's inner wall.
· Conduction through the walls of tube.
· Convection from tube’s outer wall to outside fluid

Heat is transferred through the solid wall from the higher temperature fluid to the lower temperature fluid i.e. from hot to cold, resulting in convection as the dominant form of heat transfer. The solid wall should be as thin as possible and should be made of highly conductive material like copper, in order to maximize the heat transfer.

Heat exchangers are classified by flow arrangement and construction type. A heat exchanger configuration in which the flow directions are perpendicular to each is referred as heat exchanger with flow, as shown in Figure 1 below:




















1 Introduction




Cross-flow heat exchangers consist of tubular heat exchangers finned and unfinned. The two configurations differs depending on the unmixed or mixed fluid moving over the tubes. It is said that the finned configuration is unmixes because the fins prevent any transverse motion so that the main flow is one direction only. Alternatively, the unfined configuration is said to be mixed as the temperature of the fluid can vary in both the direction of transverse and main flow. However, the variations in temperature are primarily in the direction of the main flow.
1.1 Objectives
In an unmixed cross-flow heat exchanger, this experiment investigates the heat transfer. The main goals of this experiment are:
· Measure the heat transfer in a single copper pipe cross-flow heat exchanger.
· Measure the heat transfer in a heat exchanger with a single copper pipe and a full row of
dummy rods.
· Measure the heat transfer in a heat exchanger with a single copper pipe and a full dummy 
rod bank.
· Investigate the relation between the Nusselt number and the Reynolds number.
2    Theoretical background
    
    2.1    Thermocouple
Thermocouple is a device that calculates temperatures comprising of two diﬀerent conductors that articulates electrical connections at diﬀerent temperatures. Consequently, of the thermoelectric reaction, a thermocouple yields a temperature-dependent voltage and thus voltage can be taken as a measure of temperature.
[bookmark: _Hlk7469337]The typical thermocouple circuit configuration is shown in Figure 3. The connection between metal A  and  metal  B  is  stated  to  as  the  hot  junction  (point  1)  and  it is the  mark  where temperature Tsense  is measured. The cold connections comprise of the junction among metal A and metal C (point 2) plus the connection between metal B and metal C (point 3). The cold junction forms an allusion temperature Tref. Both cold junctions are occupied in an ice bath so that they part at the same temperature, Tref
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Figure 3: A circuit of thermocouple
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(2.6)

(2.5)
V1   2 = E1   E2  =CA(Tsense    Tref)
V1   3 = E1   E3  =CB(Tsense    Tref)

(2.4)
V = E = C(T )(Tsense    Tref)
(2.3)
V1   3 = E1   E3           

(2.2)
V1   2 = E1   E2            
(2.1)
The Seebeck effect ect states that when there is a temperature gradient in a conductive material, an electromotive force is generated. Any temperature dissimilarities between Tsense and Tref  concludes in a temperature gradient within the conductive wires. Where there is no internal current flow such as a thermocouple under open-circuit conditions, the voltage gradient V is directly proportional to the rT gradient, 
rV = C(T )rT
Where C(T) is a material property known as the Seebeck coefficient, dependent on temperature.
The measured Tsense temperature is obtained using three inputs: the thermocouple's haracteristic E(T) function, the measured V voltage, and the cold junction temperature Tref. Voltage V is defined as the two-potential E differences.
V  =  E
Thus the calculated voltage among points  1   and  2   is stated by:


E1 is the electric potential of point  1   and E2 is the electric potential of point  2  and the calculated voltage between point 1 and point 3 is stated by


At point 3 is the electric potential E3.
A simpler way to interpret the Seebeck effect is because the temperature difference creates a voltage potential where the voltage magnitude is a temperature function. It's written mathematically as:



Again C(T) is a temperature dependent material property. C is treated as a constant for simplicity and depends only on the material chosen Therefore, the measured voltage between points 1 and 2 , and  points 1 and 3 are:


2.13
V4   5 = (CB    CA)( Tsense   Tref)    
(2.12)
E4    E5 = (CB    CA)( Tsense   Tref)    

where CA is a metal material property A and CB is a metal material property B.                   
Point 2 and point 4 are connected by metal C. Since point 4 is usually exposed to the atmosphere, atmospheric temperature Tatm is assumed to be equal to temperature at 4. However the temperature at point 2 is preserved at Tref.Like in previous cases, the temperature variations between 2 and 4 creates a voltage, given by


where E4 is the electric potential at point 4 and CC the measured voltage between point 3 and point 5  is a material property of metal C. Similarly, is given by  


where electric potential at point 5 is E5 
The measured voltage V4  5 may be associated with the temp difference (Tsense  Tref) by 
· Comparing Equation 2.7 to Equation 2.8, it is evident that voltages across both wires are
equal since both cases share the same temperature difference and material. Therefore
the changes in electric potentials are also equal.


  that is reorganized to 


• Subtracting Equation 2.5 from 2.6 to yield


• Equating Equation 2.10 to Equation 2.11 to gives


Note:  the potential diﬀerence between point 4 and point 5 is the voltage V4  5. Therefore



(2.11)
E2     E3 = (CB    CA)( Tsense   Tref)    
(2.10)
E2     E3 = E4     E5                                                              

(2.9)
E2     E4 = E3     E5                                                              
(2.8)
V3   5 = E3  E5  =CC(Tsense    Tref)

(2.7)
V2   4 = E2   E4  =CC(Tsense    Tref)




This is reordered toTsense = Tref +  V4    5                         			 (2.14)			



 CB     CA
----------------------------


Revise that V4 5  which can be measured with a voltmeter is the voltage between 4  and 5 CA  and CB are taken as constants, and Tref  which in this case is set to Tref = 0 C is the reference temperature of the cold junction. Therefore by computing the voltage of a 4  and  5 , the measured temperature Tsense can be measured from Equation 2.14.
Note: Neither metal A nor metal B can be the same mater, otherwise the denominator will be zero.

[bookmark: _Hlk7480701]2.2   Nusselt number and Reynolds number 
The Nusselt number Nu is defined as the ratio of convective to conductive heat transfer across the boundary in convective heat transfer problems, i.e. heat transfer between a solid boundary (surface) with a fluid.N u = Convective heat transfer
=hL
(2.15)

Conductive heat transfer


k



Where h is the coefficient of convective heat transfer, k is the fluid's thermal conductivity and L is the characteristic scale of the length. The characteristic length scale for a cross-flow heat exchanger is the diameter of the rod, i.e., L = D.
Convection and conduction are of similar magnitude, a Nusselt number close to one, is characteristic of laminar flow. A number greater than one Nusselt corresponds to more active convection, with turbulent flow typically within the range N u = 100 – 1000.
The  Reynolds number is given in a cross-flow tube bank
  Re =   V max D                                                   (2.16)  



Where D is the diameter of the tube and where Vmax is the maximum speed of the fluid. Umax occurs in the smallest cross-sectional area from mass conservation.
Consider a cross-flow heat exchanger consisting of a constant cross-sectional-area duct with two rods spanning the canal wall and sideways to the main direction of flow.By applying mass conservation in a control volume defined by the duct walls with an inlet (point 1) upstream of the rods and the outlet (point 2) at the lowest cross-sectional area, this yield is assumed to be one-dimensional.
1V 1A1 =  2V 2A2                                   (2.17)




Under the assumption of incompressible flow, i.e. 1 = 2, the densities are cancelled. The outlet speed, the maximum speed, can be obtained byV 2 = V 1    A2                                                      (2.18)  


The inlet and outlet cross-sectional areas are provided by
A 1  = W H                                                          (2.19)  A2 = W H   2W D                                                (2.20)


Where H and W are, respectively, the height and width of the duct. The outlet speed is therefore rewritten as
     V 1   	  V 2    =       nD 1      H                          (2.22)    


R for a heat exchanger with two rods, this analysis was carried out. The maximum speed is given by a heat exchanger with n rodsRe =   aV 2D    =       aV 1D                             (2.23)               
1   H   nD 	  




2.3    Transient heat transfer in a lumped system
A lumped analysis of the system reduces a thermal system to a number of discrete lumps and assumes constant temperature within each lump. This approximation to algebraic equations simplifies the differential heat equations.
The heat transfer within the body and from the body to the fluid is of the same magnitude for transient heat transfer, such as convective cooling or heating,
k

h(Tw    Tatm)

s
L (T1 Tw)                                                (2.24)



Where ks is the solid's thermal conductivity, L is the relevant length scale, Tatm is the atmospheric temperature, Tw is the boundary surface temperature in contact with the fluid, and T1 is the solid's internal temperature at a normal distance L from the boundary.[image: ]



the Biot number is the dimensionless quantity on the right-hand-side which is a relationship of the heat transfer resistances inside of and at the surface of a body. The Biot number is demarcated as
[bookmark: _Hlk7479789]Bi =   hL                                                                     (2.26) 



Biot number oversees whether the temperatures inside a body will shift fundamentally in space, while the body warms or cools after some time, from a warm inclination connected to its surface. In the event that the Biot number is little the proportion of temperature diﬀ erences portrayed in Equation 2.25 is additionally likewise little, i.e.,
T1     Tw  


Subsequently, this suggests that

                        dT  Qout =   V c dt                                         (2.27)  

Therefore the temperature within the solid body may be assumed to be uniform and a lumped system may be assumed.
Note: The lumped system approximation made is to view the object as having a spatially uniform temperature that is a function of time only. Explicitly, T = T (t) .
For a solid body, the rate of heat transfer out of the solid body is given by
In this manner the temperature inside the strong body might be thought to be uniform and a lumped framework might be accepted. 
Note: The lumped framework estimate made is to see the article as having a spatially uniform temperature that is an element of time as it were. Unequivocally, T = (t) . 
For a strong body, the rate of warmth exchange out of the strong body is given by

Qout = Ah(T   Tatm)                                                     (2.28)   



where c is the particular warmth, is the thickness of the body, and V is its volume. The warmth 
exchanged over the surface to the liquid by convective warmth exchange is given by






time evolution of the temperature is expressed as 


where mass, for example m = V , has been utilized and Ti is the underlying temperature at time t = 0. In this design, at time t = 0 the non-dimensional temperature is equivalent to one. Condition 2.30 is essentially the diﬀerential condition


where X  constant has the solution


a is a constant used to fulfill the initial condition. So, the solution to Equation 2.30 is


where the steady an is equivalent to solidarity to fulfill the underlying condition i.e., a = 1. This type of condition infers that the arrangement has a warmth exchange time consistent given by



Equation 2.31 may be redrafted as

For the cross-stream heat exchanger in this investigation, it is accepted that heat is exchanged just from the parallel surface of the bar. The surface region of the pole is given by

where D is the measurement of the bar and L is the real length of the pole. In any case, there is a little measure of warmth that is exchanged from the two finishes of the pole to air. To make up for this, the remedied surface region will be utilized. The remedied surface zone is given by







2.4 Review of pilot tube
[image: ]
[image: ]
From the Bernoulli condition, learning of the static weight and stagnation weight in a stream suggests that the neighborhood velocity Va can be determined
.


When combined with an inclined manometer inclined at an angle, where pstag  is the stagnation pressure, pstatic  is the static pressure, and a is air density, the airspeed is given by 





This condition was utilized in Experiment No. 04. Its deduction can be found in the relating lab manual.
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image6.emf
Review that a Pitot tube, appeared in Figure 4, is a gadget that estimates stagnation weight. Pitot tubes are  arranged digressive to the  stream course, therefore the stream entering the Pitot tube is conveyed to rest  isentropically and the weight turns into the stagnation weight  
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Figure 4: Pitot tube is used to measure stagnation pressure.
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