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Abstract 

 

Cross flow heat exchanger to transfer thermal energy from hot fluid to 

cold fluid have been studied experimentally. Log mean temperature 

difference method selected to determine the heat transfer, the overall heat 

transfer coefficients.  These are variable depend on the inlet and outlet 

temperature of the fluid and effectiveness. The results shows that, heat 

transfer increase when the mass flow rate of air increases on other hand, 

the effectiveness decrease when the mass flow rate of air with increase. 

  

 



 

    

 

 اهداء

 اليوم واحلمد هلل نطوي تعب األيام وخالصة املشوار بني دفيت هذا العمل املتواضع

 اىل منارة العلم سيد اخللق اىل رسولنا الكريم حممد )صل اهلل عليه وآله وسلم( و آله األطهار.

 اىل الينبوع الذي ال ميل العطاء...

  اىل امي اليت حاكت سعادتي خبيوط منسوجة من قلبها،

اىل من سعى ألنعم بالراحة واهلناء الذي مل يبخل بشيء من اجل دفعي يف طريق النجاح، 

 الذي علمين ان أرتقى سلم احلياة حبكمه وصرب،

  اىل والدي العزيز...

 واىل من حبهم جيري يف عروقي ويلهج بذكراهم فؤادي،

  اىل أخواني وأخواتي...

واىل من علمونا حروفا من ذهب وكلمات من درر من امسى وأحلى عبارات يف العلم، 

 اىل من صاغوا لنا علمهم ومن فكرهم منارة تنري لنا مسرية العلم والنجاح، اىل اساتذتنا الكرام

 أهدي هذا البحث اىل مشرفنا الدكتور عباس عليوي

 راجني من املوىل عز وجل أن مين عليه بالصحة.
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 بسم اهلل  الرمحن الرحيم

(22سورة االنسان ،آية)  (( وراً ك  م مش  اءً وَكانَ سَع ي ك  جَزَ  م  هَذَا كانَ لك   إن  ))  

 صدق اهلل العلي العظيم
 شكر وتقدير

نود  أن  نُعرب عن شكرنا وامتناننا اىل رئيس قسم اهلندسة امليكانيكية الدكتور خالد عبد احلسني 

الذي أجاب على استفساراتنا بشكل مبهج، وقدم لنا املواد، والتحقق من األمثلة اليت قدمناها، وساعدنا 

يف طرق ال تعد وال حتصى مع الكتابة، وعلق بشكل مفيد على املسودات السابقة هلذا املشروع. أيضا نقدم 

 شكرنا اىل رئاسة قسم اهلندسة امليكانيكية وخمتربات وورش كلية اهلندسة قسم امليكانيك.



 

 

 

 

 

Nomenclature 

                                                                                     

Q = Heat transfer In KJ                                                   

FT = correction factor                                                     

U = overall heat transfer coefficient In W m2. K⁄  

∆Tm = Log mean  temperature difference In K 

Th1 = Temperature of water at inlet In K         

Th2 = Temperature of water at outlet In K       

Tc1 = Temperature of air at inlet In K               

Tc2 = Temperature of air at outlet In K             

ṁc = ṁair = Mass flow rate of air In 
Kg

Sec
          

ṁh = ṁwater = Mass flow rate of water In 
Kg

Sec
 

Nshell = number of shell                                                 

R = Capacity ratio without units                      

ε = Effectiveness without units                           

A = surface area In m2                                           

NTU = Number transfer units without units 

 

ch = cwater = Specific heat of water In 
KJ

Kg. K
 

cc = cair = Specific heat of air 
KJ

Kg. K
         

Subscripts 

c   cold 

f  fluid 

h   hot 
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Chapter 1 

 

1. Introduction 

 

1.1. Background 

A heat exchanger may be defined as an equipment that transfers the 

energy from a hot fluid to a cold fluid, with maximum rate and minimum 

investment and running costs. In heat exchangers, the temperature of each 

fluid changes as it passes through the exchangers, and hence the 

temperature of the dividing wall between the fluids also changes along the 

length of the exchanger. The application of the principles of heat transfer 

to the design of equipment to accomplish a certain engineering objective 

is of extreme importance, for in applying the principles to design, the 

individual is working toward the important goal of product development 

for economic gain. Eventually, economics plays a key role in the design 

and selection of heat-exchange equipment, and the engineer should bear 

this in mind. Examples of heat exchanger intercoolers and preheater, 

condensers and boilers in steam plant, condensers and evaporators in 

refrigeration units, regenerators, automobile radiators, oil coolers of heat 

engine, milk chiller of a pasteurizing plant and several other industrial 

processes. Heat exchanger can be designed by the LMTD (logarithmic 

mean temperature difference) when inlet and outlet conditions are 
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specified. when the problem is to determine the inlet or exit temperature 

for a particular  heat exchanger the analysis is performed more easily by 

using a method based on effectiveness of the heat exchanger (concept first 

proposed by Nusselt ) and number of transfer units(NTU) the heat 

exchanger effectiveness ξ is defined as the ratio of actual heat transfer to 

the maximum possible heat transfer. A type of heat exchanger commonly 

used in the chemical-process industries is that of the shell-and-tube 

arrangement One fluid flows on the inside of the tubes, while the other 

fluid is forced through the shell and over the outside of the tubes. To 

ensure that the shell-side fluid will flow across the tubes and thus induce 

higher heat transfer. Baffles are placed in the shell depending on the head 

arrangement at the ends of the exchanger. One or more tube passes may 

be utilized. In one tube pass is used, and the head arrangement for two 

tube passes Shell and tube exchangers my also be employed in miniature 

form for specialized applications in biotechnology fields. Such an 

exchanger with one shell pass and one tube pass is illustrated and the 

internal tube construction. Small double pipe or tube-in-tube exchangers 

may also be constructed in a coiled configuration as with an enlarged view 

of the inlet-outlet flow connections. Type of heat exchanger, nature of 

heat exchanger process and relative direction of fluid motion classified 

into three types; parallel flow, counter flow and cross flow. Cross-flow 

exchangers are commonly used in air or gas heating and cooling 

applications. Where a gas may be forced across a tube bundle, while 

another fluid is used inside the tubes for heating or cooling purposes.  In 

this exchanger, the gas flowing across the tubes is mixed stream, while 

the fluid in the tubes is unmixed. The gas is mixed because it can move 

about freely in the exchanger as it exchanges heat. The other fluid is 

confined in separate tubular channels while in the exchanger so that it 

cannot mix with itself during the heat-transfer process. A different type of 
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cross-flow exchanger .in this case the gas flows across finned-tube 

bundles and thus is unmixed since it is confined in separate channels 

between the fins as it passes through the exchanger. This exchanger is 

typical of the types used in air-conditioning applications. If a fluid is 

unmixed, there can be a temperature gradient both parallel and normal to 

the flow direction. On the other hand, when the fluid is mixed, there will 

be a tendency for the fluid temperature to equalize in the direction normal 

to the flow, because of the mixing cross flow heat exchanger. When the 

fluid cross each another in space, for example, that used in the radiator of 

a car, in which the hot liquid is cooled down by the airflow on the surface 

of the radiator. In this configuration, heat transfer occurs between a flow 

of hot water and a flow of cool air circulating in an orthogonal direction 

with respect to each other, so that hot flow and cold flow cross each other 

(crossed flow). This experiment serves as an introduction to the 

determination of a heat exchanger’s performance and calculation of the 

fundamental quantities involved in the operation of a heat exchanger, such 

as the heat exchanger’s overall heat transfer coefficient, number of 

transfer units (NTU), and effectiveness. 

  

1.2. Objective of the research  

1- Design and fabrication of cross flow heat exchanger  

2- Measure the hot and cold fluid temperature and mass flow rate          

3- Calculate the experimental heat exchanger effectiveness and compare 

to the predicted effectiveness obtained by the NTU method. 

4- Lrean how to apply this analysis to determine cross flow heat exchanger 

efficiency. 



 

 

 

 

 

 

Chapter 2 

 

2. Literature Review 

Kuchhadiya and Rathod [1] studied experimentally the effect of thermal 

behavior of cross flow plate-fin heat exchanger with offset strip fin. An 

experimental set up has been built in the laboratory to test the plate fin 

heat exchanger.  Set of experimental had conducted to determine the 

thermal performance as heat transfer coefficient and effectiveness of the 

given heat exchanger. Khaled Ramadan and Hage [2] Studied innovative 

approach of determining the overall heat transfer coefficient of heat 

exchangers –application to cross flow water –air types.  An innovative 

iterative technique have been suggested to determine the overall heat 

transfer coefficient of heat exchanger as a function of the fluids flow rate 

this method depends on a single heat exchanger experimental assessment 

.result for cross flow heat exchanger in which an average error of less than 

5% is observed. Hammock[3] Studied cross- flow staggered-tube heat 

exchanger analysis for high enthalpy flows.  this  high enthalpy and high 

temperature air must be cooled dawn stream by use of a cross flow heat 

exchanger by this determine the effectiveness numerical model is built to 

calculate per-tube –row energy balance using real air and water properties 

and cross flow Nusselt number calculation. Cheen Su An[4] The 

researcher studied thermal hydraulic analysis of the cross-flow finned 
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tube heat exchangers for an outdoor unit in residential air-conditioning 

and heat pump applications. The Navier-Stokes equations and the energy 

equation are solved for the three dimensional computation domain. The 

steady state 3-dimensional continuity, momentum, and energy equations 

are solved by using the finite volume method. Luo [5]  In this research, 

cross-flow heat exchangers with external and internal recycles were 

investigated in the laminar region. The results show that the dimensionless 

heat transfer rate rises with the increase of recycle ratio R or capacitance 

rate ratio C2/C1, or with the decrease of heat transfer area A. The 

maximum increase of efficiency reached up to 28% and 21% for internal 

and external recycles, respectively. Mortean,  Paiva  and  Mantelli[6] In 

this study, a one-dimensional steady state thermal model for a cross-flow 

diffusion bonded compact heat exchanger was developed. The theoretical 

results will be compared with data from experimental test. Three different 

Nusselt number correlations for convection in channels were used to 

specified the heat transfer in channels. Toolthaisong  and   Kasayapanand  

[7]   studied experimentally the effect of attack angles on air side thermal 

and pressure drop of the cross flow heat exchangers with staggered tube 

arrangement, as well as the effect of tubes aspect ratios was also studied. 

The result shown, the heat transfer and pressure drop were increased when 

the attack angle and aspect ratio increase. Anisimov,  Jedlikowski  and  

Pandelidis[8] was focuses on the numerical simulation and analysis of 

coupled heat and mass transfer under ice formation conditions in the 

cross-flow plate heat exchanger. The presented model was validated 

against experimental data. The results showed satisfactory agreement with 

the data obtained from the experimental measurements and the efficiency 

gains are sensitive to various inlet conditions. Liu, etc. [9]  studied a 

theoretical model to predict frosting limits in exchangers. The result of a 

cross-flow air-to-air flat plate heat/energy shows that the predicted 
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frosting limits have consistent agreements with experiments, and energy 

exchangers have a lower risk of frosting than the heat exchangers also the 

impacts of number of heat and  moisture transfer units(NTU) . Chad 

Randall Harris[10] studied experimentally design, fabrication, and testing 

of cross flow micro heat exchangers. The cross flow micro heat 

exchangers were designed to maximize heat transfer from a liquid (water) 

to a gas (air) for a given frontal area while holding the pressure drop across 

the heat exchanger of each fluid to values characteristic of conventional 

scale heat exchangers (car radiators). Used heat exchanger dimensions 

smaller heat exchanger length 2 mm diameter 0.2 mm and larger heat 

exchanger length 20 mm diameter 2 mm. Bansi D. Raja et al [11] 

investigated Many-objective optimization of cross-flow plate-fin heat 

exchanger. In that paper, a rigorous investigation of many-objective (four-

objective) optimization of cross flow plate-fin heat exchanger and its 

comparison with multi-objective (two-objective) optimization. 

Maximization of effectiveness and minimization of total annual cost, total 

weight and number of entropy.  



 

 

 

  

 

 

Chapter 3  

 

3. Basic Models of Heat exchangers  

3.1. Heat exchanger  

A heat exchanger is an apparatus designed to transfer thermal energy from 

a relatively hot fluid to a relatively cold fluid. Heat exchangers are widely 

used in refrigeration, air conditioning, heating, energy generation and 

chemical processing Figure 3-1.                                                                                         

  

 

Figure 3-1 The cross flow Heat exchangers 
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3.2. Types of heat exchanger:  

  

3.2.1. Double pipe heat exchanger 

In this type may be used counter flow or parallel flow with the hot or cold 

fluid occupying the annular space and the other fluid occupying the inside 

of the inner pipe 

3.2.2. Shell and tube heat exchanger 

In this type one fluid flows in the inside of the tubes while the other fluid 

is forced through the shell and over the outside of the tubes  

3.2.3. Cross flow heat exchanger: 

A cross-flow heat exchanger in which the hot liquid (water) is cooled 

down by the air flow on the surface of the radiator .for example used in 

the car (radiator).                                           

 In this configuration, heat transfer occurs between a flow of hot water 

and a flow of cool air circulating in an orthogonal direction with respect 

to each other. A cross flow heat exchanger is commonly used in air or gas 

heating and cooling application. In this heat exchanger the gas flowing 

across the tube is said to be a mixed stream,  while the fluid in the tube is 

said to be unmixed .The gas is mixed because it can move about freely in 

the exchanger as it exchanges heat. The other fluid is confined in separate 

tubular channels, while in the exchanger so that it cannot mix with itself 

during heat transfer process.  So that hot flow and cooled flow cross each 

other (crossed flow). This experiment serves as an introduction to the 

determination of a heat exchanger’s performance and calculation of the 

fundamental quantities involved in the operation of a heat exchanger, such 

as the heat exchanger’s overall heat transfer coefficient, number of 
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transfer units (NTU) and effectiveness by using this equation to determine 

the effectiveness and heat transfer  

 

3.3. Mathematical equations of cross heat exchanger:  

There are two different method to determine the heat exchanger Holman 

[12]                                               

3.3.1. Log mean temperature difference method:                                                            

the heat transfer between two fluids can be calculated from:  

𝑄 = 𝐹𝑇𝑈𝐴∆𝑇𝑙𝑚   

When : 

∆𝑇𝑙𝑚 =
∆𝑇2 − ∆𝑇1

ln( ∆𝑇2 ∆𝑇1)⁄
 

∆𝑇1 = 𝑇ℎ1 − 𝑇𝑐2 

∆𝑇2 = 𝑇ℎ2 − 𝑇𝑐1 

𝑃𝑜 =
𝑇𝑐2 − 𝑇𝑐1

𝑇ℎ1 − 𝑇𝑐1
 

𝑅 =
𝑇ℎ1 − 𝑇ℎ2

𝑇𝑐2 − 𝑇𝑐1
 

𝑋 =
𝑃𝑜. 𝑅 − 1

𝑃𝑜 − 1
 

𝑃 =
1 − 𝑋

1
𝑁𝑠ℎ𝑒𝑙𝑙

⁄

𝑅 − 𝑋
1

𝑁𝑠ℎ𝑒𝑙𝑙
⁄

                                                𝑓𝑜𝑟 𝑅 ≠ 1 

𝑃 =
𝑃𝑜

𝑁𝑠ℎ𝑒𝑙𝑙 − 𝑃𝑜 . (𝑁𝑠ℎ𝑒𝑙𝑙 − 1)
,                                         𝑓𝑜𝑟 𝑅 = 1 
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𝐹𝑇=

√𝑅2 + 1 ln[
1 − 𝑃

1 − 𝑅 ∗ 𝑃
]

(R − 12) ln[
2 − 𝑃(𝑅 + 1 − √𝑅2 + 1)

2 − 𝑃(𝑅 + 1 + √𝑅2 + 1)
]

 

 

Total heat transfer rate:                                                   

              

�̇�ℎ = �̇�𝑤 = �̇�ℎ𝑐ℎ(𝑇ℎ1 − 𝑇ℎ2)   

For hot fluid                                                     

 

�̇�𝐶 = �̇�𝑎 = �̇�𝑐𝑐𝑐(𝑇𝑐2 − 𝑇𝑐1) 

For cold fluid                                             

 

 

3.3.2. Effectiveness-NTU Method                                              

The effectiveness can be calculated form equation 

ε =
�̇�𝑎𝑐𝑡𝑢𝑎𝑙

�̇�𝑚𝑎𝑥

                                             

 

�̇�𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛(𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑖𝑛) 

In general, effectiveness can be defined as:  

𝜀 =
1 − exp [−𝑁𝑇𝑈 (1 −

𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
)]

1 −
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
exp [−𝑁𝑇𝑈(1 −

𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
)]
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  𝑁𝑇𝑈 =
𝑈𝐴

𝐶𝑚𝑖𝑛
                       ←        Number of transfers units of (HX) 

𝐶𝑚𝑎𝑥 = 𝑐ℎ�̇�ℎ                        𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 

𝐶𝑚𝑖𝑛 = 𝑐𝑐�̇�𝑐                                   𝑓𝑜𝑟 𝑎𝑖𝑟 

𝑐ℎ = 𝑐𝑤𝑎𝑡𝑒𝑟 = 4.2
𝐾𝐽

𝐾𝑔. 𝐾
 

𝑐𝑐 = 𝑐𝑎𝑖𝑟 = 1.005
𝐾𝐽

𝐾𝑔. 𝐾
 

𝑐ℎ𝑔𝑒𝑎𝑟𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑐𝑐 , 𝐶𝑚𝑎𝑥 = �̇�ℎ𝑐ℎ 

 

3.4. Validations:  

A log mean temperature difference method have been selected to calculate 

and validate the experimental heat transfer and temperature of water at 

outlet: 

For known temperatures (inlet of water and air) which are:  

𝑇ℎ1 = 36℃ 

𝑇𝑐1 = 27.1℃ 

For calculate the heat and the outlet temperatures, the outlet water 

temperature have been assumed to be: 

𝑇ℎ2 = 33℃ 

Then: 

∵ �̇�𝑤1 = �̇�𝑤 𝐶𝑝 ∆𝑇 

�̇�𝑤1 = 0.2486 ∗ 4.174 ∗ (36 − 33) 

Also: �̇�𝑤1 = �̇�𝑎1 

Then : �̇�𝑎1 = 3.112 𝐾𝑊 

�̇�𝑎1  = �̇�𝑎 𝐶𝑝 ∆𝑇 = 3.112 

3.112 = 0.77368 ∗ 1.005(𝑇𝑐2 − 27.1) 
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𝑇𝑐2 = 31.099℃ 

𝑃1 =
𝑇𝑐2 − 𝑇𝑐1

𝑇ℎ1 − 𝑇𝑐1
 

𝑃1 =
31.099 − 27.1

36 − 27.1
= 0.45 

𝑅1 =
𝑇ℎ1 − 𝑇ℎ2

𝑇𝑐2 − 𝑇𝑐1
 

𝑅1 =
36 − 33

31.099 − 27.1
= 0.75 

𝐹𝑇1 = 0.93                                                          

  

∆𝑇𝑚1 =
(33 − 27.1) − (36 − 31.099)

ln(33 − 27.1) /(36 − 31.099)
= 5.385℃  

∵ 𝑈𝐴 = 1.972
𝑘𝑤

𝑚2. ℃
 

�̇�𝑎𝑐1 = 𝑈𝐴 𝐹𝑇1 ∆𝑇𝑚1 

�̇�𝑎𝑐1 = 1.972 ∗ 0.93 ∗ 5.385 

�̇�𝑎𝑐1 = 9.88 kw = �̇�𝑤1 

𝑄𝑤1
̇ = 9.88 𝑘𝑤 = 0.2486 ∗ 4.174(36 − 𝑇ℎ2) 

 𝑇ℎ2 = 26.48  

𝑒𝑟𝑟𝑜𝑟1 =
(𝑇h2)2 − (𝑇ℎ2)1

(𝑇ℎ2)1
  

𝑒𝑟𝑟𝑜𝑟1 =
33 − 26.48

26.48
 

𝑒𝑟𝑟𝑜𝑟1 = 24.6% 

The percentage error is high; therefore, try and error have been used to get 

the correct answer as shown below: 

For the second iteration: 

𝑇ℎ1 = 36℃                                          

𝑇𝑐1 = 27.1℃                                        
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and the outlet water temperature have been calculated to become: 

𝑇ℎ2 =
26.48 + 33

2
 

𝑇ℎ2 = 29.74℃ 

Then:  

�̇�𝑤2 = 0.2486 ∗ 4.174(36 − 29.7) 

�̇�𝑤2 = 6.496 𝑘𝑤 = �̇�𝑎2 

�̇�𝑎2 =  6.496 = 0.77368 ∗ 1.005(𝑇𝑐2 − 27.1) 

𝑇𝑐2 = 35.45℃ 

𝑃2 =
𝑇𝑐2 − 𝑇𝑐1

𝑇ℎ1 − 𝑇𝑐1
 

𝑃2 =
35.45 − 27.1

36 − 27.1
= 0.94 

𝑅2 =
𝑇ℎ1 − 𝑇ℎ2

𝑇𝑐2 − 𝑇𝑐1
 

𝑅2 =
36 − 29.74

35.45 − 27.1
= 0.75 

𝐹𝑇 = 0.85    𝑓𝑟𝑜𝑚 𝑓𝑖𝑔(10 − 11)[12]  

∆𝑇𝑚2 =
(36 − 35.45) − (33 − 27.1)

ln  (36 − 35,45)/ (33 − 27.1)
= 2.25℃   

�̇�𝑎2 = UA 𝐹𝑇  ∆𝑇𝑚2 

�̇�𝑎2 = 1.972 ∗ 085 ∗ 2.25 

�̇�𝑎2 = 3.779  𝑘𝑤 = �̇�𝑤2                                                   

�̇�𝑤2 = 3.997 = 0.2486 ∗ 4.174(36 − 𝑇ℎ2) 

𝑇ℎ2 = 32.36℃                                

𝑒𝑟𝑟𝑜𝑟2 =
(𝑇ℎ2)3 − (𝑇ℎ2)2

(𝑇ℎ2)2
 

𝑒𝑟𝑟𝑜𝑟2 =
32.36 − 29.74

29.74
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𝑒𝑟𝑟𝑜𝑟2 = 8.81% 

For third iteration:  

Let :  

𝑇ℎ2 =
32.36 + 29.74

2
 

𝑇ℎ2 = 31.06℃ 

 

Table 3-1 percentage error 

No of 

iteration 
𝑇ℎ1 ℃ 𝑇ℎ2℃ 𝑇𝑐1℃ 𝑇𝑐2℃ % error 

1 36 33 27.1 31.099 ------- 

1 36 26.48 27.1 31.099 24.6 

2 36 32.36 27.1 35.45 8.81 

3 36 29.8 27.1 33.69 4.2 

4 36 31. 6 27.1 32.86 3.84 

5 36 31.12 27.1 33.61 2 

𝑇ℎ2 = 31.6℃  𝑓𝑜𝑟 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 

𝑇ℎ2 = 31.12℃  𝑓𝑜𝑟 𝑡ℎ𝑒𝑜𝑟𝑡𝑖𝑐𝑎𝑙      

�̇�𝑤 = 4.6695𝑘𝑤     𝑓𝑜𝑟 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙   

�̇�𝑤 = 5.064𝑘𝑤   𝑓𝑜𝑟 𝑡ℎ𝑒𝑜𝑟𝑡𝑖𝑐𝑎𝑙                                                        

𝑒𝑟𝑟𝑜𝑟 =
(�̇�𝑤)𝑡ℎ − (�̇�𝑤)𝑒𝑥𝑝

(�̇�𝑤)𝑡ℎ
 

=
5.064 − 4.6695

5.064
  

error =  7%     
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Chapter 4 

 

4. The Experimental work  

 

4.1. Introduction 

 

The design of the cross flow heat exchanger and its manufacture have 

been done in the laboratory of the heat transfer in mechanical engineering 

department/ College of Engineering/ University of Al-Qadisiyah as shown 

in Figure 4-1.  

 

 The main parts of the cross flow heat exchanger are: 

1- Radiator 

2- Fan 

3- Sensors 

4- Pump 

5- Heater 

6- Structure 

7-       Pipes 
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Figure 4-1 The experimental model 

 

4.2. The Basic Parts are: 

4.2.1. Radiator:  

It is a cross flow heat exchanger, which is using to cold the hot water 

temperature by using cold air. Consists upper used to inter the hot water 

and out cold water out from the bottom tank. The radiator has 41 tubes, 

it’s used to increase the surface area for purpose increase cooling by air. 

It is made from Aluminum and the dimensions of the radiator are: 

 Length=76cm 

Width =56cm 

The dimensions of tube 

Inlet diameter=2.2cm 

Outlet diameter=3.5cm 

Length of pipe=61cm                                                                                  

1 

2 

3 

4 

5 

6 

7 
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4.2.2. Fan: 

The fan operates based on generating pressure difference and thus 

displacing the air from the higher pressure point towards the lower 

pressure because of the blades movement. The maximum speed is 1280 

rpm. 

4.2.3. Sensors: 

The purpose of the sensors is to know the temperature of water in the 

radiator and air in two sides of the radiator, which is displayed by digital 

screen. 

Installing size: 

Panel size:64x31 mm . 

Hole opening size:58.4x24.7 mm   

 

4.2.4. Pump: 

 It have been used to pump the hot water from the hot tank to the radiator. 

The pump properties are: 

1-High temperature resistance (Tmax =110 C°), anti-fraying, high 

efficiency, high flow, leak tightness and low consumption. 

2-Super silent, environmental protection, aesthetics and ease of 

installation 

3-Built-in high sensitive electronic sensors with three-speed control. 

    

4.2.5. Heater:  

The electric heater transforms the electric energy into thermal energy, 

which is used to heat the water tank. The electric current is applied to a 

heat conductive material, which is highly resistant to electricity. The 

electrons in the material collide with the particles of the material. The 

collision results in thermal energy reflected on the molecules of the 
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material. This temperature is transmitted to water through the load 

currents. When the required water temperature is reached, the power is 

automatically disconnected from the heating coil. The capacity of heater 

is 3 Kw and the maximum temperature is 80 ℃.                                                                                                                                           

  

4.3. How to Link the machine: 

 

After collecting all basic parts, iron structure have been used and all parts 

installed on it. Firstly, linked radiator with fan by screws then a pump 

linked between radiator by pipes. Six sensor have been used to measure 

the temperatures. Two sensors at the inlet and the outlet of heated tank to 

measure the temperature of water and the other two sensors at the inlet 

and the outlet water flow in the radiator. Another two sensors have been 

used to measure the air temperatures before and after the fan. Finally 

completed the fabrication of cross flow heat exchanger and now it is 

placed in heat transfer laboratory in mechanical engineering department.     
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Chapter 5 

 

 

5. Results, Conclusions and Future 

Studies 

5.1. Results:  

 

When the water volume flow rate is 15L/min, Figure 5-1 shows that; the 

heat transfer increased when the mass flow rate of air increase.  In 

addition, that happened because when the velocity increases, the Reynolds 

number increases and that will increase the amount of air used to be in 

contact with the heat exchanger surface to reduce the heat. The maximum 

heat transfer is Q=4.6695kw at ma=0.77368kg/s. 

 

Figure 5-1 relationship between heat transfer and mass flow rate at 

volume flow of water 15L/min 
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Same behaviors can be seen when the water volume flow rate are 25L/min 

and 35L/min as shown in Figure 5-2 and Figure 5-3 respectively. The 

maximum heat transfer is Q=5.53kw at ma=1.057kg /s when the volume 

flow rate of water equal to 25L/min, that  becomes higher when the water 

volume flow rate is 35L/min (Q=5.8kw at ma=0.873kg/s). This state is not 

efficient because the volume flow rate of water is maximum thus the heat 

transfer at maximum velocity is reduced such as Q=4.841KW at 

ma=1.0025kg/s. 

 

 

Figure 5-2 relationship between heat transfer and mass flow rate at 

volume flow of water 25L/min 

 

 

Figure 5-3 relationship between heat transfer and mass flow rate at 

volume flow of water 35L/min 
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Figure 5-4 shows the effectiveness behavior with air mass flow transfer. 

When the mass flow rate of air increase, the effectiveness is decreases and 

that happened because, the relationship between the effectiveness and 

mass flow rate of air is inverse depending on the effectiveness 

relationship. The minimum effectiveness found equal to (εmin=60.5%) 

when the airflow rate (ma) equal to 0.91983kg/s. 

 

 

Figure 5-4 relationship between effectiveness and mass flow rate at 

volume flow of water 15L/min 

 

Figure 5-5 shows the same state at the volume flow rate of water 

(25L/min). the minimum effectiveness is  εmin =68%  at ma =1.057kg/s. 

 

 

Figure 5-5 relationship between effectiveness and mass flow rate at 

volume flow of water 25L/min 
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In general, the effectiveness decrease when the air flow rate increase, 

Figure 5-6 presented these effects at water volume flow rate equal to 

35L/min. The minimum effectiveness is εmin =71.7% at ma =0.873kg/s.   

 

 

Figure 5-6  relationship between effectiveness and mass flow rate at 

volume flow of water 35L/min 

   

5.2.  Conclusions 

The cross flow heat exchanger to transfer thermal energy from hot fluid 

to cold fluid have been studied theoretically and experimentally. Log 

mean temperature difference method have been used  to determine the 

heat transfer ,overall heat transfer coefficients this is depend to inlet and 

outlet temperature of the fluid and effectiveness .This result shows that;  

heat transfer increases when the mass flow rate of air increases. 

Furthermore, when the mass flow rate of air increase, the effectiveness 

decrease. 

 

5.3. Future studies 

The laboratory is improved through add the Arduino screen to display the 

test results on your computer. Use other types of heat exchanger. 
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 Through this project, it is possible to develop the knowledge of the 

engines you need from cooling by knowing the heat exchanger's 

efficiency and its cooling capacity. 
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