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Abstract   

   This research presents a study of the thermal performance and pressure drop of a locally made plate 
heat exchanger at different design options and operating conditions. Three different configurations of 
plates were used in this study, corrugated longitudinally with angle β = 60°; corrugated with an 
inclination chevron angles β = 60° and β = 30°. Plate number indicated by number of channel, was 
varied, Nc = 2, 4 and 6, while the flow rate of working fluids cover a Reynolds number from 230 to 2000 
as well as input temperature of hot fluid varied from 46°C to 80°C.  Experimental results showed 
significant effect of chevron angle and Reynolds number on the overall heat transfer coefficient in 
contrast with effect of channel number. Overall heat transfer coefficients, Nusselt number, and friction 
factor were calculated and correlated in empirical equations for the three plates as a function of 
operating conditions.  

Keywords: Plate Heat Exchanger; Corrugated; Performance, Friction Factor. 

1. Introduction 

Energy is an essential matter for development and progress. The most important devices deals with energy 

are heat exchanger. Heat exchanger is a device in which energy is transferred from one fluid to another across a 

solid surface. Compact heat exchangers are characterized with its large amount of surface area in a given 

volume compared to traditional heat exchangers, in particular the shell-and-tube type. One of the most 

successful heat exchanger is the plate heat exchangers (PHE’s). The plate heat exchangers are widely used in 

warming, heating, cooling and many industrial applications. While PHE’s became popular for liquid-to-liquid 

heat transfer duties, their use of in phase-changing applications was not common initially. Before the 1990’s 

such applications were mostly in the fields of concentrating liquid food and drying of chemicals, Kumar, [1]. 

Applications in refrigeration systems were rare, mainly because of concerns over refrigerant leakage, and also 

because of the pressure limits required, especially on condensation applications. In the last two decades, this 

type of exchanger has been increasingly used in refrigeration systems, from domestic heat pumps to large 

ammonia installations for water-chilling duties. 

The corrugation inclination angle beside the number of plates has significant effect on the heat transfer and 

pressure drop performance. Zaleski, [2]. Bobbili et al. [3] carried out experimental investigation to find the 

flow and the pressure difference across the port of channels in a plate heat exchanger for a wide range of 

Reynoldʹs number 1000-17000. In their study, low corrugation angle plates have been used for different number 

of channels, namely, 20 and 80. Water has been used as working fluid for both hot and cold fluids. The pressure 

probes are inserted through the plate gasket into both the inlet and exit ports of the channel. The pressure drop 

was recorded at the first, the middle and the last channels for each plate package of the heat exchanger. Also, 

the overall pressure drop has been measured for various flow rates. The results indicated that the flow 

maldistribution increases with increasing overall pressure drop in the plate heat exchanger. Jogi Nikhil and 

Shailendra [4] studied the heat transfer for single phase flow (water-to-water) configurations in a corrugated 

plate heat exchanger for symmetric 45°/45°, 45°/75° chevron angle plates. The effect of variation of chevron 

angles with other geometric parameters on the heat transfer coefficient was studied. Reynolds number ranging 
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from 500 to 2500 and Prandtl number ranging from 3.5 to 6.5 had been taken for the experiment. Based on the 

experimental data, a general correlation was obtained for Nusselt number as a function of Re, Pr and chevron 

angle. Gulenoglu, et al. [5] used an experimental set-up, (chevron type gasketed plate heat exchangers) to 

investigate the thermal and hydraulic characteristics of three different plate geometries. Various numbers of 

plates, several flow rates and inlet and outlet temperatures values was varied, so that the Reynolds numbers 

(300-5000) and Prandtl numbers vary for all the plates that have 30
o
 of chevron angle. The experimental results 

showed that thermal and hydraulic characteristics where enhanced with decreasing plate size. Corrugation 

patterns and geometrical properties of the plates support the flow regime to become turbulent even in low flow 

rates and it enhances heat transfer between hot and cold parts of plate heat exchangers. 

Nilpueng and Wongwises [6] investigated experimentally heat transfer coefficient and pressure drop of 

water flow inside a plate heat exchanger with a rough surface and compared the data with that obtained from a 

smooth surface. Three commercial stainless steel corrugated plates with symmetrical chevron angle of 25
o
 were 

used. The water flow inside the plate heat exchanger is arranged for a single pass and counter flow. The test 

runs were performed at Reynolds numbers ranging from 1300 to 3200 and plate surface roughness ranging from 

0.936 µm to 3.312 µm. The experimental results showed that increase in surface roughness yields an increase in 

heat transfer coefficient between 4.46% and 17.95% and an increase in pressure drop between 3.90% and 

19.24% with compared to a smooth surface. Khan et al. [7] studied the heat transfer for single phase flow 

(water-to-water) configurations in a commercial plate heat exchanger for symmetric 30°/30°, 60°/60°, and 

mixed 30°/60° chevron angle plates. Experiments were carried out for Reynolds numbers ranging from 500 to 

2500 and Prandtl number from 3.5 to 6.5. Experimental results showed significant effect of chevron angle and 

Reynolds number on the heat transfer coefficient. Akturk, et al. [8] designed and constructed a gasketed-plate 

heat exchanger (GPHE) test set-up to perform experimental measurements for thermal and hydrodynamic 

performance analyses of plate heat exchangers. The experiments were performed on an industrial chevron-type 

plate heat exchanger under different flow conditions for a wide range of Reynolds numbers between (450-

5250). The temperatures at the inlet and outlet ports, the volumetric flow rates of the hot and cold fluids, and 

the pressure drops between the inlet and outlet ports were measured during the experiments. This study showed 

that every plate design needs its specific correlations for heat transfer and pressure drop calculations, since the 

specific correlations developed for the specific plates tested are different than those given in literature.  

Sing [9] performed performed on corrugated plate heat exchangers. The corrugated plates channel 

inclination angles for the parallel plates were varied from 0° to 80° with increments of 20° in order to determine 

the optimum configuration. The channel spacing was kept constant. The media used in both hot and cold 

channels were water at different temperatures. The flow rate of the hot water was kept constant while that of the 

cold water was varied. It was found that the rate of heat transfer increases for all the plate inclination angles as 

the flow rate of cold water is increased. The overall heat transfer coefficient was observed to be the highest 

value at 20° inclination angle. The low flow rates of the hot and cold fluids make it a unique study, as the two 

fluids get more time for heat transfer.  

The present analytical study aims to investigate the performance of heat transfer in PHEs for single phase 

flow (water-to-water) configurations at different design options and operating conditions. The performance 

analysis of the PHE was regarding the overall heat transfer coefficient, effectiveness and friction factor. To 

attain this goal, experiments were carried out at different operating conditions for three different plate 

configurations. 

2. Set-up and Procedures 

In order to conduct this study, experimental test facilities were constructed as presented in Fig. (1). It 

consists of two flow loops, hot and cold fluid loops. The two loops interact only through the plate heat 

exchanger. Water was used as the working fluid for both the hot and cold sides of the plate heat exchanger. The 

cold water at room temperature was supplied to the test facility from the cold water tank, while the hot water 

was provided by using four electrical heaters in the hot water tank connected with temperature controller. The 

chiller water was supplied to the plate heat exchanger with a temperature ranged from 20°C to 30°C depending 

on atmospheric temperature. The chiller water inlet and outlet were connected to the cold inlet and outlet ports 

of the plate heat exchanger through pipe connection fig. (2) Detailed sketch for the plate heat exchanger. 
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Fig. 1:  A Schematic diagram of the experimental set-up. 

  The pipe connections were designed to permit a change in the flow direction through the channels of the PHE 

(up-flow or down-flow) by changing the pipe connections with each other. For the hot water loop, 12 kW 

electrical heater (4 units each one 3kW) with a temperature controlling system were assembled in the hot water 

tank in order to give hot stream at the desired temperature. A circulating pump (0.5hp) was used to give the 

desired flow rate and circulate hot water in order to achieve mixing of hot water tank, the hot and cold water 

flow rates were measured using rotameters. Gate valves were used to control the cold and hot water flow rate. 

   Three laboratory-scale of plate heat exchanger have been designed each one consisted of 13 plates of 

galvanized steel with dimensions (30cm x 40cm) and thickness of 1.5mm. The different configurations of plates 

are, Model I: longitudinal corrugation angle β = 60°; Model II: corrugated with an inclination chevron angle β = 

60°; and Model III: corrugated with an inclination chevron angle β = 30° with a plate surface areas of 0.051 m
2
, 

0.046 m
2
 and 0.044 m

2
 respectively as shown in fig. (3). Experiments were carried out at different temperatures, 

flow rates for hot and cold fluids and using different number of plates to achieve variation in operating 

conditions and Reynolds number. The experimental measurements were treated to evaluate the performance of 

PHE regarding the overall heat transfer coefficient, effectiveness and pressure drop.                              
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                                                                     (A) 

   

(B) 

Fig. 2 (A, B):  A detailed sketch for the plate heat exchanger. 

 

3. Mathematical Analysis 

    All the data have been recorded under steady state conditions and the range of operating flow rate were taken 

to have Reynolds number from 230 to 2000. Primary measurements of inlets and outlets temperature of hot and 

cold fluids was used to evaluate the Nusselt number (Nu). The heat load of PHE is given by, 

AC is the channel cross 

section area  

s is the average channel 

space 

ω is the channel width. 

D is the equivalent diameter 

L is the plate length 

AC = s ω  

(s=D/2)  
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                                 Fig. (4.1): Three models of plate geometry, [I] 60° on the vertical line longitudinally,                          
             [II] Zigzag, 30° on the vertical line, [II] Zigzag, 60° on the vertical line. 

      

The overall heat transfer coefficient is given by, 

lmht TAN

Q
U


          (2) 

Where A is the heat transfer surface area of one plate, Nht is the number of heat transfer plate, Nht = N-2, where 

N is the number of total plates and ∆Tlm is the log mean temperature difference which is given by: 

 
   
    icohocih

icohocih

lm
TTTT

TTTT
T

,,,,

,,,,

ln 


        (3) 

For plate heat exchangers it is particularly difficult to calculate the average heat transfer coefficient, h, for hot 

or cold side required to find Nusselt number, khdNu e , because of difficulty of measuring the plate surface 

temperature. Therefore, studies in the literature use the overall heat transfer coefficient, U, where kUdNu e . 

 

Nusselt number was correlated as a function of Reynolds and Prandtl numbers as follow,  

  nbaNu PrRe          (4) 

Where a, b, n are constants, and n usually has values between 0.3 to 0.5.and Pr is the Prandtl number defined as, 

kC pPr . The properties, (Cp, k and µ) are determined at the mean bulk temperature of the fluids. 

The pressure drop is the second parameters that needs to be considered in the design and optimization of a plate 

heat exchanger. The total pressure drop across a plate heat exchanger consists of four different contributions: 

1. Pressure drop associated with the inlet and outlet manifolds and ports, ∆Pports. 

2. Pressure drop through the connection pipes, ∆Ppipe. 

3. Friction pressure drop within the core, ∆Pcore. 

4. Pressure drop due to the static water head (elevation change), ∆Pelevation. 

  elevationcorepipeportsoverall PPPPP 
       (5) 
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The elevation pressure drop (or rise, depending on flow direction) is due to the static water head, and is 

calculated by: 

  hgPelevation     Abdel-Kariem, A.H. [10]              (6) 

Where, ∆h is the water head, measured as the vertical distance between the upper and lower port centre line.  

The pressure drop through the connection pipes is calculated as, 

  
)/(5.0 2 dlufP pipepipe 
        (7) 

Due to short length between the pressure transducer and the PHE, its value was very small and can be 

neglected. The pressure drop in the manifolds and ports can be neglected, where large diameters of these 

connections are used.  The frictional pressure drop within the core is one of purposes of this investigation, and 

is usually by far the major part of the total pressure loss. The overall pressure drop across the PHE was 

measured using a mercury manometer as, Hgoverall ghP )( . 

Thus, the shear loss within the corrugated passage, the friction factor, can be calculated as, 

    LDuPf core /5.04 2    Abdel-Kariem, A.H. [10]              (8) 

4. Results and Discussion 

The results and discussions will cover two different subjects. The first one is the heat transfer calculations 

for three models of PHE at different operating conditions including variation of Re, Nc and working fluids 

temperature. The overall heat transfer (U), Nusselt number (Nu) and the effectiveness (ε) were calculated. The 

second one is the pressure drop (∆P) across the plate heat exchanger where temperature and flow of working 

fluids were varied as well as Nc in order to determine the friction factor (ƒ).  

4.1 Heat Transfer Characteristics 
Measurements of heat transfer rate and the performance of PHE are based on the temperature change 

through the unit. A series of tests were conducted at different mass flow rates of working to achieve different 

Re (By changing the flow rates, the Reynold number changes), input temperatures and Nc, for the different 

designed models I, II and III using counter current configuration, since it is more effective and recommended in 

heat exchanger operations especially at lower temperature. 
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Fig. (4): Overall heat transfer coefficient as a function of hot fluid Reynolds number for PHE Model I, Tc,in = 30°C, Th,in = 

60°C. 

 Figures (4&5) represent the overall heat transfer coefficient, U, as a function of Reynold’s number of hot 

stream and cold streams, respectively for the three different Nc at Th,in = 60°C and Tc,in = 30°C, where Nc is the 
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number of channels per pass, Nc = N-1/2,where N is the plates number  . It can be observed that when Nc 

increases from 2 to 6, U will decreases. This can be attributed that increasing Nc due to increasing plate 

numbers will increase the total surface area and decreases the heat flux (Q/A), in other way increasing plates 

number, the streams are divided into more channels and the cross section area will increases, so stream velocity 

decreases which has a negative effects on the individual heat transfer coefficients, hc and hh. The effect of 

surface area is more dominant than other effect when number of channels are varied. The overall heat transfer 

coefficient decreases from 110 to 80W/m
2
.°C when the channel number increases from 2 to 4 at hot fluid Re = 

600, and it decreases from 52 to 48 W/m
2
.°C at Re = 300 It can be observed that, U increases with Reynolds 

number but it decreases with the channel number, Nc.                                                                                          

       Figures (6&7) represent other experiment at Th,in = 80°C and Tc,in = 33°C and same behavior is obtained. 

Same results were published by many authors, Abdel-Kariem, A.H. [10] and I. Gherasim [11]. 

The heat transfer coefficient usually presented in a dimensionless form, Nusselt number, Nu. It is known 

that the value of Nu is affected by Reynolds number as well as physical properties of working fluids. However, 

in spite of having balanced flow rates, Reynolds numbers are not the same because of having different fluids 

properties due to different fluid temperatures. Therefore, for balanced flow rates, there are different Reynolds 

number and consequently different heat transfer coefficients on both sides of the plate. Figure (8) presents the 

experimental data of Nusselt number of hot side as a function of its related Reynolds number and different 

channel numbers for a particular case, Tc,in = 33°C, Th,in = 80°C as an example. It is clear that Nu increases with 

increasing Re and it has an inverse proportional with the channel number, Nc. 

Values of Nu were determined at different design and operating conditions, different input fluid 

temperatures, and fluids flow rates, sometimes both fluids have same flow rate otherwise have different flow 

rates. Results have the same effect as before corresponding to Re and Nc, the data not presented in figures but it 

will be used in correlating Nusselt number.  
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Fig. (5): Overall heat transfer coefficient as a function of cold fluid Reynolds number for PHE Model I, Tc,in = 30°C, Th,in 

= 60°C. 
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Fig. (6): Overall heat transfer coefficient as a function of hot fluid Reynolds number for PHE Model I, Tc,in = 33°C, Th,in = 

80°C. 

All Nu data were collected and formulated in a general empirical correlation as a function of Re, Pr and Nc as 

follows, 

      41.033.042.0 PrRe116.0  NcNu        (9) 
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Fig. (7): Overall heat transfer coefficient as a function of cold fluid Reynolds number for PHE Model I, Tc,in = 33°C, Th,in 

= 80°C. 
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Fig. (8): Hot side Nusselt number as a function of its related Re, PHE Model I, Tc,in = 33°C, Th,in = 80°C. 

Evaluation of the predicted correlation was made by comparing of the calculated and predicted values using 

45° line method as presented in Fig. (9), it appears approximately that all points fall onto and around the 45° 

line specially for lower values. This means convergence of the calculated and the predicted values.  
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Fig. (9): Comparison between calculated and predicted values of Nusselt number for PHE Model I, at different operating 

conditions. 

Same work has been done for the two other plate configurations Model-II and Model-III of the PHE. 

Approximately same effect of operating parameters on the overall heat transfer coefficient and Nusselt number 

has been obtained. By Same way data of Nusselt number are correlated in a general form as presented in Eqs. 

10 and 11. The predicted equations have high correlation coefficient R (R> 0.92) and hence it fitted the 

experimental data well. 

 Model-II:  38.033.046.0 PrRe057.0  NcNu       (10) 

 Model-III:  51.033.043.0 PrRe103.0  NcNu       (11) 

A comparison between the different designed models of PHE, Model I, Model II and Model III was done for 

two and six channels units. Figure (10) illustrates the change of Nu as a function of Re in the rage studied for 
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the three different models. The results showed the highest values of Nu was for Model I while the lowest values 

was Model II for the different channel number examined, thus the corrugation and its chevron angle has effects 

clear on heat transfer and the performance of the PHE. The corrugation with an inclination chevron angle β = 

30° is better than other with chevron angle β = 60° may be due to at lower β the transition from laminar to 

turbulent flow occurs at lower Reynolds number I. Gherasim (2011). 
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Fig. (10): Comparison between the different designed PHE for Nc = 2 and 6.  

 

4.2: Performance of PHE 

It is important to have a quantitative measure for the performance of heat transfer units. Based on fundamentals 

of thermodynamics, performance was presented in term of heat exchanger effectiveness (ε) defined as the ratio 

between the actual heat transfer and the maximum possible heat transfer, max/ QQ . 

The actual heat transfer can be achieved by an energy balance: 

   ohihhohihhp TTCTTmCQ ,,,,,        (12) 

   icoccicoccp TTCTTmCQ ,,,,, 
       (13) 

Where,  

 hph mCC ,   and    cpc mCC ,   

Thermodynamically, Qmax represents the heat transfer that would be obtained in a pure countercurrent heat 

exchanger with infinite area; this can be calculated according to the following:  

 icih TTCQ ,,minmax        Abdel-Kariem, A.H. [10]                       (14) 

Where, Cmin is equal to Cc or Ch, which one is smaller. 

Therefore, 

 
 icih

ohihh

TTC

TTC

,,min

,,




     Or,   

 icih

icocc

TTC

TTC

,,min

,,




       (15) 
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The effectiveness depends on the PHE configuration, the heat capacity ratio Cr, and the number of transfer 

units (NTU), Incropera and DeWitt [12]. The NTU is a dimensionless parameter that can be considered as a 

factor for the size of the heat exchanger, defined as: 

minCUANTU           (16) 

Therefore,  

 rCNTU  ,           (17) 

Where, Cr is equal Cc/Ch or Ch/Cc and depends on the relative magnitudes of their values. 

Effectiveness (ε) of the different designed PHE models was calculated at different operating conditions. 

Figures (11, 12 & 13) represent effectiveness for Models I, II and III, respectively, as a function of NTU. The 

three illustrated figures indicate that, effectiveness increases with increasing NTU with the same trend for all 

Models. Regarding the effect of Nc on the effectiveness, it has a significant effect with an inverse relation. 

Results of effectiveness obtained in this study have also the same trend, it increases with NTU and remains 

nearly constant at higher values of NTU. This agrees with the values obtained in literature. (Maiti and Sarangi 

[13]). 
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Fig. (11): Effectiveness as a function of NTU for PHE, Model I at different channel numbers. 

Comparing effectiveness for the three design models, values of Model I is higher compared with others, this 

confirm the previous results for overall heat transfer coefficient. For Nc = 2 at NTU = 0.4, values of ε was 0.72, 

0.62 and 0.65 for Model I, II and III respectively, but for Nc = 6 at NTU = 0.4, values of ε were 0.60, 0.55 and 

0.57 respectively. These results confirm that, the Model I has the best performance of the three models then 

Model III and followed by Model II.    

4.3 Pressure Drop 

Pressure drop through the plate heat exchanger, total pressure drop (∆Ptotal) was measured at different flow rates 

and channel numbers. The measurements were carried out under isothermal conditions, where only cold water 

at the room temperature (around 25°C) was supplied to the exchangers. The measured pressure drops are 

plotted against the Reynolds number (Re) presented in Fig. (14) 
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Fig. (12): Effectiveness as a function of NTU for PHE, Model II at different channel numbers. 
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Fig. (13): Effectiveness as a function of NTU for PHE, Model III at different channel numbers.  

 

Fig. (14): Pressure drop for the three designed models of PHE as a function of Reynolds number.  
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It is clear that the pressure drop increases continuously with Reynolds number as well as channel number. 

Increases of channel number due to increases number of plates (in order to enhance the heat duty) will produce 

more resistance to the flow and give higher pressure drop. The high effect of Reynolds number on pressure 

drop becomes more pronounced at higher plate number. Corresponding to PHEs with six channels, the model 

design becomes effective at Re > 110, where Model I gives higher pressure drop compared with other models. 

This agrees with the surface area of plate where model I has the highest surface area and hence highest friction 

compared to other types.    

The experimental data for pressure drops is presented as a friction factor "f " according to Eq. (8). Figure 

(15) represents friction factor as a function of Reynolds number for the three designs. It can be observed that 

approximately values of friction factor are the same for all models. 

Results reveal that, friction factor has higher values at lower Reynolds number and it decreases with increase 

of Re and the loss friction factor in case of Nc=2 is smaller than that of Nc=6 due to thr higher velocity 

associated with the lower Nc.  
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Fig. (15): Friction factor as a function of Re for the three design models of PHE at different Nc.  

5. Conclusions 

A detailed study has been presented to investigate thermal performance and pressure drop across a plate heat 

exchanger at different design and operating parameters. Three models of plates, longitudinal corrugation with β 

= 60°; corrugated with an inclination chevron angle β = 60°; and other one with chevron angle β = 30° were 

used in this study. The experiments were carried out for a wide range of mass flow rates of working fluid to 

achieve Re up to 2000. Overall heat transfer coefficient presented in dimensionless form, Nu, are calculated and 

correlated by an empirical equation for each configuration of the PHEs as: 

    Model-I: 41.033.042.0 PrRe116.0  NcNu   

 Model-II:  38.033.046.0 PrRe057.0  NcNu  

 Model-III:  51.033.043.0 PrRe103.0  NcNu   

Number of channel (Nc) has a significant effect on the effectiveness, where Model I has the highest value 

compared to other. Models the total pressure drop across the heat exchanger is found to critically depends on 

flow rate and channel number: increased with the increase of the total number of plates. Increasing Reynolds 

number results in lower friction factors. The Results from this work will be useful for the design of PHEs for 

wide range of mass flow rates of. 
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NOMENomenClature  

A Effective heat transfer surface area(m
2
) 

Cr Heat capacity rate ratio, Cmin/Cmax                                         β 

ƒ Friction factor   

∆h The water head (m) 

k Thermal conductivity (W/m
2
.K) 

Nc Number of channels per pass  

Nu   Nusselt number  

NTU Number of transfer units  

∆P Pressure drop (N/ m
2
) 

Q Heat load (W) 

q Flow rate (m
3
/s) 

Pr Prandtl number  

Re Reynolds number  

T Temperature (
o
C) 

U           Overall heat transfer coefficient  

             (W/ m2.K) 

u Mean velocity through the connection pipe (m/s) 

 

 

Greek symbols 

         Corr            corrugation inclination angle relative  

            to flow direction, chevron angle  

        Water density at bulk temperature 

(kg/m3) 

π           Dynamic viscosity (kg/m.s) 

           Thermal effectiveness 

Subscripts 

b Bulk  

c Cold fluid 

h Hot fluid 

i Input 

o output 

max maximum 

min Minimum 

Superscripts 

n        prandtl number in Nusselt number 

correlation 

Abbreviations 

GPHE         Gasketed plate heat exchanger 

PHE            Plate heat exchanger 
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 حول التصميم واالستخدام األفضل ألجهزة التبادل الحرارى ذات األلواح فى العمليات الصناعية

طه ابراهيم فراج, محمد زكريا عبدالوهاب , صفاء على مصطفى   

 

 :الملخص العربى

ية تشغيلوية تصميمظروف السطحى المصنوع محليا عند الحرار  لمبادل وكذلك الفقد فى الضغط ل داء الحرار االيقدم هذا البحث دراسة عن 

06 ميل بزاوية خطى : ادالت الحراراية السطحية فى هذه الدراسة وهمثالثة انماط من المبتم استخدام وقد . مختلفة
o
06ومموج بزاوية  

o
أخر و 

06زاوية ب
o
 قنوات 0,  4,  2التى يمر فيها سائل التشغيل حيث تغيرت كالتالى بعدد القنوات  االيها شارالمستخدمة معدد االلواح تم دراسة تأثير  . 

كما أنه تم دراسة تاثير درجة . 2666الى  206من حيث تغير رقم رينولد معدل السريان ؤثر على يوالذ  بدوره  لألنواع المختلفة من األلواح

يتناسب طرديا مع رقم رينولد على  أوضحت النتائج أن معامل انتقال الحراره الكليوقد  .مئويةدرجة  06الى  40من حرارة دخول المائع الساخن 

رقم  ,(U)تم نمذجة النتائج المتحصل عليها فى صورة معادالت رياضية  لكال من معامل انتقال الحرارة الكلى . دد القنواتالعكس من تأثير ع

 .مختلفةكدوال فى ظروف التشغيل ال (f)ومعامل األحتكاك  (Nu)نسلت 


