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Abstract  

  
    In this work, an experimental study has been done to expect the heat characteristics and performance of the 

forced-convection from a heated horizontal rectangular fins array to air inside a rectangular cross-section duct. 

Three several configurations of rectangular fins array have been employed. One configuration without notches and 

perforations (solid) and two configurations with combination of rectangular-notches and circular-perforations for 

two various area removal percentages from fins namely 18% notches-9% perforations and 9% notches-18% 

perforations are utilized.  The rectangular fins dimensions and fins number are kept constant. The fins array is 

heated electrically from the base plate with five different magnitudes of power-inputs. Five several air flow velocity 

into a duct are utilized. The influence of fin geometry, air flow velocity, Reynolds number and the surface heat flux 

on the heat-performance of forced heat convection have been simulated and studied experimentally. The 

experimental data indicates that the combination of 18% rectangular-notched and 9% circular-perforated 

rectangular fins array gave best forced heat performance in terms of average heat transfer coefficient about (25% - 

45%) and (7% - 20%) compared than solid and 9% notches with18% perforations fins array respectively. Five 

empirical correlations to predict the average Nusselt number for the 18% notches with 9% perforations rectangular 

fins array at wide range of surface heat flux are deduced. The present data are compared with previous works and a 

good closeness in behavior is noticed. 

  

Keywords: Fins array, circular-perforations, rectangular-notches, forced-convection, experimental study. 

 

 

1. Introduction  

       
The heat characteristics and performance 

enhancement is a very importance subject of 

thermal-engineering. In general, the heat 

transfer from heated surfaces are enhanced by 

increasing the coefficient of convection heat 

transfer between a heated surface and it’s 

ambient or by fins and fins array to increase the 

surface area of heat transfer or by both methods. 

The convection heat dissipation occurs in a 

several engineering and industrial applications. 

The importance applications are cooling of 

electronic and microelectronic components, 

high power chips, transformers, electrical 

motors, solar collectors, systems of energy 

storage. 

Toh and Ong [1] introduced an experimental 

investigation of forced heat convection from 

vertically fins array through a narrow duct with 

different air velocities. They suggested an 

empirical equation as a function of geometrical 

fin parameters and air velocities. Barhatte et al. 

[2] experimentally and numerically investigated 

and analyzed the natural heat convection over a 

rectangular fins array with and without notches. 

They utilized different notches types namely, 

rectangular, triangular and trapezoidal and multi 

heat inputs with constant dimensions of fins. 

They utilized the commercially available of 

fluent software version (6.3) to simulate the heat 

transfer from fins array to air ambient. They 

noted that more heat rate is transferred from 

triangular-notches fins array and found a very 

good agreement between experimental and 
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numerical results. Hossain et al. [3] 

experimentally investigated the natural and 

forced heat performance from an aluminum pin-

fin arrays. They utilized seven pin fins with 

constant diameter of 8.2 mm and constant 

length of 70 mm was distributed in-line and 

various air flow rate.  They concluded the 

forced convection heat transfer coefficient 43% 

greater than that free convection and they found 

the pin-fins increases the pumping power. 

Dhanawade et al. [4] experimentally studied the 

enhancement of forced convection heat transfer 

over a horizontal flat plate with three types of 

rectangular-fins array namely solid, square 

perforation and circular perforation. They used 

several sizes of perforations and different values 

of Reynolds number. They noted the size of 

perforation and Reynolds number has a larger 

effect on values of Nusselt number for both 

perforations type. Also, they observed the 

percentage of enhancement of the square-

perforated fins array is more than that of fins 

array with circulated-perforated. 

Sivasubramaniyam [5] achieved an 

experimental investigation for forced circular 

pin-fins array with multi fin spacing and two 

different distributions like in-line and staggered 

in both directions of stream-wise and span-wise 

and different rate of air flow. He observed the 

heat transfer rate is larger in staggered 

distribution of fins with that of fins in-line 

distribution. Also, he showed the average 

convection heat transfer coefficient increases 

than air flow velocity and Reynolds number 

increase. Wankhede and Meshram [6] 

introduced an experimental investigation for 

free and forced-heat convection over a 

rectangular fins-array with and without 

inverted-notches in a horizontal position. The 

effects of fin spacing, surface heat flux, 

percentage of notched area and air-flow velocity 

on the characteristics and performance of 

convection heat dissipation were studied. They 

studied the influence of the inverted-notches on 

single-chimney flow pattern. They illustrated 

that the coefficient of convection heat transfer 

increases as percentage of notched area 

increases about 25% to 75% for cases of 

inverted notches fins array than that cases of 

fins array without inverted notches in natural 

and forced-heat convection. Baqir et al. [7] 

experimentally studied the enhancement heat 

transfer and reduction of friction factor from 

staggered perforated pins fins array into a 

rectangular duct for wide range of Reynolds 

number. They are studied three types of pin fins, 

solid, horizontal-vertical perforations and 

horizontal-vertical-lateral perforations. They 

concluded the Nusselt number of pin fins 

includes horizontal-vertical perforations are 

11% larger than those of solid pins and with 

horizontal-vertical-lateral perforations pins are 

21% greater than those of solid pin fins. Mousa 

[8] presented an investigation of air flow 

characteristics and forced heat convection 

around different extended surfaces shapes like 

triangular, rectangular and wavy. He found the 

turbulence intensity of rectangular-extended 

greater than that of triangular and wavy-

extended for same dimensions. Mane S.N. and 

Mane S.S. [9] presented a review on 

enhancement of forced heat convection from a 

several configurations of the notches fins array 

like rectangular, circular, triangular, and 

trapezoidal. They concluded that more heat 

transfer is from triangular-notches fins array 

than that other configuration of notches fins 

array. Also, they noted the size of notch is very 

effects on heat transfer enhancement. Shehab 

[10] experimentally simulated convection heat 

transfer over rectangular and V-fins array. He 

illustrated that the V-fins array gave better heat 

performance about 20% larger than rectangular 

fins array. Shehab [11] experimentally studied 

the natural heat convection over rectangular fins 

arrays on a horizontal heated aluminum base-

plate to ambient air with and without 

rectangular-notches portions influence. He 

investigated multi parameters such as fins 

number, percentage of notch area from a fin and 

surface heat flux on the coefficient of 

convection heat transfer and Nusselt number. 

He observed that the heat convection 

performance for notch-fins array as coefficient 

of heat convection is 28% to 40% larger with 

solid-fins array. Mageswaran et al. [12] 

experimentally investigated the forced 

convection over perforated square pin fins array 

with staggered distribution inside a duct. They 

used five different numbers of perforations and 

three different diameters of perforations for pin 

fin. They concluded that the number and 

diameter of perforations effects on convection 

heat performance. Also, they found the best heat 

performance at the optimum perforated diameter 

(4 mm) and perforated number (3).   

The aim of present work is to introduce an 

experimental study for the forced heat 

convection over a heated horizontal rectangular 

fins array to ambient into a rectangular cross-

section air duct with nozzle-diffuser ends 

utilizing three different configurations of 
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rectangular-fins arrays, one configuration is 

solid and two configurations with combination 

of rectangular-notches and circular-perforations 

for different area removal percentages from fin. 

Also, the enhancement of forced heat 

convection using combination of notched and 

perforated fins. The influence of air flow 

velocity and surface heat flux are taken into 

consideration and studied.  

 

 

2. Experimental Test-Rig 

 
The experimental test-rig is designed and 

fabricated to cover the tests of present work as 

shown schematically and photographically in 

Figures (1a to 1c). It consists of air duct, 

rectangular fins array, air fan, digital voltage 

regulator and instruments of measurement 

namely, digital voltage-current reader, metal 

vane anemometer model (YK-80AM) to 

measure the inlet velocity of air flow in a duct, 

twelve-channels data logger thermometer and 

K-type of thermocouples wires.  

The rectangular fins array is manufactured 

from bright rolled aluminum plate as one piece 

with base-plate by CNC machine with 

dimensions of (130 mm length × 130 mm width 

× 3 mm thickness of base plate). It is electrically 

heated from a lower surface of base-plate using 

electrical heater wire is coiled around a thin 

sheet of mica and then is putted between two 

layers of mica have same dimensions of base-

plat with thickness of 0.4 mm to obtain an 

homogenous heating of fins array base-plate and 

ensured the complete insulated of electrical 

heater. 

The dimensions of rectangular fins are (130 

mm length × 26 mm height × 3 mm thickness).  

The fins array is housed in a 130 mm length × 

130 mm width × 4.5 mm depth rectangular-hole 

milled on the upper surface of thermo-stone’s 

slab (200 mm length × 200 mm width × 100 

mm thickness) to obtain a best thermal 

insulation and minimize the heat conduction 

losses from sides and lower of base-plate of fins 

array.  

The whole assembly is placed in a halfway 

of rectangular cross-section air duct with 

nozzle-diffuser ends. The air duct is 

manufactured from wood with thickness of 15 

mm and it’s of 1000 mm long with an internal 

width (w) of 230 mm and internal height (b) of 

100 mm, and the total length of duct with nozzle 

and diffuser ends is 1750 mm.   The front face 

of air duct is made of   6 mm thickness clear 

acrylic sheet. Multi-velocities air fan is fitted at 

the diffuser end of duct to provide a forced heat 

convection condition.  

The surface temperatures of the fins array are 

measured using five type-K calibrated 

thermocouples are fixed at various suitable 

positions in the lower surface of base-plate (four 

in corners and one in the center of base-plate). 

Another three same thermocouples are utilized 

to measure the temperatures difference at lower 

and sides of fins array base-plate to evaluate the 

heat conduction losses through a thermo-stone’s 

slab as shown in Figure (2). Plus two 

thermocouples to record the inlet and outlet air 

temperatures inside a duct.  

The conditions of steady state for all tests of 

present work are attained from 45 to 90 minutes 

depending on the electrical power input. The 

readings of thermocouples have been recorded 

when the temperatures difference between two 

readings is ± ≤ 0.5 oC within ten minutes 

approximately. Then, the surface temperatures 

of base-plate of fins array, air temperature into 

air duct, the voltage, and the current intensity 

passed to electrical wire heater are registered.  

 

 

 
 

a. Sketch of an experimental test-rig. 
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b. Photograph of an experimental test-rig. 

 

 
c. Photograph of an air duct. 

 

1. Air duct 2. Rectangular fins array  3. Air fan 4. Digital Voltage regulator  5. Digital voltage-current reader  

6. Metal vane anemometer  7. Twelve-channels data logger thermometer  8. Thermo-stone’s slab  9. Flat 

table.  
 

Fig. 1. Experimental test-rig.  

 

 

 
 

Fig. 2. Schematic diagram of fins array assembly 

with thermocouples positions.  

 

 

3. Calculation Procedures  

 
The present work is carried out for three 

different configurations of rectangular fins 

arrays namely, solid, with combination of 18% 

rectangular-notch and 9% circular-perforations 

and with combination of 9% rectangular-notch 

and 18% circular-perforations as shown in 

Figure (3). The rectangular fin dimensions are 

fin length (L)= 130 mm, fin height (H)= 26 mm 

and fin thickness (t)= 3 mm and fins number 

(N)= 6 are kept constant for all configurations of 

fins array. Table (1) illustrate the dimensions of 

fins arrays utilized. Five different of surface 

heat fluxes (q) values namely, 1479, 2958, 

4437, 5917  and  7396 W/m2 are utilized.                                    
The electrical power input (Qi) to the wire 

heater is evaluted as a product of voltage (V), 

current (I):  �� = � �                                                            … (1) 
It is transformed to heat energy and it 

transferred from a rectangular fins array to 

ambient air inside the duct by forced heat 

convection (Qcv) plus heat losses due to heat 

radiation (Qr) and heat conduction (Qcd) lower 

and besides fins array. Hence,   �� = ��� + ��+ ���                                     … (2)  

The loss of heat radiation between surfaces 

of polished rolled aluminum fins array with 

emissivity of ε = 0.05 and the air temperature 

inside a duct (T∞) is computed from Stefan-

Boltzmann law. The losses of heat conduction 

(Qcd) from lower and sides of fins array base-

plate across thermo-stone’s slab (200 mm length 

× 200 mm width × 100 mm thickness) with 

thermal conductivity of kt= 0.15 W/m.K  are 

calculated using Fourier’s law [13, 14]. 

Then, the forced-convection heat transfer (Qcv) 

can be evaluted as follows: ���  = � � − (�� + ���)                               … (3) 

Also, it is can be evaluted from Newton’s 

equation of cooling as [13, 14]:  ��� =  ℎ�� ��(���� − ��)                           … (4)  
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The   average   forced-convection    heat   

transfer coefficient (hav) can be evaluted as:           

 ℎ�� = � � − (�� + ���)   ��(���� − ��)                             … (5) �� = (�� + ��)/2                                           … (6) 

���� = ∑ ����� !"                                                 … (7) 

where, Ti and To are the inlet and outlet air 

temperatures respectively, Ts is the local surface 

temperature. 

As is the surface area of rectangular fins array, 

and it computed as follows:  

  -  Solid rectangular fins array, �� = ($% − &'$) + 2&($                            … (8)  
  - Combination of rectangular-notches and 

circular-perforations rectangular fins array, �� = ($% − &'$) + 2&*($ − +�, + -��./ … (9) 
where, 

L is the fin length (base-plate side), N is the 

fins number, t is the fin thickness, H is the fin 

height, n is the perforations number in one fin, 

An is the notch area and Ap is the perforation 

area, �, = $, (,                                                    … (10)  �� = 24 3%                                                       … (11) 

   The average Nusselt number (Nuav) based on 

the hydraulic diameter of the air duct (Dh) as 

characteristics length can be calculated as [4, 

15]: 

 &4�� = ℎ��  567�                                             … (12) 

The Reynolds number (Re) for the flow into a 

duct can with the hydraulic diameter (Dh) be 

expressed as [15]: 89 = 4 56:                                                      … (13) 

and the hydraulic diameter of rectangular cross-

section air duct is [15]: 

56 =  2 ; <(; + <)                                               … (14) 

where, 

u is the velocity of air flow in a duct, w is the 

internal width of duct and b is the internal 

height of duct.  

The air properties used in experimental 

calculations are taken at film temperature (Tf). 

It’s an approximation to temperature of the fluid 

into a convection boundary layer and evaluted 

as the arithmetic mean of average surface 

temperature (Tsav) and ambient air temperature 

inside a duct (T∞) in (K) [15].  

    The percent error (%e) is the ratio of absolute 

error to the actual value, and computed as: 

%9 = >�?@� − ����>�?@� A 100                          … (15) 

The mean relative squared-errors (MRSE) is 

evaluted as:  

B8CD =  E 1F − 1 G H�?@� − �����?@� I%J
� ! K

! %⁄
… (16) 

where, (Vexp) and (Vcor) are experimental and 

correlated values respectively, j is the data 

number.  

 

                     

 
 

 a. solid b. 18% rectangular-notches with 9% circular-perforations c. 9% rectangular-notches with 18% 

circular-perforations. 
 

Fig. 3. Configurations of rectangular fins array.  
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Table 1, 

Dimensions of fins array studied. 

Fins array 

Configuration 

Rectangular fin 

dimensions 

(L× H× t) mm 

Fins 

numbe

r 

Rectangular-

notch dimensions 

(Ln× Hn) mm 

Circular-

perforations 
dimensions(dmm×n) 

Surface          

area 

  (As) m2 

Solid 130× 26× 3 6 --- --- 0.0٥512 

18% rectangular 

notches-9% circular 

perforations 

130× 26× 3 6 84× 7 11.2× 3 0.0445 

9% rectangular notches-

18% circular 

perforations 

130× 26× 3 6   84× 3.5 11.2× 6 0.0445 

 

4. Results and Discussion 

 
The present work simulates experimentally 

effect of the fins configurations (solid, with 

combination of rectangular-notches and 

circular-perforations), the percentage of area 

removal from fin, surface heat flux and the air 

flow velocity on forced-convection heat 

performance of a heated horizontal fins array 

inside air duct. 

Figures (4a to 4c) illustrate behavior of the 

average forced heat convection coefficient 

versus surface heat flux for different 

configurations of rectangular fins array and 

different air velocities (u) ranging from 1.2 m/s 

to 3.6 m/s. They are clear that the average heat 

transfer coefficient (hav) gradually increases as 

surface heat flux (q) increases. Also, the average 

heat-transfer coefficient (hav) increases with 

increasing air flow velocity in the duct. 

Additionally, values of the average forced heat 

convection coefficient for 18% notches with 9% 

perforations rectangular fins array are larger 

about 25% to 45% than that solid fins array and 

larger about 7% to 20% than that 9% notches 

with 18% perforations rectangular fins array 

because of the combination of notches and 

perforations allow more fresh air comes inwards 

between fins channels and due to large increases 

in convection heat transfer coefficient. The 

notch of fin is removed from a non-effective 

part near of the stagnation zone of fin, while the 

perforations help to increase the turbulence of 

air flow into a duct and this, cause increases in 

forced-convection heat transfer rate from fins 

array surfaces.   

 

 
a. Air flow velocity, u= 1.2 m/s 
 

 
b. Air flow velocity, u= 2.4 m/s 

 

 
c. Air flow velocity, u= 3.6 m/s 
 

Fig. 4. Average forced-convection heat transfer 

coefficient versus surface heat flux for three 

configurations of rectangular fins array at five 

different air flow velocities, (u= 1.2, 2.4 and 3.6 

m/s). 
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Fig. 5. Average Nusselt number versus Reynolds 

number for surface heat flux, q= 1479 W/m2.  

 

 
 

Fig. 6. Average Nusselt number versus Reynolds 

number for surface heat flux, q= 7396 W/m2.  

 

 

Figures (5) and (6) show the behavior of 

average Nusselt number (Nuav) against Reynolds 

number (Re) for solid, 18% notches with 9% 

perforations and 9% notches with 18% 

perforations rectangular fins arrays at surface 

heat flux, q= 1479 and 7396 W/m2. It is 

observed that the average Nusselt number 

increases greatly with increasing Reynolds 

number for all cases studied because the surface 

temperatures decrease with increasing air flow 

velocity into a duct. Also it’s clear that the 

average Nusselt number values for 18% notches 

with 9% perforations rectangular fins array are 

larger than those of solid and 9% notches with 

18% perforations fins arrays. Hence, the best 

fins array is 18% notches with 9% perforations 

because the combination of notches and 

perforations which increases the forced-

convection heat dissipation rate and turbulence 

of flow into an air duct and allow more cold air 

enters between fins channels and contacted the 

fins array hot surfaces. Also, increasing the 

removed area of non-effective part from 9% to 

18% of fins area improves the forced-

convection heat performance. Furthermore, it’s 

observed that the average Nusselt number 

improves about 15% to 42% when the surface 

heat flux increases because the average heat 

convection coefficient increases with percent 

reach about 45% larger than those solid fins 

array. 

Figure (7) appears five correlations between 

average Nusselt number and Reynolds number 

for 18% notches with 9% perforations 

rectangular fins array for a multi-levels of 

surface heat flux (q) from 1479 W/m2 to 7396 

W/m2. It is clear that the average Nusselt 

number increases with increasing Reynolds 

number. The following five empirical 

correlations are concluded: &4�� = 5.3475(89)N.O!OP                          … (17) &4�� = 4.2607 (89)N.OPQR                         … (18) &4�� = 1.9742(89)N.POPS                           … (19) &4�� = 1.1661(89)N.T!!                            … (20) &4�� = 0.7885(89)N.TPRU                          … (21) 
Figures (8a and 8b) show a comparisons of 

the correlated average Nusselt numbers (Nuav-cor) 

with those experimental (Nuav-exp) for 18% 

notches with 9% perforations rectangular fins 

array at surface heat fluxes, q= 1479 W/m2 and 

7396 W/m2 using Eqs. (17) and (21) 

respectively. They are appear that the 

percentage error (e%) of the experimental 

values situated between +10% and -10% of 

correlated values for surface heat fluxes, q= 

1479 W/m2 and between +12% and -10% of 

correlated values for surface heat fluxes, q= 

7396 W/m2, and the mean relative squared-

errors (MRSE) are 0.145 and 0.187 respectively. 
 Furthermore, the test is carried out on a 

smooth air duct using the same base-plate 

without fins array. Then, the following 

empirical correlation is concluded: &4�� = 0.1522 (89)N.TRRP                         … (22) 
and compared with Dittus and Boelter [1٥], and 

Dhanawade et al. [4] correlations:  &4�� = 0.024 (89)N.U (VW)N.O                   … (23) &4�� = 0.015 (89)N.U!T                              … (24) 

This is valid for turbulent flow in a 

rectangular smooth air duct as shown Figure (9). 

It can be seen a good similarity in the behavior, 

but the present results gave values of average 

Nusselt number higher those done in Dittus and 

Boelter and Dhanawade et al. correlations 

because the different in duct dimensions, air 

flow velocity and surface heat flux levels.  

 

 



Saad Najeeb Shehab                   Al-Khwarizmi Engineering Journal, Vol. 15, No. 1, P.P. 35- 45 (2019) 

  

42 
 

 
 

Fig. 7. Analysis of present data for 18% notches-9% perforations rectangular fins array with concluded 

empirical correlations.  

 

 
a. Surface heat flux, q= 1479 W/m2 

 

 
b. Surface heat flux, q= 7396 W/m2 

 

Fig. 8. Comparison of the correlated average Nusselt numbers (Nuav-cor) with those of experimental (Nuav-exp) 

for 18% notches-9% perforations rectangular fins array. 

 

 
 

Fig. 9. Comparison of the present work for a smooth duct with Dittus and Boelter [1٥] and Dhanawade et al. 

[4] correlations. 
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5. Conclusions 

 
      The present work has achieved an 

experimental study of an electrically heated 

horizontal rectangular fins array inside an air 

duct subjected to forced-convection. Three 

configurations of rectangular fins namely, 

solid, combination of 18% rectangular-notches 

with 9% circular-perforations and combination 

of 9% rectangular-notches with 18% circular-

perforations are utilized with constant fins 

number and dimensions. The important 

conclusions can be drawn: 

1. The rectangular fins array includes 

combination of 18% notches with 9% 

perforations gave best forced heat 

performance in terms of average heat 

convection coefficient about (25% to 45%) 

and (7% to 20%) larger than those solid and 

9% notches with 18% perforations fins array 

respectively. 

2. Increasing of the removed area of non-

effective part (notches) from 9% to 18% of 

fins area improves the heat characteristics 

and gave maximum values of average heat 

transfer coefficient (hav -max= 126 W/m2. 

K) and Nusselt number (Nuav -max=592). 

3. The average Nusselt numbers increases 

strongly from 34% to 48% approximately 

with increases Reynolds numbers for all 

studied rectangular fins arrays.  

4. The average Nusselt number improves 

clearly about %15 to 42% with increasing 

surface heat flux for all studied cases. 

5. Five empirical correlations to predict the 

average Nusselt number for the 18% 

notches with 9% perforations rectangular 

fins array at wide range of surface heat flux 

are concluded. 

 

 

Nomenclature 
 

An notch area, (m2) 

Ap Perforation area, (m2) 

As surface area of heat transfer, (m2) 

b internal height of air duct, (m) 

d diameter of perforation, (m) 

Dh   hydraulic diameter of air duct, (m) 

h forced-convection heat transfer 

coefficient, (W/m2.K) 

H fin height, (m) 

Hn notch height, (m) 

I input current, (A) 

ka thermal conductivity of air, (W/m.K) 

L fin height (base-plate side), (m) 

Ln notch length, (m) 

N number of fins 

n perforations number 

Nu Nusselt number 

q surface heat flux, (W/m2) 

Qcd loss of heat conduction, (W) 

Qcv rate of forced-convection heat transfer, 

(W) 

Qi electrical power input, (W) 

Qr loss of heat radiation, (W) 

Re Reynolds number 

t fin thickness, (m) 

T∞ air temperature into a duct, (oC) 

Tf film temperature, (K) 

Ti inlet air temperature, (oC) 

To outlet air temperature, (oC) 

Ts surface temperature, (oC) 

u velocity of air flow, (m/s) 

V voltage, (V) 

w internal width of air duct, (m) 

 

Greek Letters  
 
ν kinematic viscosity, (m2/s) 

 

Subscript Symbols 
  
av average 
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 الخلاصـة 

  
ة مس$خنة ال$ى للتنب$ؤ ب$الأداء والخص$ائص الحراري$ة  للحم$ل الح$راري القس$ري م$ن مص$فوفة زع$انف مس$تطيلة أفقي$يتناول هذا البحث دراسة تجريبي$ة 

بة (ب$دون أش$كال مختلف$ة م$ن مص$فوفات الزع$انف المس$تطيلة، الش$كل الأول  يتض$من زع$انف ص$ل ةالهواء داخل مجرى مستطيل المقطع. أس$تخدمت ثلاث$
 %١٨نف$ة ه$ي، شقوق مستطيلة الشكل وثقوب دائري$ة الش$كل بنس$بتين مختلفت$ين للمس$احات المزال$ة م$ن الزع ن يتضمناناخرن الآشقوق وثقوب) والشكلا

م تثبي$ت أبع$اد الزع$انف وع$ددها لجمي$ع الح$الات. ت$م تس$خين مص$فوفة الزع$انف كهربائي$ا م$ن القاع$دة ت$ثقوب.   %١٨ -% شقوق٩ثقوب و  %٩ -شقوق
س$رعة جري$ان و ودراس$تها دمت خمس سرع لجريان اله$واء داخ$ل المج$رى . ت$م محاك$اة ت$أثير ش$كل الزع$انفبخمس قيم مختلفة من القدرة الداخلة. أستخ

يلة زع$انف المس$تطالهواء وعدد رينولد  والفيض الحراري للسطح عل$ى الأداء الح$راري للحم$ل القس$ري عملي$ا. أظه$رت البيان$ات العملي$ة  أن مص$فوفة ال
ً تعطي أداء حراري$  %٩ثقوب دائرية بنسبة و %١٨التي تتضمن شقوق مستطيلة بنسبة  ً قس$ري ا ارة بالحم$ل أكب$ر أفض$ل بدلال$ة مع$دل معام$ل أنتق$ال الح$ر ا

ثق$$وب. أس$$تنتجت خم$$س علاق$$ات  %١٨ش$$قوق م$$ع  %٩بمص$$فوفتي الزع$$انف الص$$لبة والمتض$$منة  ) مقارن$$ة%٢٠ -%٧) و (%٤٥ -%٢٥بح$$والي (
ورن$ت ق ،ثق$وب لم$دى واس$ع م$ن الف$يض الح$راري للس$طح %٩ش$قوق م$ع  %١٨ع$انف المتض$منة أرتباطية عملية للتنبؤ بمعدل رقم نس$لت لمص$فوفة الز

ً البيانات المقدمّة مع دراسات سابقة وأظهرت تقارب   في السلوك.  اً جيد ا

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


