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ABSTRACT 
 

This paper reports an analysis of riverbed sand as heat exchange medium for use in evaporative cooling 

storage system in different climate characteristics. Evaporative cooling operates using water and air as 

working fluids. It consists in water evaporation, through the removal of water moisture from the skin outer 
wall surface of the structure by the adjacent dry air (flowing or stationary), thus decreasing the air 

temperature that is in immediate contact with the structure. It was found that sand with larger grading (size) 

discharges less amount of water and that the granulated limestone has the largest grading of between 0.3 mm 
and 5.0 mm and discharges less amount of water. This shows that the particles are much more compacted than 

for other sands tested. The fine sand range (0.063mm to 0.6 mm) registered large flow rate or discharge. It 
therefore has a high permeability, the highest concentration time of 265 seconds and is the best type of sand to 

be used. From thermal properties tables for sand, finer sands have less density than the sandstone (Challawa 

type) and lime stones of the same volume. This is an important parameter for design purposes. This system has 
a great potential to provide storage facilities for fruits and vegetables especially in places where air humidity 

is low or during periods of low humidity. This type of climatic condition is obtainable in most parts of 

Northern Nigeria.  

 

SIGNIFICANCE: The Research provides 

information about heat and mass transfer processes 

and thermal design principles necessary for using 

wet sand as heat and mass transfer medium or „heat 

exchanger‟. 

KEYWORDS: Porosity, Permeability, Riverbed 

Sand, Heat Exchanger, Evaporative Cooler 

 

1.0 INTRODUCTION 

 
The use of evaporative cooling technology for 

storage systems has increased as an alternative to the 

conventional mechanical systems (Achalabi, 1996). 

A typical system combines a sand-filled annular  that 

must be wet (water-saturated), with direct or indirect 

evaporative systems, creating appropriate 

temperature, and humidity conditions that provides 

suitable environmental storage space in equatorial 

and tropical climates. This system displaces use of 

electrical power from national grid. Northern parts of 

Nigeria are situated in regions where the latent heat 

percentage is high or where the needed air dew point 

is low. Evaporative cooling consists in the use of the 
water evaporation or other fluids in the presence of a 

draught, with a consequent cooling of the air or the 

structure with which the air is in contact. Although 

its thorough study and research is not common in 

Nigeria, evaporative cooling systems have a great 

potential to provide farm produce storage facilities in 

places where the wet bulb temperature is low. 

Demonstration projects involving use of evaporative 

cooling structure as stores are built by Nigerian 

Stored products Research Institutes. Generally 

Evaporative cooling equipment can be of the direct 

evaporative cooling (DEC) type or indirect 

evaporative cooling (IEC) type. Direct evaporative 

cooling equipment cool the air by direct contact with 

a liquid surface or with a wet solid surface, or even 
with sprays (Camargo et al., 2000). So, in a DEC, 

water is vaporized in the airstreams and the heat and 
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mass exchanged between air and water decrease the 

air dry bulb temperature (DBT) and increase its 

humidity, keeping constant the enthalpy, the 

minimum temperature that can be reached is the wet 

bulb temperature (WBT) of the inlet air. 

The effectiveness of an evaporative cooler is the rate 

between the real decreasing of the dry bulb 

temperature and the maximum theoretical decrease 

that the dry bulb temperature could be if the cooler 

was 100% efficient and the outlet air was saturated. 

In this case, the outlet dry bulb temperature would be 

equal to the wet bulb temperature of the inlet air. To 

an ideal evaporative cooler the dry bulb temperature 

and the dew point might be equal to the wet bulb 

temperature.  

 

2.0 MATERIALS AND METHODS 

2.1 Materials 

The study analyses river-bed sand for the use in the 

evaporative cooler. In the current study, the 

definition of the sand can be deduced from Table 1.  

 

Table 1: Soil Types and Grading 

 

Soil Types Size (mm) 

Gravel >2.00 

Sand 2.00 – 0.05 

Silt 0.05 – 0.005 

Clay <0.005 

 

The Basic hydrology testing machine in the Civil 

Engineering Laboratories, Bayero University, Kano 

was used to carry out the experiment. It is a bed of 2 

m by 1m in size into which sand samples are put. At 

one end of the bed, a device for adjusting the spray 

discharge rate with nozzles is placed overhead the 

bed on the sand sample. It is calibrated in litres per 

minute (l/min) with the range of 0 to 15l/min and has 

5l/min graduation. There is also a knob for 

controlling the spray. Below the sand bed, at the 

extreme, opposite end is a metering device 

measuring the discharge calibrated in litres per 

second (l/sec). As the control knob is turned 

following a power input into the system, 

concentration is gradually increased in the sand bed 

and after about 5 seconds it is in turn discharged 

through the weir. 

2.2 Methods 
The natural hydrograph theory is adapted in this 

experiment. The hydrograph of base flow is near to 

an exponential curve and the quantity at any time, t, 
is represented very nearly by Graig (1978). 

 

Q t Q eo

t( ) 
    (1) 

 

Where: Qo is discharge at start of period,   is 

coefficient of medium and e is the base of the natural 

logarithms. 

 

The hydrograph actually shows the rate of flow with 

respect to time making it adaptable for this study. 

That is, the rate of flow of water through various 

sand grades can be deduced leading to the empirical 

knowledge of behaviour of water flow through sand, 

and consequently characterizing the properties of 

mass transfer in sand particles. The volume of the 

saturated sand is found by measuring the volume for 

a certain concentration; say (15 l/min). When this 

concentration point is reached, the appropriate knob 

is turned off immediately which also means, as the 

first drop of discharge leaves the weir below the bed. 

Then, the dripping fluid is collected in an external 

container until it completely drains from the sand 

bed.  

Underneath the sand bed is another container for 

collecting discharged fluid. The volume of the water 

therein was calculated by multiplying the breadth by 

the height and width of the rectangular container, 

before and after the operation. The volume of water 

in the saturated sand mixture is also obtained by 

finding the difference between these two volumes. 

Three different riverbed sand samples were tested. 

The samples are from two River-Bed locations (in 

Kano) and the third is gravel. The field sample 

(riverbed sand) was laboratory-treated before 

transferring the sample into the basic hydrology 

system. 

The sample was first soaked in a bucket ¾ full of 

water. The water was then mixed with ten drops of 

Hydrogen Peroxide solution and was allowed to stay 

for 15 minutes for uniform concentration 

distribution. The sand sample was then thoroughly 

washed and the foreign particles, which settled on 

top of the solution, were skimmed off. The sand 

sample at this point was washed four times (this is 

not limited to four times) until the water above the 

sand was adequately clear and the sand below clearly 

seen. After this, the moist sand was poured onto a 

clean pavement and was allowed to dry for three 

days. The average temperature recorded during the 

period of this treatment was 27
o
C. This clean sand 
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was then ready and tested for particle size 

distribution (sieve analysis) and there after poured 

into the basic hydrology system. 

Procedure for sieve analysis involves determining 

the percentage by weight of particles within the 

different size ranges. The particle size distribution 

was therefore determined by the popular method of 

sieving. The soil sample was passed through a series 

of standard test sieves having successively smaller 

mesh sizes. The weight of soil retained in each sieve 

was determined and the cumulative percentage by 

weight passing each sieve was then calculated. 

From the 200 g each of samples washed, 150 g were 

placed in testing sieves of various millimetres of 

pore size. The sieves were then vibrated in an 

electrically driven shaker for ten minutes. The 

electrically driven shaker was vertically positioned. 

The same procedure was repeated for all samples and 

the results are given below.   

The apparatus are composed of a basic hydrology 

system, shaker and sieve assembly. The dimensions 

of the simple hydrology system are 200 cm as length, 

100 cm as width, and 15cm as height. From the 

dimensions given the volume of the sample container 

is therefore 300,000 cm
3
. The volume of the water 

used is 8558.55 cm
3
.  

Thermal properties of sand particularly thermal 

conductivity is difficult to estimate, because the 

properties depend on the volumetric water content, 

mineral composition, porosity, dry density, and 

temperature (Farouki 1986). The reasons for using 

riverbed sand in this study may not be unconnected 

with the fact; they are monograde at a particular 

layer of the river bed, have good porosity, and are 

very sharp. The result shows that the river-bed sand 

is suitable for the heat exchange medium, because of 

their characteristics.  

 

 

 
                         

 

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Results 
Presented below are the tabulated results of the sieve 

analysis for the three samples of soil (Tables 2, 3 and 

4). The sieve sizes and the mass of the sand retained 

in the sieve are clearly indicated. The results for the 

hydrograph analysis are presented after that of sieve 

analysis. 

 
 

 

Table 2: Watari River-Bed Sand Sample (Total mass of sample is 150 g) 

 

S/N Mass Retained (g) Sieve Size 

(mm) 

1 0.00 5.0 

2 0.00 3.35 

3 0.00 2.0 

4 0.00 1.18 

5 1.00 0.6 

6 1.00 0.435 

7 2.00 0.300 

8 4.5 0.212 

9 22 0.150 

10 117.5 0.063 

11 7 Receiver 

 

 

 

 

 

 

 

 

 
Aliyu, A.B. and Sambo, A.S. (2012). pp.100 - 109. 

102 



Journal of Engineering and Technology (JET) Vol. 7, No. 1 & 2 August 2012 

Table 3: Challawa River-Bed Sand Sample (Total mass of sample is 150 g) 
 

S/N Mass retained (g) Sieve Size (mm) 

1 0.0 5.0 

2 0.0 3.35 

3 2.0 2.0 

4 2 1.18 

5 4 0.6 

6 8 0.425 

7 25 0.300 

8 37 0.212 

9 25.5 0.120 

10 3.5 0.063 

11 3.5 Receiver 

 

Table 4: Granulated Gravel Mix Sample (Total mass of sample is 150 g) 

 

S/N Mass retained (g) Sieve Size (mm) 

1 3.5 5.0 

2 18 3.35 

3 38 2.0 

4 36.5 1.18 

5 42 0.6 

6 6 0.425 

7 1.5 0.300 

8 0 0.212 

9 0 0.150 

10 0 0.063 

11 0 Receiver 

 

 

3.2 Sieve Analysis 
3.2.1 Watari river-bed sand sample: The method 

used in the analysis for sand grain size distribution, 

using the data presented in Table 2, is outlined 

below: 

 

i) Gravel Size Grading Range mass of gravel 

retained = mass retained by the 2.00 mm Sieve 

= 0 g percentage of gravel in this sample = 

100
sampleofmasstotal

obtainedgravelofmass
                                  

= 0.0% 

 

ii.  Coarse Sand Size Grading Range Mass of coarse 

sandza retained = Mass retained from 1.18mm to 

0.6mm sieve = 1g percentage of Coarse sand  = 

100
150

1
 = 0.6 % 

iii.  Medium Sand Size Grading Range mass of 

medium sand retained = mass retained between 

0.6mm to 0.212mm Sieve = 9.5g percentage of 

medium sand = 100
150

5.9
  = 6.3% 

iv.  Fine Sand Size Grading Range mass of fine sand 

retained = mass retained between 0.150mm to 

0.063mm Sieve = 139.5g percentage of fine sand 

= 100
150

5.139
  =93% 

v.  Silt and Clay Size Grading Range mass of silt 

and clay retained = mass retained by the 

Receiver = 7g percentage of silt and clay = 

100
150

7
  = 4.7% 

 

3.2.2 Challawa River-bed sand Sample: The 

method used in the analysis for sand grain size 
distribution, using the data presented in Table 3, is 

outlined below: 

i. Gravel Sand Size Grading Range mass of 

gravel retained = mass retained by 2.00mm 

Sieve = 2g  percentage of 
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gravel in sample = 

100
sampleofmassTotal

gravelofmass
 

              = 100
150

2
  = 1.3% 

 

ii.  Coarse Sand Size Grading Range mass of 

coarse sand retained = mass retained from 

1.18mm to 0.6mm Sieve = 6g percentage of 

coarse sand = 100
150

6
   = 4% 

iii.  Medium Sand Size Grading Range mass of 

medium sand retained = mass retained 

between 0.6mm to 0.212mm Sieve = 74g 

percentage of medium sand = 100
150

74
  = 

49.3% 

iv.  Fine Sand Size Grading Range mass of fine 

sand retained = mass retained between 

0.150mm to 0.063mm Sieve = 29g 

percentage of fine sand = 100
150

29
  = 

19.3% 

v.  Silt and Clay Size Grading Range mass of 

silt and clay retained = mass retained by 

Receiver = 3.5g  percentage of silt and clay  

= 100
150

5.3
  = 2.3% 

3.2.3 Granulated Gravel Mixed: The method used 

in the analysis for sand grain size distribution, using 

the data presented in Table 4, is outlined below: 

i. Gravel Size Grading Range mass of gravel 

retained = mass retained between 5.00mm to 

2.00mm Sieve = 59.5g percentage of gravel 

in sample = 100
sample of mass Total

gravel of mass
  

           = 100
150

5.59
  = 39.7% 

ii.  Coarse Sand Size Grading Range mass of 

coarse sand retained = mass retained 

between 1.18mm to 0.6mm Sieve = 78.5g 

percentage of coarse sand in sample = 

100
150

5.78
  = 52.3% 

iii.  Medium Sand size Grading Range mass of 

medium sand retained = mass retained 

between 0.6mm to 0.212mm Sieve = 49.5g 

percentage of medium sand in sample = 

100
150

5.49
 = 33% 

iv.  Fine Sand Size Grading Range mass of fine 

sand retained = mass retained between 

0.150mm to 0.063mm = 0.0g percentage of 

fine sand = 0.0% 

 

Silt and Clay Size Grading Range mass of silt and 

clay retained = mass retained by the Receiver = 0g 

percentage of silt and clay = 0.0% 

 

3.3. Hydrograph Analysis 
The experimental results of the three samples of sand 

using the basic hydrology system are given below: 

3.3.1 Watari Fine Sand:  Concentration time at 

15l/min Precipitation (Spray Intensity) was observed 

to be 265 seconds, while the peak flow rate time at 

15 l/min was 80 seconds (Tables 6, 7 and 8). The 

flow discharge for the sand was observed to have a 

linear relationship with time (Figure 3). 

 

 

 

Table 6: Hydrograph analysis increasing 

discharge results for Watari sand 
 

S/N Increasing 

Intensity (l/min) 

Increasing Weir 

discharge (l) 

1 3 0.035 

2 5 0.062 

3 10 0.17 

4 15 0.29 

 

 

 

 

Table7:  Hydrograph analysis decreasing 

discharge results for Watari sand 
 

S/N Decreasing 

Intensity 

(l/min) 

Decreasing 

Weir Discharge 

(l/sec) 

1 15 0.26 

2 10 0.16 

3 5 0.06 

4 3 0.035 
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Table 8: Concentration and precipitation for 

Watari sand 

 

S/N Time of 

Flow (sec) 

Discharge 

(l/sec) 

1 10 0.035 

2 17 0.062 

3 47 0.17 

4 80 0.29 

5 72 0.26 

6 44 0.16 

7 17 0.06 

8 10 0.035 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Graph of flow discharge versus time for Watari River-bed san 
 

 

3.3.2 Challawa Medium Sand: Concentration Time 

at 15 l/min precipitation (intensity) was observed to 

be 245 seconds, while the peak flow rate time at 15 

l/min was 60 seconds (Tables 9, 10 and 11). The 

flow discharge for the sand was observed to have a 

linear relationship with time (Figure 4). 

 

Table 9: Hydrograph analysis decreasing 

discharge results for Challawa sand 

 

S/N Decreasing 

Intensity (l/min) 

Decreasing Weir 

Discharge (l/sec) 

1 15 0.25 

2 10 0.16 

3 5 0.05 

4 3 0.025 

    

 

 

Table 10: Hydrograph analysis increasing 

discharge results for Challawa sand 

S/N Increasing 

Intensity (l/min) 

Increasing Weir 

Discharge (l/sec) 

1 3 0.025 

2 5 0.04 

3 10 0.145 

4 15 0.25 
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Table 11: Concentration and precipitation for 

Challawa sands 

 

S/N Time of Flow 

(sec) 

Discharge 

(l/sec) 

1 6 0.025 

2 10 0.04 

3 35 0.145 

4 60 0.25 

5 38 0.16 

6 12 0.05 

7 6 0.025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.4: Graph of Flow Discharge Versus Time for Challawa River-bed Sand 

 

 

3.3.4 Granulated Gravel Mix:   Concentration 

Time at 15l/min intensity was 165 seconds and the 

peak flow rate time at 15l/min was 40 seconds 

(Tables 12, 13 1nd 14). The relationship between the 

flow discharge and time is presented in Figure 5.  

 

Table 12: Hydrograph analysis increasing 

discharge results for gravel mix 

 

S/N Increasing 

Intensity (l/min) 

Increasing Weir 

Discharge (l/sec) 

1 3 0.025 

2 5 0.04 

3 10 0.145 

4 15 0.25 

 

 

 

 

Table 13: Hydrograph analysis decreasing 

discharge results for gravel mix 

 

S/N Decreasing 

Intensity (l/min) 

Decreasing Weir 

Discharge (l/sec) 

1 15 0.25 

2 10 0.16 

3 5 0.05 

4 3 0.025 
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Table 14: Concentration and precipitation results 

for gravel mix 

S/N Time of Flow 

(sec) 

Discharge 

(l/sec) 

1 0 0 

2 8 0.02 

3 19 0.045 

4 40 0.095 

5 21 0.05 

6 11 0.025 

7 0 0 

 

 

 

 

 

 

 

 

 

 

 

 

  
                          Figure 5: Graph of Flow Discharge versus Time for Gravel 

 

3.4 Discussion of Results 
From the results of the Watari sand sample test, the 

highest percentage recorded was for fine sand, 

which is 93%. Watari river-bed sand therefore is a 

fine grade. The Challawa river-bed sand is in the 

medium sand distribution, because it was found to 

be 49.3%. The case of mixed gravel (granulated) 

has the highest range value type of 52.3% and this 

automatically represents the coarse sand type 

followed by the medium sand range of 33%. The 

granulated limestone sample is therefore mostly 

coarse sand, with quantifiable amount of medium 

sand. 

From the experimental results it was observed that 
sand with large grade or size discharges less 

amount of water. For this case, the granulated 

limestone has the largest grading of between 5.0 

mm to 0.3 mm and discharges less amount of 

water during the testing for permeability on the 

Basic Hydrology System. This shows that the 

particles are much more compacted than for other 

tested sand samples. The fine sand (0.063 mm to 

0.6 mm particle size) had large flow rate or 

discharge. It also has a high permeability, the 

highest concentration time of 265 seconds and thus 

may be the best type of sand to be used as the heat 

exchange medium.  Its small grain size shows that 

it has higher porosity than the two other types of 

sand tested. Porosity is the amount of air space in a 

soil. There are two types of porosities (1) the 

Water Holding Porosity (WHP) and (2) the Total 

Porosity (TP) of a soil (Tyndall and Kunkel, 1999). 
From thermal properties tables for sand, finer 

sands have less density than the sandstone and 

limestones of the same volume. Comparing the 

thermal diffusivity of fine sands to that of 
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sandstone and limestone, it can be seen that 

sandstone can release more heat to the 

surroundings than fine sand or limestone. The 

sandstone can therefore be the best suitable porous 

material for evaporative cooling systems, followed 

by fine sand and lastly limestone. This is inline 

with the observation that thermal conductivity of 

sand decreases with decrease in particle size 

reported by David (1996). The curves in Figures 3 

to 5 confirm the monograde nature of the 

characterized river bed sand since the increasing 

and decreasing discharging concentrations follow 

the same paths on the graphs.  

 

4.0 CONCLUSION 
 

The experimental results show that sand with 

larger grading (size) discharges less amount of 

water. For this case, the granulated limestone has 

the largest grading of between 0.3 mm and 5.0 mm 

and discharges less amount of water when tested 

for permeability on the basic hydrology system. 

This shows that the particles are much more 

compacted than for other sands tested alongside 

this grade. This indicates that sand particles with 

higher grades may not be efficient in the 

evaporative cooling systems as the rate of 

evaporation will be reduced as a result of high 

percentage packing of the coarse sand particles and 

the reduced rate of evaporation of fluid into the 

surrounding. The fine sand range (0.063 mm to 0.6 

mm) gave large flow rate or discharge. It therefore 

has a high permeability, the highest concentration 

time of 265 seconds and thus may be the best type 

of sand to be used as heat exchanger for 

evaporative cooling.  Its (fine sand grade) small 

grain size shows that it has higher porosity than the 

two other types of sand tested. From thermal 

properties tables for sand, finer sands have less 

density than the sandstone (Challawa type) and 

lime stones of the same volume as reported by 

David (1996). This is an important parameter for 

design purposes. Comparing the thermal 

diffusivity of fine sands to that of sandstone and 

limestone, it can be seen that sandstone releases 

more heat to the surroundings than fine sand or 

limestone. Sandstone may therefore be the most 

suitable porous material for porous cooling 

systems. This is followed by fine sand and then 

limestone.  
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