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  الملخص

تـــم دراســـة اســـتخدام صـــخور نینیفایـــت الـــسیلیكیة كمـــادة مجففـــة فـــي أنظمـــة التبریـــد والتكییـــف 
العــراق، ومقارنــة أدائهــا مــع منظومــة تبریــد انــضغاطیة تعمــل / المقترحــة فــي أجــواء مدینــة الموصــل 

مـن أجـل خفــض تكلفـة المنظومـة المقترحـة فقــد اسـتعملت مـادة تجفیــف . عنـد نفـس الظـروف البیئیــة
لیــة تــدعى بالــسیلیكیا جیــل المحلیــة كبــدیل لمــادة الــسیلیكیا جیــل المنتظمــة والمــستوردة المــستعملة مح

الـــسیلیكیا جیـــل المحلیـــة استخلـــصت مـــن صـــخور الننیفایـــت المنتـــشرة . عـــادة فـــي دوالیـــب الانثـــالبي
ًملیـا العراق وقد تم إیجاد بعض الخواص الفیزیائیة والحراریـة لهـذه المـادة ع/ جنوب مدینة الموصل 

  .ومن ثم مقارنتها بخواص السیلیكیا جیل المنتظمة المستوردة
 

Abstract 
The performance of a proposed air conditioning system under the 

weather of Mosul city / Iraq has been studied and compared with that of 
the vapour compression system operating at the same condition. For the 
purpose of reducing the cost of the proposed system, a local desiccant 
material called local silica gel was used as an alternative to the regular 
density silica gel which is usually used in the enthalpy wheels. This 
material was extracted from Ninivite rocks available at south of Mosul 
city / Iraq. Some of the Physical and thermal properties of this material 
were experimentally determined and compared with those of the regular 
density silica gel. 

 
Introduction 

The demand for electric power is increasing overall the world 
particularly during summer season when the demand for electric power 
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reaches its peak(1). Most certainly, quite high proportions of the generated 
power during summer will be used by building air conditioning systems. 
One of the most suggested solutions to the problem of peak load in 
buildings is reducing the electric power consumed by the air conditioning 
systems. Such systems are based on the idea of controlling the 
temperature and relative humidity of the conditioning space available. 
The use of desiccant cooling system insures the desiccation of the air 
before entering the vapour compression system and guarantees a 
reduction in the electric power consumption.  

This process is usually done by inforsing the air through desiccant 
wheel(2) where as the desiccant material. The most material used for this 
purpose is the regular density silica gel(3) (RDSG), which characterized 
by the high ability to adsorb humidity from the air or releasing humidity 
to the air when it passes through the wheel as a result of the differences in 
the water vapour pressure between the air and the desiccant material. 
However, in our investigation the natural local silica gel (LSG) named 
Ninivite silica rocks(4) will  be used instead of RDSG. Fortunately, it was 
reported that silica gel occurrs naturally in large masses in our country. 
Numerous occurrences of silica – rich rocks named Ninivite(5) have been 
described for the first time from the Miocene of northern Iraq, Figure (1). 
Ninivite silica rocks are considered of great industrial importance(6) due to 
their a high silica content, low bulk density, and high porosity. 
 
Experimental 

Ninivite silica rocks, which are obtained from areas around Mosul 
city / Iraq, were used as a starting materials for the preparation of the 
local desiccant material sample following procedures reported recently(7). 
The purified silica sample as well as the industrial one were studied using 
several chemical analysis methods to determine their chemical 
compositions (8). 

Moreover, physicochemical properties also were determined like 
density, porosity, water absorption capacity. And specific surface area, 
which was determined by ethylene glycol method (9).  

Testing the performance of the proposed system under the weather 
conditions of Mosul city / Iraq, was done with different designing and 
operating specifications. Such technical test was performed using the 
properties of the local desiccant material and the regular density industrial 
silica gel in weather of Mosul city in two cases, the ventilation and 
mixing mode. 

 
Results  and discussion 

Chemical composition of Ninivite silica rocks existing south of 
Mosul city studied for the first time in 1989 (5). This study explained that 
the most important constituents of this rock with their percentage ratios 
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were as follows: crystalline and amorphous silica (94.6 %), alunite 
(0.7%), oxides (1.03 %) and sulfates (0.3%). This rock was identified 
from its high porosity, surface area, capillary action, and adsorption 
capacity besides its low density, Table (1). The appearance of adsorption 
in these rocks is attributed to its containing of amorphous silica which is 
about 45%. 

It is obvious that the present study involves several stages in term of 
air conditioning system which include the enthalpy wheel. The aim of 
adding the enthalpy wheel is to dehumidify the air before passing through 
cooling coil to reduce the latent load. The total moisture removed from 
the supply air can be measured from the conditions of the air leaving the 
enthalpy wheel. Thus the task of the present model of the enthalpy wheel 
is to asses the conditions of the air coming out from wheel (humidity ratio 
and temperature). Figure (2) shows the transient humidity ratio profiles 
(humidity ratio with respect to time) using silica gel as desiccant material 
with a fraction of (20%), the wheel rotates at normal rotational speed of 
20 revolution per minute. It appears that a maximum change in humidity 
ratio value would be at the first point (the supplied air coming out from 
the wheel following its first cycle), due to the high effect of initial 
conditions in the first cycle. On the contrary, the supply air will get 
humidity from the saturated desiccant layer. This explains why the 
humidity ratio of the supply air leaving the enthalpy wheel following the 
first adsorption period is higher than the humidity ratio of the air entering 
the wheel. Figure (3) shows the relationship between the rotation speed at 
the enthalpy wheel and specific dehumidification power of both regular 
density silica gel wheel and local silica gel wheel. From this figure the 
similar behavior of the enthalpy wheel rotation speed in dehumidification 
effectiveness can be seen. An increase in the enthalpy wheel rotation 
speed leads to an increase in the specific dehumidification power, and 
maximum increase will be at low speeds.  

Also it can be pointed out that the value the specific 
dehumidification power of the local silica gel is higher than that of the 
regular density silica gel, though dehumidification effectiveness of the 
latter is the highest. This can be attributed to the low density of the local 
silica gel (pd = 490 Kg / m3), compared to that of regular silica gel, which 
is (pd = 720 Kg/m3). Therefore, the local silica gel mass used in the 
enthalpy wheel will be much less than the  regular silica gel  mass at the 
same wheel sizes. For example, the desiccant material mass used in the 
local silica gel wheel is 17.36 kg compared to the 28.35 kg used in the 
regular one, if a desiccant layer thickness was kept constant in both cases 
at 0.3 mm. since specific dehumidification value is a converse proportion 
with desiccant material mass, therefore the value of the specific 
dehumidification power in the local silica gel wheel will surpass that of 
the regular silica gel wheel. 

4  
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Finally, it would be useful to note here the effect of desiccant layer 
thickness on dehumidification efficient which is shown in figure (4). For 
example, an increase in the desiccant layer thickness from 0.1mm to 
0.2mm will lead to an evident increase in surface area through changing 
the wheel size, and an increase in dehumidification effectiveness nearly 
by 1.57% with regular density silica gel wheel, and nearly by 3.16% with 
local silica one. Whereas, an increaser in the desiccant layer thickness 
from 0.5 to 0.6mm lead to an increase of about 0.53% and 0.64 in 
dehumidification effectiveness respectively. These results agree with 
those achieved by Niu & Zang (10) . 

 
Conclusion 

An air conditioning system suitable for dry and hot weather as that 
of Mosul city / Iraq has been suggested. This system contains enthalpy 
wheel as one of its constituents. The desiccant material used in the 
enthalpy wheel is a local silica gel, which is extracted from the Ninivite 
rock available south of Mosul city / Iraq. Physical properties of the local 
silica gel were experimentally found and compared with those of the 
regular density silica gel. These properties were used in the simulation of 
the proposed system which showed the accuracy of the suggested models. 
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Table (1): Physical properties of silica samples 

Sample Density 
kg/m3 

Porosity 
% 

Water 
absorption 

% 

Surface 
area  
m2/g 

Specific 
heat  

KJ/ kg.k 
Ninivite rocks 712 45.8 61 765.7 - 
Natural amorphous silica 400 136 183.7 363 1090.71 
Industrial silica gel 500 114.5 233.6 830 921 
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