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Abstract: This article is devoted to the research of heat-and-moisture transfer in operating area of grinding and
drying unit (GDU). Preliminarily grinded up and defatted animal wastes (meat and bone tankage) with 39%
moisture content were the subject for drying with simultaneous grinding. Feed meal particles of animal origin were
the product dried (9-10% moisture) and grinded up (2-3 mm). There were detected the main factors having effect on
the air-lift drying process acceleration with the simultaneous impact-splitting grinding. Change in size of the
processed material particles was analyzed in 3 sections of operating area of GDU. In the 3rd section of operating area
of GDU the particles with the size of 20 mm (60,1%) dominated. In the 2nd section of operating area of GDU the
particles with the size of 10 mm (50,1%) dominated. In the 1st section of operating area of GDU the particles with
the size of 2,7 mm (90,2%) dominated. Change of temperature and moisture content in the particles of raw product
and meal of animal origin has been researched in 3 sections of operating area of GDU. In all 3 sections of operating
area of GDU the temperature of the material particles under drying in center is lower than on surface but moisture
content is higher. Experiment showed that there was no overheat of minor grinded up particle in the developed GDU
thanks to swirling flows appearing at interaction of drying agent with the material under drying.
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process (physical and chemical) which shall provide
not only preservation of quality indicators of material
but in some cases the enhancement of these indicators
[10-11]. Currently the analysis of the drying
equipment research [12-14] allows making conclusion
that drying process combination with grinding in one
unit is the effective instrument of the drying quality
enhancement and intensification in production of the
feed meal of animal origin [15] because of extension
of the phase contact surface, lowering of the moisture
transfer diffusion resistance that makes it possible to
increase the velocity of heat-and-mass exchange
significantly. Besides, drying combination with the
grinding enhances the uniformity of the products'
thermal processing per factions and allows deep
enough dewatering of the material [16].
Drying process combination with grinding is
a promising research area. That is the reason for
considering the detailed study of the drying process
with grinding and improvement of GDU at animal

1. Introduction
Enhancement of the meat and dairy products
quality and growth of its amount significantly depends
on development of feed industry aimed at possible to
the fullest extent meeting needs of agricultural
animals and birds in the nutrient rich and biologically
active substances.
Feed meal of animal origin is one of the
complete components of feed stuff. In increase of feed
meal production the use of all kinds of non-edible
materials, wastes and condemned products of the meat
processing enterprises and households are of special
importance [1]. Dry feeds of animal origin fill the
deficiency of the protein substances in vegetal feeds
and enhance their accessibility [2-4]. They are
characterized by their higher nutrient and feed value
[5-8].
Drying processes are widely used in industry
and agriculture [9]. In technological flow diagram of
the animal feed meal production the drying is the most
important process. Drying is a complex engineering
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feed meal production as the scientific
technological objective of great current interest.
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and

methods: selection of samples and techniques of the
animal feed meal testing according to the effective
standard [19]; selection and preparation of samples
and bacteriological analysis of the feed meal of animal
origin according to the effective standard [20].

2. Material and Methods
Targets of research are: phases of the drying
process with the grinding in GDU preliminarily
grinded up and defatted animal wastes (meat and bone
tankage), feed meal of animal origin.
To study the combined process of dryingand-grinding with occurring events of chemical and
physical nature, regularities of the heat-and-mass
transfer and factors effecting the drying-and-grinding
process the technique of system analysis carried out
according to the methods of mathematic simulation of
engineering processes developed by the school of
V.V. Kafarov was applied [17].
Determination of the operation modes of a
drying-and-grinding installation (GDI) was executed
by means of control and measuring devices: air
temperature in different places of experimental
installation was measured by chromel-copel
thermocouples one of which operated with the
possibility to maintain the preset temperature (tda) at
the input to GDU. Thermocouples were connected
with the potentiometer of TSPU 9313 I type (03000С). Adjusting and measuring the velocity of
drying agent (Vda) delivery was carried out by drying
gate and rotary meter. Clearance (  [delta]) between
striking and baffling elements was provided by means
of the adjustment of baffling elements. Rate of the
striking elements' (n) rotation was changed by means
of change wheels. To measure the time a stopwatch
with accuracy class of ±1 s was used. To measure the
electric energy consumption electric, three-phase,
multi-range counter with accuracy of 2,0 was used. To
measure the power the kilowatt meter with accuracy
class of 1,5% was used.
Evaluation of granulometric or fractional
composition of the grinded feed meal particles was
executed using the sieve method. Screen analysis was
executed by sifting the material samples through a set
of standard sieves with meshes the size of which was
successively diminishing from top to down. As a
result the material was divided into the classes or
fractions in each of which the particles differ in their
sizes. When sieving some part of material the particle
sizes of which are smaller than the mesh sizes pass
through the sieve (fraction - d, or through), the other
part with more coarse particles remained on the sieve
(fraction + d, residue, or tailing). Measurement of the
raw product an animal meal was made by means of
fine chromel-copel thermocouples. Measurement of
the raw product moisture content was made by means
of the moisture meter.
Appraisal of the feed meal of animal origin
quality [18] was executed using conventional
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3. Results
One of the principle directions of increase of
the heat-mass exchange processes' effectiveness at the
wet materials' drying is the use of high-temperature
gas heat-transfer media. Drying in the medium of high
temperature heat-transfer agents' media makes it
possible to use higher initial temperatures of the heattransfer agent; high local rates of the drying agent as
well as swirling gas flows; combination of techniques
and combination of different processes in one unit. In
different fields of industry the air-lift drying of
disperse materials having the advantage of high
intensity at comparatively simple design solution of
equipment gets spread-wide application [21].
Hierarch structure of system analysis of the
air-lift drying process with simultaneous grinding of
the feed meal particles includes five levels. First and
second levels of hierarchy of the system analysis of
the combined process of drying and grinding at the
feed meal production pose the analysis of the subject
under drying and grinding on the atomic-molecular
level, research of the heat and moisture transfer in the
single particle of feed meal, physical-chemical,
thermophysical and hygroscopic capacities of the
subject under drying and grinding. The third, forth and
fifth levels of hierarchy structure of system analysis are
considered to be a basis for design solutions at
calculation and development of GDU and detection of
the main factors effecting the drying process with
grinding at the feed meal production. Here, the
mechanical processing operation required for grinding
and mixing should be understood; work consumed for
heating the drying agent delivered to GDU; work
necessary to transfer the heat to the GDU space, the
finished product with the used agent carrying over from
GDU; vortex and thermal agitations carried with the
input flows of drying agent and intensive mechanical
motion of the blend composition processing subject.
These phenomena in the unit space bring the heat and
mass flows which form the fields of the heat-and
moisture transfer in GDU. Vortex and heat flows in the
GDU space have significant effect on the particles'
distribution on the unit level, quality of its grinding, i.e.
fractional composition of particles, time of the material
particles drying in GDU and the finished product
efficiency.
The result of system analysis of the air-lift
drying process with simultaneous grinding at
producing the feed meal of animal origin consists in
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setting the following main characteristics having
significant effect on the drying process intensification:
- extension of the contact area of the
dewatered processing subject interaction with a drying
agent;
- use of the entire surface of the processing
subject for combined action with the drying agent;
- rise of the drying agent temperature nonoffensive for quality characteristics of the finished
products;
- rise of heat transfer from the drying agent to
the processing subject as a result of acceleration of the
drying agent moving to GDU within tolerable limits;
- increasing the frequency of mechanical
impact effect on the process subject aiming at
acceleration of heat-and mass exchange with output of
the finished products of standard granulometric
composition.
Basic researches were carried out in GDI
forming part of the processing line of production of
the animal feed meal [22]. In accordance with the figure
1 there were presented the sections (1, 2, 3) of the
GDU operating area where on the shaft 4 the series of
the rotatable striking elements 5 interchanged with
bushing 6. GDU acts as a part of GDI. According to
figure 2 the raw product was fed in GDU 1 where it
was subject to grinding by series of rotatable striking
elements and stationary baffling elements. With the
raw product particles' movement the horizontal line of
GDU the raw product particles were multiply grinded
up under impact of rotatable striking elements.
Through other inlet nozzle the hot air pumped by the
fan 2 through the electric heating unit 3 was delivered
directly to the operating area. This very hot agent
captured the air particles and carried them to the
cyclone 4 by means of exhaustion created by fan 2.
Coarse particles failed to go through the lattice meshes
on the output from GDU were deposited to the area of
grinding where they were subject to re-grinding. In the
cyclone 4 the end product and the used drying agent
separation took place. Then the drying agent, over one
cycle through the water remover 5 returned to the
heating unit 3 where it was heated again and sent for
drying. In addition, in air ducting after fan 2 the
nozzle 6 with flue damper was installed for additional
air delivery. Dried and grinded product through the
sluice valve 7 of the cyclone 4 was discharged to the
tare 8. In the course of experiments the drying gate 9
and rotary meter 10 were installed on air duct for
regulating and measuring the velocity of drying agent
delivery. Temperature of air in different place of the
experimental installation was measured by chromelcope thermocouples Т1, Т2, Т3, one of which Т1
operated with the possibility of automatic maintenance
of the preset temperature 11 on the output of GDU 1.
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Thermocouples
were
connected
with
the
potentiometer 12 of TSPU 9313 I type (0-3000С).

Figure 1 – Operating area of drying-and-grinding
unit . A – drying agent; S – raw product; Tf+G –
solid phase+gas; 1, 2, 3 – sections of operating
areas of the GDU; 4 – shaft; 5 – striking elements;
6 – bushings

Figure 2 – Diagram of drying and grinding
installation. 1 - GDU; 2 - fan; 3 – electric heating
unit; 4 - cyclone; 5 –water remover; 6 - nozzle with
flue damper for air delivery; 7 – sluice valve; 8tare; 9-gate; 10-rotary meter; 11 – automatic
maintenance of preset temperature; 12 potentiometer; Т1, Т2, Т3 – thermocouples
Research of the air-lift drying with the
simultaneous grinding of the feed meal particles
showed high intensity of this technique with provision
of the mass transfer increase. Gas flows in the drying
chamber are distributed so as the finished product is
timely brought out from the area of thermal
processing. The product is in the area of high
temperatures only for a few seconds that excludes
possibility of the initial material overheating and
provides preservation of biological value. Technical
result of the developed unit consists in the enhancing
the quality of the raw product drying and grinding due
to uniformity of the temperature and moisture fields'
distribution in the unit at separate delivery of the raw
product and drying agent that reduces the energy
consumption and provides obtaining the high quality,
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biologically valuable feedstuff. GDU provides
uniformity of the grinded material pieces; the grinded
particles' removal from the operating area; possibility
of the grinding degree regulating; possibility of easy
replacement of fast-wearing parts. Original solution of
GDU provides maximum surface of the heat-and mass
transfer in the area of high temperatures. Active
hydrodynamic mode intensifies the drying process.
Thanks to close-together arrangement of all
subassemblies and parts the general layout is
simplified that makes it possible to minimize its
dimensions and mass.

the size of 15 mm, 13,2% of particles had the size of
20 mm, 10% of particles had the size of 5 mm, 6,7%
of particles had the size of 2,8 mm. In section 1 of
GDU operating area 2,7 мм, 7,2% of particles had the
size of 5 mm, 1,4% of particles had the size of 2 mm,
1,2% of particles had the size of 10 mm. The finished
product poses the mixture of particles of practically
uniform composition (95,4% particles with the size of
2-3 mm; insufficient quantity, i.e. 4,6% of particles
with the size of less than 2 mm). Grinding of splitting,
breaking and striking action dominates in the unit.

4. Discussions
In the process of operation in the inner space
of GDU the particles of the processed raw materials of
different sizes from х [iks] to х [iks] +dх [iks] the
surfaces and sizes of which are changed in the period
of time throughout the sections of operating area of
GDU. Size of particles of the preliminarily grinded
and defatted wastes of animal origin (meat and bone
tankage) before loading to GDU constituted 30 mm.
Change of sizes of the processed material particles
throughout the sections of operating area of GDU is
presented in accordance with figure 3. It is seen from
the graphic dependencies that grinding leads to the
peak of particle sizes change curve displacing in
direction to fine fractions. In section 3 of GDU
operating area 60,1% of particles had the size of 20
mm, 17,3% of particles had the size of 15 mm, 7% of
particles had the size of 10 mm, 12,6% of particles
had the size of 25 mm, 3% of particles had the size of
30 mm. In section 2 of GDU operating area 50,1% of
particles had the size of 10 mm, 20% of particles had

Figure 4 – Air environment temperature
changing in height of the unit in the third
section of GDU operating area at Vda=18 m/s,
n=1500 r/min,  [delta]=2 mm, tda =1600С

Figure 3 – Change of the material particles' sizes
throughout operating area of GDU at Vda=3 m/s,
n=1500 r/min,  [delta]=2 mm, tda=160 0С
According to figures 4 and 5 the curves
characterizing the change of the air environment and
moisture content of the particles under drying by the
unit height in the third section of GDU operating area
are presented.

Figure 5 – Dried particles moisture changing in
height of the unit in the third section of GDU
operating area at Vda =18 m/s, n=1500 r/min,
 [delta]=2 mm, tda =1600С

The minimum temperature (116,50С) of air
environment is observed in the upper part of GDU, a
higher temperature (158,30С) is observed in the lower
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part of GDU where the direct delivery of hot air is
executed. The maximum moisture content of the
particles under drying (19,8%) is observed in the
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lower part of GDU, and the lowest moisture content of
the particles under drying (9%) is observed in the
upper part of GDU where the outlet mesh for output of
the dried and grinded particles of the finished feed
meal of animal origin is located.
In accordance with figure 6 the curves of the
moisture and temperature distribution in the particles
of raw product and meal of animal origin dried and
grinded in the grinding and drying unit are presented.
In the period of heating the particles of raw products
and meal of animal origin material redistribution of
moisture in all space occurs, moisture content gradient
from center to periphery and maximum of moisture
content in the center of dewatered material occur.

origin (meat and bone tankage) before loading to GDU
constituted 39%. Here as a result of evaporation and
heating the material the successive dewatering and
heating of the dried particles. Dewatering and heating
occur as a result of two oppositely directed flows of
moisture: due to moisture conductivity – from middle
to surface of the material, and as a result of heat-and
moisture conductivity – from surface to middle. In this
case the process intensity provides the increase of
productivity,
diminishing
the
specific
heat
consumption and metal consumption of the equipment
and reducing expenses for its operation at high quality
of the manufactured product.
5. Conclusion
So, the experiments have shown that lack of
the fine grinded particles overheating in the developed
GDU due to drying agent interaction with the material
under air-lift drying, and uniformity of the thermal
fields and the drying agent direct delivery to operating
area of the unit make it possible to decrease heating
temperature that correspondingly facilitates reducing
the energy consumption by 3,5%.

Figure 6 – Moisture content and temperature
distribution in the particles of the raw product and
feed meal of animal origin at Vda=18 m/s, n=1500
r/min,  [delta]=2 mm, tda=1600С; W – moisture
content of material, %; T – temperature of
material, 0С; x – dimension of particles of the raw
product and feed meal of animal origin, mm: а –
moisture distribution in the particle of material
being in the section 1 of operating area of GDU; b –
moisture distribution in the particle of material
being in the section 2 of operating area of GDU; с –
moisture distribution in the particle of material
being in the section 3 of operating area of GDU; d moisture distribution in the particle of the finished
feed meal of animal origin; e – temperature
distribution in the particle of material being in the
section 1 of operating area of GDU; f - temperature
distribution in the particle of material being in the
section 2 of operating area of GDU; g - temperature
distribution in the particle of material being in the
section 3 of operating area of GDU; h - temperature
distribution in the particle of the finished feed meal
of animal origin come out from GDU.
It is obviously seen haw the curves of
moisture content distribution are symmetrized.
Temperature of the dried material particle in the center
is lower than on the surface, and moisture content is
higher. Moisture content in the particles of
preliminarily grinded and defatted wastes of animal
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6. Findings
Diminishing the particles' size by means of
grinding extended the total surface for the particles
drying. Formation of new surface led to extension of
the pores' size that, in its turn, facilitates the mass
exchange between the drying subject and drying
agent. Technical and economic profit from the GDU
use is undoubtedly high. Potential gains from the
feedstuff products obtained from the wastes of meat
industry [23-24], may exceed the incoms from the
meat foofstuff sale.
Acknowledgements:
Authors of this article always keep in mind
and thank for valuable advices and support a
distinguished scholar and, honored worker of
education and the best teacher of the Republic of
Kazakhstan,
winner
of
multiple
scientific
competitions, Doctor of veterinary, Professor,
academician Maratbek Mukhabekovitch Iskakov.
Cherished memory of him will always be in the hearts
of all decent people.
Corresponding Author:
Dr. Ruslan Maratbekovich Iskakov
Department of Engineering Process Mechanization,
S. Seifullin Kazakh Agro Technical University,
62 a Prospect Pobedy, Astana, 010000, Republic of
Kazakhstan,
Теl.: (8-7172) 317-547, fax: (8-7172) 316-072
E-mail: rus.iskakov79@mail.ru

lifesciencej@gmail.com

Life Science Journal 2013;10(12s)

http://www.lifesciencesite.com

14. Byron, R. Bird, E. Stewart Warren and N. Lightfoot
Edwin, 2002. Transport Phenomena. 2nd Ed. New
York: Wiley, pp: 895.
15. Stork, Duke B.V., 1989. Documentation for
Agriculture, Meat and Poultry-processing Industry.
(in Russian): Моscow. Peya Holding, pp: 1-7.
16. Sazhin, B.S. and V.B. Sazhin, 2007. Scientific
Principles of Drying Technology. New York:
Begell house, pp: 497.
17. Kafarov, V.V., I.N. Dorohin and С.Y. Arutynov,
1985. System Analysis of the Chemurgy Processes
and the Bulky Materials Grinding and Mixing. (in
Russian): Моscow, Nauka, pp: 440.
18. GOST 17536-82. Feed Meal of Animal Origin.
Specifications. – Introduction 1983-07-01. (in
Russian). – Моscow: State Committee of the USSR
on Standardization: Publ. stand., 1982. – 5 p.
19. GOST 17681-82. Feed Meal of Animal origin.
Selection of Samples and Testing Methods. –
Introduction 1983-07-01. (in Russian). – Моscow:
State Committee of the USSR on Standardization:
Publ. stand., 1986. – 23 p.
20. GOST 25311-82. Feed Meal of Animal Origin.
Methods
of Bacteriological
Analysis. –
Introduction 1983-07-01. (in Russian). – Моscow:
State Committee of the USSR on Standardization:
Publ. stand., 1982. – 9 p.
21. Sazhin, B.S., 1984. Basic Technique of Drying. (in
Russian): Моscow, Khimia, pp: 179-195.
22. Iskakov, М.М., S.O. Nukeshev, A.M. Iskakova and
other. Innovation Patent. 27126 KZ. Line for Dry
Animal Feeds Production from Veterinary
Condemned Materials. A23N17/00, A23K1/10.
Publ. 15.07.2013.
23. Iskakov, М.М. and R.М. Iskakov, 2008. Topicality
of Veterinary at the Feed Production. (in Russian)
// Agricultural Science – to Agriculture: Collection
of Articles of the 3-rd International Research-topractice Conference, Vol. 2, Barnaul, March 12th13th, 2008 / Altai State Agrarian University Barnaul - Russia, pp: 304-306.
24. Iskakov, М.М. and R.М. Iskakov, 2006. Veterinary
and Sanitary State of Feed Wastes of Food Industry
and Evaluation of the Manufactured Product (in
Russian) // Parasitocenology: Current State of
Knowledge, Topical Issues and Ways of Solution:
Materials of International Research-to-practice
Conference, Semey, Octomber 29th-30th, 2006 /
Semipalatinsk state university named after
Shakarim – Semey -Republic of Kazakhstan, pp:
290-294.

References
1. Iskakov, М.М. and R.М. Iskakov, 2011.Veterinary
condemned materials and their processing. (in
Russian): Аlmaty. Мeshdunarodnoe Agentstvo
Podpiski, pp: 216.
2. Jeng, A.S., T.K. Haraldsen, N. Vagstad and N.
Gronlund. 2004. Meat and Bone Meal as Nitrogen
Fertilizer to Cereals in Norway. Agricultural and
Food Science 13: 268-275.
3. Valenzuela, H.R., T. Goo, H. Randall, R.H.
Hamasaki and T. Radovich, 2000. The Effect of
Bone Meal on the Yield of Jicama. Pachyrhizus
Erosus. in Oahu Hawaii. Proceedings of the Florida
State Hortticultural Society 113: 222-226.
4. Hendriks, W.H., C.A. Butts, D.V. Thomas, K.A.C.
James, P.C.A. Morel and M.W.A. Verstegen, 2002.
Nutritional Quality and Variation of Meat and
Bone Meal. Asian-Australasian Journal of Animal
Sciences 15: 1507-1516.
5. Chaves, S., R. Canet, R. Albiach, J. Marin and F.
Pomares, 2005. Meat and Bone Meal: Fertilizing
Value and Rates of Nitrogen Mineralization.
Nutrient and Carbon Cycling in Sustainable PlantSoil Systems 1 (6-9): 177-180.
6. Chen, L., J. Kivela, J. Helenius and A. Kangas, 2011.
Meat Bone Meal as Fertilizer for Barley and Oat.
Agricultural and Food Science 20: 235-244.
7. Jeng, A.S., T.K. Haraldsen, A. Gronlund and P.A.
Pedersen, 2006. Meat and Bone Meal as Nitrogen
and Phosphorus Fertilizer to Cereals and Ryegrass.
Nutrient Cycling in Agroecosystems 76: 183-191.
8. Fratzl, P., H. Gupta, E. Paschalis and P. Roschger,
2004. Structure and Mechanical Quality of the
Collagen-mineral Nano-composite in Bone. J.
Mater. Chem., 14: 2115-2123.
9. Luikov, А.V., 1968. Theory of drying. (in Russian):
Моscow. Energya, pp: 2-5.
10. Ginsburg A.S., 1973. Basic Theory and Technique
of the Food Stuff Drying. (in Russian): Моscow.
Pichevaya promyshlenost, pp: 527.
11. McMinn, W.A.M., M.A.M. Khraisheh and T.R.A.
Magee, 2003. Modeling the Mass Transfer During
Convective,
Microwave
and
Combined
Microwave-convective Drying of Solid Slabs and
Cylinders. Food Research International 36: 977983.
12. Mujumdar, A.S., 2007. Handbook of Industrial
Drying. 3rd Ed. New York: Taylor S Francis, pp:
1280.
13. Kudra, T. and A.S. Mujumdar, 2009. Advanced
Drying Technologies. 2nd Ed. New York: Taylor S
Francis, pp: 500.

12/7/2013

http://www.lifesciencesite.com

502

lifesciencej@gmail.com

