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Abstract: The results of theoretical researches of the
process of aeration of bulk material in the cylindrical
drying chamber of the dryer [1] are suggested in the
article.
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INTRODUCTION

During convective drying the agent of drying (hot air)
contacts with wet material and imbibes its moisture. A
layer of bulk material resists to passing of drying agent
through it. The research of the process of aeration of a
layer of bulk material in the suggested dryer [1] will allow
to substantiate the rational mode and constructive
parameters of the dryer.

MATERIALS AND METHOD
A layer of bulk material which is filled in the cylindrical
drying chamber of the dryer [1].

RESULTS

The construction of a dryer [1] with the cylindrical
drying chamber (Fig.1) formed by outer -cylindrical
perforated wall and inner cylindrical perforated wall was
suggested. Inner perforated wall is intended to supply of
drying agent into the drying chamber. In the drying
chamber spiral activators are mounted. The spiral
activators are intended for loosening and agitation of
material during drying process.

For research of aeration of a layer of bulk material in
the dryer of this construction the following assumptions
were accepted:

- the material is in a loosened condition [2] during
aeration (drying);
- as a result of loosening of material with spiral
activators its porosity increases
&n<e=1(n, k, D, a, d, &),
where: n — the frequency of rotation of the activator, [min'l];

k — the pitch of the helix, [m];

D — the diameter of the spiral, [m];

a —the center distance between adjacent activators, [m];

d — the diameter of generatrix of a turn of the helix, [m];

& — porosity of material in stationary state.

- drying agent after passing through the inner
perforated wall moves to the periphery of the drying
chamber perpendicularly to the axis of the cylindrical
drying chamber;

- specific mass of drying agent that passes through the
layer of material is assumed to be constant at any point
of the material, the amount of air supplied to the drying
chamber through the inner perforated wall per unit of
time is equal to the amount of drying agent, leaving the
drying chamber through the outer perforated wall, the
velocity of drying agent decreases by its movement from
the inner to the outer perforated wall of the drying
chamber;

- porosity of material € varies by the height of the
drying chamber due to compaction of material under its
own weight. The relationship between the pressure of the
material and its porosity are described by a linear law.
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Pe3rome: B cmammi npedcmasneHo pe3ynbmamu
meopemuyHux OociOeHb pouecy 8eHMUI8aHHs
curnkoeo mamepiany 8 UUMiHOPUYHIU CywunbHit Kamepi
cywapku [1]

Knovoei cmoea: cywapka, cywurnbHa —Kamepa,
8eHMUJTIO8AHHSI, 8mpama MUCKy, Wnapysamicmes

NEPEOYMOBA

B npoLeci KOHBEKTVBHOMO CyLLIHHS CYLLMITbHIIA areHT (Harpite
MOBITPS1) KOHTaKTye 3 BOMOMMM MaTtepianom, sigbuparoum B
Hb0ro Boriory. Lap cunkoro matepiany, Kpisb SKMA NPOXoauTb
CYLLMINBHWI areHT, YYHUTL Ofip oMo MPOXomKeHHt0. [lochimkeHHst
npouecy BEHTWNIOBaHHSA LIapy CWMKOro MmaTtepiany B
3anporoHoBaHiii cywapui [1] [o3BonuTb 06FpyHTYBaTU
paLioHanbHi PeXMMHI | KOHCTPYKTVMBHI MapamMeTpy CyLLapKW.

MATEPIANU TA METOOUKA
LLap cunkoro maTepiany, LO 3aMOBHIOE UMMIHOPUYHY
CyLUMIBbHY KaMepy cyLuapku [1].

PE3YIIbTATH

3anpornoHoBaHa KOHCTPYKLIA cyllapku [1], umniHgpryHa
cywuneHa kamepa skoi (Fig.1) yTBOpeHa 30BHILLHbOO
UUNIHOPUYHOK NepdOpPOBaHOID CTIHKOK i BHYTPILLHBOM
LMMiHOPUHHORO NepdhopoBaHOHO CTiHKOH. BHYTPILLHA nepdpoposaHa
CTiHKa Npu3HayeHa Ans nigseAeHHs CyLUMIIbHOIO areHTa B
CylWMnbHY Kamepy. B cywunbHin kamepi BCTaHOBIEHI
criparenomioHi aktmeaTopu. BoHM npusHayeHi Arns posnyLLyBaHHs i
nepemiwyBaHHs MaTepiany B NpPoLeci CyLUiHHS.

Ona pocnimikeHHs NpoLecy BEHTWTOBaHHS LLapy CUMKOMo
matepiany B cylapui AaHOi KOHCTPYKUii Oyno npuiHATO
HaCTYMHi JONYLLEHHS:

- B TMpoOUECi BEHTWUMOBAHHA  (CYLUiHHS)

nepebyBae B po3nyLleHoOMy CTaHi [2];

- B pe3yrnbTaTi po3nyLlyBaHHs MaTtepiany cnipanenogioHumm

pobounMm opraHamm 36inbLLYETECA AOTO LUMapyBaTiCTb
En<E&E= f(n, k, D, a, d, 80/7),

e n —4yactoTta obepTaHHsa akTuBaTopa, [XB"l];

k — kpok cnipani, [M];

D — giameTp cnipani, [M];

a — MiXXOCbOBa BiiCTaHb MiX CyCigHIMK akTuBaTopamu, [M];

d — giameTp TBipHOI BUTKa cnipani, [M];

&cn — LUNApyBaTiCTb MaTepiany y cTaHi CroKoto.

- CYLUMIBbHUI areHT nicnsa NPOXO4KEHHS Kpi3b BHYTPILLHIO

nepcpopoBaHy CTiHKY pyXaeTbcs Ao nepudepii CyLmnnbHOI

Kamepu NepneHauKynspHoO A0 OCi LNIHOPWUYHOI CYLUMIBHOI

Kamepu;

- NMTOMa Maca CYLUMIMBbHOMO areHTa, Lo MPOXOAUTb Kpisb

Lwap marepiany npuMnMaeTbCsa NOCTIMHOK Yy Byab-AKin TouLi

mMaTepiany, KifbKiCTb MOBITPS, O NOOAETbCA B CYLUMIIbHY

Kamepy Yyepes BHYTPILLHIO NepdiopoBaHy CTiHKY 3a OAVHWLIO

Yacy, piBHa KiNbKOCTi CYLUWNBHOIO areHTa, Lo BUXOAUTb 3

CYLUMMBHOI KamMepy Yepes 30BHILLHI0 nepdopoBaHy CTiHKY,

Npy LbOMY LLUBUOKICTb CYLLMIBHOMO areHTa 3MEeHLLYETLCS Npuy

MNOro nepemMilleHHi BiA4 BHYTPIWHbOI A0 30BHILLHbLOT

nepgopoBaHOi CTiHKM CYLLUUMbHOI Kamepu;

- lunapysaTiCTb MaTepiany & HeOOHaKoBa 3a BMCOTON

CYLUMMNBHOI Kamepy BHAcNigoK YLUiNbHEHHst MaTepiany nig

BMACHOK Barol. 3B'I30K MK TUCKOM Ha maTtepian i 1noro

LUNapyBaTiCTIO OMNUCYETLCS NiHINHUM 3aKOHOM.

mMatepian
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Fig. 1 — The drying chamber of the dryer / CywrnbHa kamepa cywapku
1 — outer perforated wall of the drying chamber / 308HiwHsi nepghoposaHa cmiHka cywunbHoi kamepu; 2 — inner perforated wall of the drying
chamber for supplying of drying agent / eHympiwHsi nepghoposaHa cmiHka cywunbHoOi kamepu 07151 nodayi cywunbHo20 azeHma; 3 —spiral activators for
loosening and agitation of material / cnipanbHi akmueamopu 0715 po3nywysaHHs i nepemiwysaHHs Mamepiany

Consider a layer of material with a constant cross
section, conventionally limited by two parallel planes (flat
layer) through which the gas stream passes. The loss of
pressure in this layer of material can be determined by
the formula of Koseni-Carman [3]:

Ap=K0O

where: Ap — the loss of pressure in the layer of material, [Pa];
K — the Koseni-Carman constant, K=4,5...5;
| — thickness of the material in the direction of the
gas flow, [m];
€ — relative porosity of a layer of material;
s, — specific surface area of material, [m*/m?;
1 — dynamic viscosity coefficient, [Pa-s];
wo — brought flow velocity, [m/s].

Consider a layer of bulk material, which is limited by
the outer and the inner cylindrical walls of the dryer of the
suggested construction (Fig. 2). During the drying, the
agent of drying moves through this layer of material
(cylindrical layer) from the inner perforated wall of the
drying chamber to the periphery. Assuming that the
amount of drying agent that inlets a layer of material is
equal to the amount of drying agent at the output of a
layer of material and the specific mass of the drying
agent is constant at all volume of material, the speed of
drying agent wy at any point x of material as a function of
coordinate of the drying chamber radius can be
represented as:

w =

X

where: ro — the inner radius of the drying chamber, [m];
Ix — the difference between the coordinate of the
point x and the inner radius of the drying chamber, [m];
wo — brought velocity of a flow at the inlet of
material, [m].

PoarnaHemo wap martepiany 3 NOCTiMHUM nepepi3om,
YMOBHO OOMeEXeHWI ABOMa napanenbHUMU NoLmuHamm
(nnockuin Wwap), Kpisb SKMIA NPOXOAUTb ra30BWUA MOTIK.
Btpaty Tucky B UbOMY LWapi Martepiany MOXHa
BU3Ha4MTU 3a popmyrnoto KoseHi-KapmaHa [3]:

(1-¢)

= |5, @

ne: Ap — BTparta TUCKy B Wapi matepiany, [Ma];

K — ctana KoseHi-KapmaHa, K=4,5...5;

| — TOoBWMHa Wapy maTepiany B HaNnpsAMKy nogadi

rasy, [m];

£ — BiQHOCHa NOpUCTICTb Wapy MaTepiany;

Sy— NMTOMa NoBepxHs MaTepiany, [M2/M3];

M — AVMHaMIiYHWIA KoedoilieHT B'a3kocTi, [[a-cl;

Wo — NpyBedeHa LWBUAKICTb NOTOKY, [M/c].

PosrnsaHemo wap cunkoro matepiany, Skuii 0OMeXeHun
30BHILUHLOK | BHYTPIWHLOK  UMNIHAPUYHUMW  CTIHKaMMK
CyLlapKX 3anporoHOBaHOI KOHCTPYKUii (puc.2). Kpisb uewn
wap matepiany (UMNiHOPWYHUIA Wap) B NPOLECi CyLUiHHSA
NPOXOAUTb CYLUUIBHWUIA areHT Yy HanpsMKy Bil BHYTPILLHBOI
nepdopoBaHOI CTIHKK CYLUUILHOI kamepu Jo nepudepii. 3a
YMOBW, LLIO KiNbKICTb CYLUMIBHOTO areHTa Ha Bxodi B Liap
mMaTepiany piBHa KinbKOCTi CyLUMIIBHOMO areHTa Ha Buxogi 3
Wwapy matepiany, a NUTOMa Maca CYLUMMbHOIO areHTa €
MOCTiNHOKO 3a BCiM o6’eMOM MaTepiany, LWBMAOKICTb
CYLUMIBHOIO areHTa wi B Oyab-skin Touli X matepiany sk
dyHKUi0 Big KoopaMHaTX padiyca CyLWnbHOI kamepwu
MOXHa 3anucaTv y BUrmsaai:
= 2

o+l

e ro — BHYTPILUHI paaiyc cywmnbHoi kamepu, [M];
Ix — pi3HULUA MiXK KOOPAUHATOI TOYKM X | BHYTPILLUHIM
pafiycom CyLuMnbHOI kKamepu, M;
wo — npuvBedeHa LWBWUAKICTb MOTOKY Ha Bxodi B
maTepian, [M].

outer perforated wall of
the drying chamber

308HIWHS Nepghoposara cmiHka

CYWUITbHO] Kamepu

v

inner perforated wall of the I
drying chamber

eHympiuitst nepehoposana
Cmiika CywnbHOT 6anepy

Fig. 2 — Determination of the velocity and the pressure loss of drying agent /
Bu3sHayeHHs1 weudkocmi i empamu mucKy CywurnbHO20 azeHma
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Loss of pressure in the elementary thin layer of

material:
dp= [ K I, Eﬁ

Integrate and define the loss of pressure Ap, of

cylindrical layer of any thickness| =r,, —r,.

(L-¢)°

&
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BTtpata TuCKy B €neMeHTapHOMYy TOHKOMY  Luapi
Martepiany:

]E@juja“ﬁ}dl.
To +1y

MpoiHTerpyemo i BCTaHOBMMO BTpaTty TUCKY Ap,

©)

3

LMMiHOPUYHOTO Wapy AOBINbHOT TOBLWMHK | =1, —T,.

2
Ap, :J[K mﬂl;f) 32 D/Efjof:o]dl ,
0 X

o, = =L g a1, - o ) v,

where: C — the constant of integration
Determine the constant of integration if at I=0 pressure

loss Ap, =0.

c=K ﬂl%) (82 (g, 0,2 CIn(r, )

Substituting (5) into (4) after simplification we obtain:

ap, =K A E 1 g 3,4 -, U+ 5+ 0 )

Expression (6) allows to determinate the loss of
pressure of drying agent as the result of passing it through
a layer of material in the cylindrical drying chamber of the dryer.

Determine the change of porosity of the material by the

4

ne C — ctana iHTerpyBaHHs.
3Hangemo ctany iHTerpyBaHHs, skwo npu =0 BTpaTta
Tncky Ap, = 0.

®)
MigctaBmBm (5) B (4) nicns CNpoLEHHS OTPUMAEMO:

6

Bupas (6) [o3Bonsie BCTaHOBUTY BTPaTy TUCKY CyLUMIBHOIO
areHTy B peasynbTaTi MNPOXOOKEHHA WOro Kpisb Lwap
mMartepiany B UMMIHOPUYHIA CYLUUIBHIN Kamepi CyLlapKu.

BusHaunmo 3miHy nopucTocTi MaTepiany 3a BMCOTOO

height of the layer. wapy.
Law of compaction in differential form looks like [4]: 3aKoH yLLinbHEHHS B AuddbepeHLinHiin chopmi Mae Burnsg [4]:
de=-a,ldp. 7

where: a, — the compression coefficient.

de — the change of the coefficient of porosity with
the infinitely small pressure change dp.

Assuming that the pressure of the upper layers of material
on lower ones is insignificant the porosity of material in some
point y can be determined by compaction law for the straight-
line section of compression curve [4]:

£y =& 3Py,

where: &, — the initial porosity of a material without applied
pressure (Fig. 3);

fne: a, — KoeilieHT CTUCKYBaHOCTI.
de — 3miHa KoediLiEHTY LNapyBaTOCTi NPU HECKIHYEHHO
Maniv amiHi Tucky dp.
Mpunmatoun, Wo cmuna TUCKY BEPXHIX LapiB maTepiany
Ha HWXHi He3HaYHa, WnapyBaTiCTb MaTepiany B AOBINbHIN
MOro Touui Y MOXHa BM3HAYUTW 33 3aKOHOM YLUiNbHEHHS
Ons NpAMONiHIMHOT AiNSAHKM KOMNPEeCiNHOT KpMBOi [4]:

®
fe: €, —no4vaTtkoBa LLnapyBaTiCTb MaTepiarny 6e3 npuknageHoro
Tucky (puc.3);

p,. — the pressure which is produced by higher P,... — TUCK, iKWV 3AIMCHIOIOTL BEPXHI Wapu maTtepiany
layers of material on a layer of material in a point y. Ha Wwap martepiany B Touli Y.
I'min
ro Eo
L
0
/ ) : » . . ’)‘
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/ -7 b /T A Ap
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Fig. 3 — Determination of porosity of material depending on its height /
BusHa4eHHs1 winapysamocmi Mmamepiarny 3anexHo 8id (io2o aucomu
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Pressure of upper layers of material
determined by the formula [4]:

Py

where m, —the mass of a material height of point y, [kg];
v, —the volume of a material height of point y, [m3];

Relation of the mass to the volume is determined as
an average density of a material

My _ Py~ Pun

Porosity

p, — real density without taking into account porosity,
[kg/m°].

After substitution p,, from (12) and p, from (13) into
(11) we obtain

can be
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Tuck BepxHix WapiB martepiany MOXHa BU3HA4MTU 3a
dopwmyroto [4]:

:ﬂm[ﬂ’]y' (9)
V,

y

Ae: m, —mMaca matepiany BuLle ToukM Y, [Kr];
v, —of’em maTepiasny BALLE TOYKM Y, [M3].

BigHoweHHa macu pgo ob’emy BM3Ha4aeTbCcs  SAK
cepeHs LWinbHICTb MaTepiany

va
10
> (10)
LLinapyBaTicTb

Py j , (12)
P
pvoj , (13)
P

p, — AiNcHa LWinbHicTb 6e3 BpaxyBaHHS nop, [KF/M3].
Micna nigcraHoskm p, 3 (12) i p, 3 (13) B (11)
oAepXnNMO.

a-e) P ]mo
£,=6,—8,3 5 0 [y [h,
or abo
aO2 ELJZ |:ﬂ]yz wvo2

—80—30@[&1)/&7\/0"'

Substituting the value &, of expression (14) into

expression (6) the loss of pressure of drying agent when it
moves through a layer of a material in the cylindrical
drying chamber on the height hy can be determined.

The results of calculations are represented as graphs
on the fig. 4.

(14)
2&0+a0mljhymv0_2

MigcTaBuBlKM 3HaYeHHs1 &, Bupa3dy (14) B 3anexHicTb

(6) MOXHa BM3HAUWUTK BTPaTy TWUCKY CYLUMIIBHOTO areHTa
npy WMOro MNPOXOMAXEHHI Kpisb LWap MaTepiany B
LMMiHOPVYHIN CYLUMIBHIA Kamepi Ha BuCoTi hy.

PesynbTtath  pospaxyHkiB y  Burnggi
npeacTasneHi Ha puc. 4.

rpadikis

S @0’ . . T T W T .
5: E, Cviraneal e Cylindrical layer,
; yiindrical layer -~ velocity of drying agent at the
8’ velocity of drying agent at the 8 -
aj outlet of the layer of matenal wk—2 mwic 5 % L?;I_fl of 125[;?::[ 0;2;%‘?”1 A
=y am10°r Lunindpuyrul wap, weudkicms - = g0 c adpnau e‘uxod.r' 3‘:; ame ’;ﬂ cm i
° 8 C.a. Ha 8UX00] WK=2 M/C s o 3 = - prany ot
@© . )] -
s 3 _ _ : £ 5 .
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= . ) - , = at layer
o > nockul wap WeUAKICMS €.8. w=2 [M/c] \" N Mnockut wap -
5 &2t P ncal layer - g 5 00 7
[ ] velocity of drying agent at the 3 O
8 1S outlet of the layer of matenal mx-?{m/s]’ g g o Cylindrical layer
LIWMmHOPUYHEIL Lap, WeUOKICMb . @ '
a g c.a. Ha axodi wo=2[m/c] - 5 OEu velocity of drying agent at the
5 ® . inlet of the laver of material
© ) - yer of material
o L . @ L . N . - - i
8 £ 1x10° - g g 20 LjuniHOpuqrud wap, weuokicms
g o - @ £ o €.a. Ha exodi 8 Mamepian
K . w Q
['e] w
== O | T
,“‘,',.,',.,.,,., ........ boeaassaaaaaissaaasaataias R il R AP PPT TP E L L L e 1
% 2 “o 3

1
thickness of the layer |,[m]
mosuwuHa wapy |, m]
a)

1 2
drying agent velocity w, [m/s]
wisudkicmb CyWUIbHO20 azeHma w,[mic]
b)

Fig. 4 — Pressure loss of drying agent by passing through a layer of bulk material / Bmpama mucky cywurnbHo20 azeHma rnpu
npoxodxeHHi Kpisb wap cunkozo Mamepiany, £ =0,5, £=195010" , s=1000 M’/m’, 1, =0,2 m:

a) depending on the thickness | with the velocity w= 2 [m/s] / 3anexHo 6i0 moswjuHu wapy | npu weudkocmi w= 2 [mlc];
b) depending on the velocity of the drying agent cwfor | = 1 [m] / 3anexHo 8i0 weudkocmi cywunbHo2o azeHma W npu | =1 [M]
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_______________ a=0,5"10
e | Tl e T —_
2 Eoa i
53
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S
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£ 8
1 1 1
o. [1] 3 10 13 20

the height of a layer of material hy,[m)]
eucoma wiapy mamepiany hy, (M)

Fig. 5 — Dependence of the porosity from material layer height / 3anexHicmb koegiuieHma wnapysamocmi 8id aucomu wapy

mamepiany
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a) b)

Fig. 6 — Changing of a material layer resistance to the airflow in height / 3miHa onopy wapy mamepiarny nogimpsiHoOMy romoky
3a eucomoro

a) Ww=2 [micl; | =1 [m], b) w=1 [mic]; | =0,5 [m]

The resistance of material, which fills a cylindrical Onip marepiany, WO 3anMoOBHWE  LWMIHOPUYHY
drying chamber with a height h¢ .. CYLUUIbHY Kamepy BUCOTO he .

2
(. a, [©° [h? (p,,”
< 1 {80 %@mywv0+2|}o+%@mywvo_2

A 1DhTAp“: T mem e Y (14)
Pow =7 (9" th," Cp,
M o {fo‘aofgﬂ‘y@v°+2ntao+ Dg[yh Doo —2}
0 aO y vO

xsp QO Ol = 1, N1+ 1) +In(|r,)))

After integrating and simplification: Micna iHTerpyBaHHS | CIPOLLEHHS:

16D OBMENRE-)-2EF[2EE+3)+2))
AD? (BIhE-2D&)?

Ap,, = :
BLE —4Eﬂn[MjEQ£+l)—BEhE§
(15)
A=K Cu, 05 ol =1, QI+ ro[) — In(rg ),
B=ag0p,
D =(e-12),
E=(e-1),
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where: A, B, D, E — coefficients.

System (15) describes the loss of pressure of drying
agent when it moves through a layer of bulk material with
its height h _ which fills the cylindrical drying chamber

with the radius of outer perforated wall r,,, and the radius
of inner perforated wallr, ;.

E El.—mcﬁ

3 3: €=0’4 ........................
gt e |

s T

>

JLio B

® & 0t i

£ 3

o ©

5 >

» ¥ _

F ‘é sool £=0,5 ]

2 e %

5 E

@ &

w

K] ‘% 600 b

@ —

= £=0,6

= -

................... rmee T

the height of a layer of material hy,[m]
sucoma wapy Mamepiany hy,fm]

a)

4p,[Pa]

The loss of pressure in a layer
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ne A, B, D, E — koediujieHTn.

Cuncrtema (15) xapaktepuaye BTpaTy TUCKY CYLUMITbHUM
areHToM npu MOro NPOXOMXKEHHI Kpi3b Wap marepiany
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CONCLUSIONS

The relations which allow calculating the resistance of
a bulk material layer in the cylindrical drying chamber of
the dryer taking into account the change of porosity of
material by height were obtained. The obtained results
indicate that a flat and a cylindrical layer of material
produce different resistances of drying agent for the
same initial speed of the agent of drying. The less

resistance pr of a cylindrical layer than a flat layer with

the same thickness | and initial velocity of the drying
agent ay entering into the material can be explained by a
decreasing of the speed of the drying agent in a
cylindrical drying chamber as a result of moving it from

the center to the periphery: @, = f(l.).
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BUCHOBKU

OTprMaHO 3anexHocTi, siki 403BOMSATL 06UMCNUTH
onip wapy cunkoro MmaTepiany B UMAIHAPUYHIN
CYWMMbHIN Kamepi Cylwapkm 3 BpaxyBaHHSAM 3MiHU
LNapyBaTocTi mMaTepiany 3a BucoTow wapy. OTpuMaHi
pesynbTaTu MOKasyloTb, WO MpuM OOHAKOBIN MOYaTKOBIN
LWBMAKOCTI CYLUMIBHOIO areHTa niioCKUM i UUniHOPUYHUA
Wwap matepiany YMHATb Pi3HUA Onip CYLIMUIBbHOMY areHTy.

MeHwwi onip Apu UUNIHAPUYHOrO Lapy, HiXK NIockoro,

npy OAHaKoBIA iX TOBLWMHI | i no4aTKoBOI LUBUAKOCTI
CYLUMMBHOrO areHTa «h Ha BXOA4i B Martepian MOXxHa
NOSICHNTU 3MEHLLEHHSIM LUBUAKOCTI CYLUMIIBHOMO areHTa B
LUMNIHOPWYHIN  CYLUMMBHIN Kamepi BHAcrigoK MepeMilleHHs

10ro Bif LEeHTPY Ao nepudpepii W, = f (|X) .
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