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Abstract

This research were studied to design and construct of rotary fertilizer dryer machine by using
waste heat from electric generator, cooperated with biogas. The rotary dryer were designed and
constructed by using a waste heat from electric generator at the temperature of 400°C | cooperated
with biogas fuel. The designed capacity of rotary fertilizer dryer was 1 ton per day. A couple drying
pipes can be divided to hot dryer pipe and cold dryer pipe, it had a length of 10 meter and 0.5 meter
of diameter. The power transmission of couple drying pipes and couple blowers were selected to be
5 Hp and 2 Hp electric motor, respectively. The designed thermal efficiency of the rotary fertilizer
dryer was 66%. The designed calculation of thermal efficiency is close to that obtained from the
experiment.
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ND =7 ~12m/ min (1)
Tnen
N = UIUTOU (RPM)
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Nns9INISTUBN (kggas /m2 -hr) [8]

g - Sm 2)
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Gm = pVA 3)
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mldainaunisi 15, d1uruseusiuvesining
(Total number of cycles) WIRINAuN1ST 16 181l
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2.4.2 FunaARY
aumsmm%uauqa(Equilibrium moisture: Meg)

aun1sautuaugavesdaieldannisuos
Halsey (Osborn et al., 1989) Tneldamnsimesi
gnunauelay Aruda (2008) il

1

- -0.45T; +2.08) \1.435

Meq =| ~ZXPL04Ts +200 (19)
In(RH)

Taofi
Meq = A1TUeLAav8Il8 (Kdyater /K9 drysolid)

Ts gaumgiinRavedinle (°C)

RH = Relative humidity
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8M31N159ULAY (Drying Rate: MR)
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MR = exp (_Kto.424) (20)
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K = 0.304exp| —— = (21)
Ts
el
Mg = 8R5INT0ULAY
T = gquugiivedleidy (C)
t = 1781 (s)

duuszansn1sanemaiusau(Heat transfer

coefficient: U,,)

Uya 353560209604 (22)

Tag?
o o £ v 3
Uyg = dudszdvdmsanewmaiuiou W/ m°K)

Gs = dnsnsivavesloide (kg / min)

Gy = snsmsbnaveudiale (kg / min)
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Jeiltlunsmaasaduoiiavia Granulated
simple super-phosphate fertilizer (SSPG) 9116
WulugudnataUsERIn 3 mm. AUVWILLY 1.1
ki/kg"C
LarAduUsTANSus L deaniuaat (4) = 0.984
(Arruda,2008)

3 ' 1Y °
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%CO2 wazCO)
2@ daeudy guugll uay
29AUsENaUNY (%CHYE, %CO2 War%02)
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nua 235 A
Power 151 KWV
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-0 A (mu%wauﬁmﬂaﬁﬁmmsﬁu) A1 Solid
feedrate, Inlet moisture,Solid temp.,Wet bulb
temp

-0 B (anvdesfnvleidsiic) fad0utlet
federate,Outlet temp,Outlet humidity,Outlet
flowrate

40 C (meeanifiadenadinisauwia) Jaen Solid
federate, Exit moisture, Solid temp.

0 D (mudrfingleids) Jae Inlet  federate,
Inlet temp.,Inlet humidity,Inlet flowrate, Flue
heating value

a

-0 E Ingaumgiiussemalaroumgingve

Y

3.2.2 N15ANUIUNIUSTANSNINLTIA1US DUV
o v 4
tAIDIB UL UUYY [6]

My = (qd+qs] x100% (23)
Q
Tagil
Q = VsnamnufeudilsituinTesauisia (kw)
Q = Vsnaanufouficnewluedosouuis
Q =0y +0s
dg - Usinaaudeuildlunissemetesn
1N Ta0 (ANUToULRY)
= mL
U = Ysnuenufeudilflumsifingumad
Yo33ARlUTEN IO U
= MC ps (Tsen = Typg)
Q" - Gnannudouiiudesiislundsandu
NILUIUNITOULIY
= MeCpa (T, ~T)
0 = dnsn1sluaveadinle (kg/s)
me = dasinislvavedleideiinnasen (kg/s)
L = Aarwdouutiesnisnanedulevesni
= 2,260 kJ/kg
Cps = mMAnugarmdounesily = 1.02 kl/kg'C
Cpa = MANHgANToUYeteINIA (K/kg'C)

%

Teen = aaungiiviindtendule = 100 °C
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Ty = guugidindeisusiu (O

'
a

T, = guupiisuduvesledy o)
T, = gamgiigainevesleds (O
Tugnnzasiiazls

Q= Q' + Q" (24)

il Q" fimuinuay Q > Q' waualunsiinlvausou

3.2.3 avwduludinle

AUNIMIANYUTAR (UATFIUWAY)

thwiinveadialouis menduesiduddd 113
M = MxlOO (25)
Mg
Taofl
M = %Anutusnsguden
My = dwindudueadiedefieuiu
My = hwiinveadialevdaniseuntis

3.3 doyaililunsviunenanimeaes
Foyaildlunisviunena Woswmmanuiy
Wadogainauazyszdnsaimdsniiuiouvas
\resouuriauUmyuaanstiluned 1
397 1 Feyaildlunisviunena

Fuus A" ne
aamgiingleds 350,400,450 | °C
Ysumsnisinavedledy 15 m’/s
AufouLr 09T 2270 kJ/kg
amgll 100°C
snsnsiravesinesou 0.0369 ke/s
AuAudmdvosenne 60 %RH
ANUTUILUUYRIY 1.1 kg/m’
Yuadlnle 3 mm
ansnsteule 125 kg/h
Mass velocity gas 687.6 kg/mz.h
Volume of dryer 1.963 m’
Anuuiuledy 0.470 kg/m’
ANnusIfwlelde 36 m/s
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4.3 gaumingnUdaeannieann1Taulie (Exit

4.2 auvuiendainisauwis (Moisture Content)

Moisture Content (%db)

50.00
45.00 J‘

40.00 ==g==Temperature of gas at 350 C
35.00 === Temperature of gas at 400 C
30.00 | Temperature of gas at 450 C
25.00
20.00
15.00 '\,
10.00

5.00

[
0.00 = = —_—— ey
0 5 10 15 20 25 30 35 40 45
Time (min.)

gnsnsivavesinalewde

4.4 UszAvnmideannudeuvauaiesauusiede

wuuvuitldvinseanuuuuazasey
HAN1SAUIUTEANSAIMTIAIuTauTR

indeseunisdouuumyudulumuned 2, 3, 4

a

A5 2 UseanSamideanueuiigumgil
Aalode 350°C

JUT 7 anuduvesdinlevidaniseuwisiigamal

Y 9
&

fnaflarde 350, 400, 450°C WisuieuduaNly
Tunnsauwmie

ANNSTLRBS Adile | e
U‘%mmmm%’auﬁvﬁngiwu 210.28 kw
(Heat load)

USUNUAMNSOULNS (Latent | 137.08 kw
heat)

USunuanusouduna 1.94 kw
(Sensibility heat)

USinaunudouigadely 1.11 kw
Fiaandeu

UsgdnSninigeninusou 66.11 %
(Thermal Efficiency)

4.1 5ﬂ5ﬂn’lSaULLﬁ’\1ﬂ8 (Drying rate : MR) temperature)
1.100 350
1.000 J\ 325
0.500 == Moisture ratio of gas at 350 C 300
0.800 =il Moisture ratio of gas at 400 C 275 L-_.--'—H—_.
0.700 Moisture ratio of gas at 450 C -
- T 50 W‘
2 0.600 2
-é 0.500 g‘ ”
> o
a ; 200 ===|nlet temperature at 350 C
0.400 &
=f=|nlet temperature at 400 C
1 175
0.300 |
| Inlet temperature at 450 C
0.200 130
0.100 125
0.000 o T 100
0 5 10 15 20 25 30 35 40 45 0 02 04 06 08 1 12 14 16 18
Time (min.) Flow rate(m#3/s)
JUN 6 dnniseuwisleiaamgiifingleds 350, JUT 8 gauniinignudegesnviadaninniseuniady
o) [y i v a e [¢] [
400, 450 C WisuWisuiunanldluniseuus gaungilingleids 350, 400, 450 C WiguLiguiu
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137371 3 UszAnSamdannudouigamal vaufiatendsainniseuurisfiguugiialelds
Aeflotds 400°C 350, 400, way 450 8IALTALTYE ILANAIBYIS
ANISIALRDS mdils | e 53597 5 wiitusniuiy Wesaniinenudeuwds
USinaunwdouiidngssuu | 220.97 KW galuraausn
(Heat load) Usmaaufeuiteuiindssuuiigungd
Usinamnudounns (Latent | 137.08 | kw 350°C , 400°C waw 450°C JAwviniu 210.28 kW ,
heat) 22097 KW uaz 210.28 kW mwdisu aspmdy
USuneupuSeudusia 1.94 KW UszAnsamdeaufeudildluniseuwiaviafu
(Sensibility heat) 66.11% , 62.92% Waz 60.02% MIUEINU
USinaunnusoudigandely 1.28 kw
SRS 6. NAANIIUUTENIA
UszanEATseL ey 62.92 % vovauAnd1UnUTTaIuIUlATINITYUITY
(Thermal Efficiency) A RNVAILTE) (am.)ua;ﬁﬁm ‘ZJ.LmsLGliﬁ;ﬂL%EJI\‘i 9.41194
LUATATITINTIY  WIMsatuayuaniui Jeya
A15799 4 UseRvinmserutaudtonming sulszann uazanudmdieronisiiiuenided
JNg)
falewde 450°C
Amsfiwes miils | e 7. 19N@N59190
USunuanueuiendsyuu 231 66 KW [1]  $oug tanatiy. 2550. N199DNLUVLALNAADU
(Heat load) ’ WnanAg AL aasd@ s unTEUIUNIS
USUNUAMNTOULNS (Latent 137.08 kw v il’ 79 }] 6. Ny qjj nwu ﬁi}] Sygaln.
heat) UANINYIRBNYATAENT. 82 N
U3 Sauduna 194 KW [2] MH. Lisboa, D.S. Vitorino, W.B. Delaiba,
(Sensibility heat) J.R.D. Finzer, M.A.S. Barrozo. 2007. Study of
= v & the performance of the rotary dryer with
;{:;:j;;;};ﬁfaqummﬂiﬂ L < fluidization, Braz. J.Chem. Eng. 265-374.
UsEAvEAmEaruZen 60.02 % [3] Arruda, E.B. 2008. Experimental and

(Thermal Efficiency) Simulation Study of Fertilizer Drying in

Rotary Dryer. Brazilian Journal of Chemical
Engineering, Federal University — of
Uberlandia, Brazil

[4] N. J. Fernandes, C. H. Ataide and M. A. S.

Barrozo. 2008. Modeling and experimental

5. @3Unan1snaaeg

INNTBBNUUULAZALIAIAT DIDUUKITBULUY
vienyulaglindsnuanusousiuseninieledy
naTesiudaliiuagfedinmussnauluse
visauFeunazieuLiufiTivundusugudnans 0.5
wns 813 10 wes Muawesliihawe 5 uswdindu
gunsaldends wagldluaresuuin 2 use Tunis
AnauseuuaziiueenINyioay

study of hydrodynamic and drying
characteristics of an industrial rotary dryer.
Brazilian Journal of Chemical Engineering,

Federal University of Uberlandia, Brazil

AINNITNIUIGHANITNABDINUINONIINIG
suuslleiionmgifslode 350, 400, way 450
psrniwaladzilsnsnseunstegeiitas 5 uniusn
LAZEATINITOULAIILADY | ANAIDYIT ALY
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