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PAI HOC NONG NGHIEP HA NOI

THIET KE, CHE TAO HE THONG PHAN PHOI KHi SAY
TRONG THIET BI SAY NONG SAN DANG HAT

Design and manufacture hot air supplying system in grain drying system

Nguyén Vin Pat

Khoa Co Dién, Truong Pai hoc Nong nghié¢p Ha Noi

SUMMARY

A modified static drying system applied for drying grain was designed in which the hot air
supplying system with multiple tubes was vertically installed along the drying container’s length.
Similarly, the venting system was designed in parallel with the hot air supplying system. The drying
system was tested at different air flow speeds: 3m/s, 2.5 m/s, 2m/s, 1.5m/s. The results showed that the
inequality in grain moisture after drying, which is usually caused by the conventional static drying
system, was considerably reduced. However, more appropriate results were found at the air flow speed

of 2m/s due to a higher power efficiency.
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1. DPAT VAN BE

Trong qué trinh ché bién va bao quan nong
san sau thu hoach, cong nghé sdy co vai tro rat
quan trong va la mot mit xich quan trong cua
modt nén nong nghiép hién dai, gilt vai trd 1on
trong viéc nang cao chat luong san pham va
giam chi phi trong bao quan va ché bién néng
san dé tang tinh canh tranh cta ndng san trén thi
trudng trong nude ciing nhu trén thi truong nude
ngoai. Dbi v6i nong san dang hat, phuong phap
sdy dugc sir dung rong rai nhét 1a sdy dbi luu,
trong d6 cac thiét bi sdy tinh c6 uu diém la don
gian, von dau tu thdp va phu hop véi cac loai
néng san nhu ngd, dau tuong, ... trong diéu kién
san xuit nhé & nudc ta nén dugc st dung nhiéu
hon céac thiét bi séy dong (Pham Xuan Vuong,
2006). Két qua nghién ctru ciia Nguyén Vin Hoa
(2002) cho théy nhuoc diém cua céac thiét bi loai
nay 1a do dong déu cua san phdm khoéng cao.
Muc tiéu cta nghién ciru nay la xay dung mot hé
thdng phan phdi tic nhan siy nham dam béo ting
chat lugng va sy dong déu ciia san pham sdy va
c6 chi phi ning luong thap.

2. VAT LIEU VA PHUONG PHAP NGHIEN
cuu
Say 1a mot qua trinh phurc tap bao gom qua
trinh truyén nhiét va qua trinh truyén am. Viéc
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xac dinh truong chira am va truong nhiét do
trong 1ong vt siy 1a hét sirc phirc tap. N6 doi hoi
phai giai hé phuong trinh vi phén cua cac qua
trinh tmyen nhi¢t va tmyen chat v6i cac diéu
kién cu thé va v6i ché do sdy cu thé. Vi viy,
nghién ctru nay st dung phuong phéap nghién ciru
thyc nghiém trén co so 1y thuyét sdy va k¥ thuat
diéu khién tu dong. Muc dich nghién ctru nhdm
nang cao chit lugng sdy ndéng san trén co s
nhiing két qua nghién ciru cac hé théng sdy va nhu
cau vé thiét bi say nong san dang hat ciia ho nong
dan, voi dbi tugng nghién ctu dugc chon 1a loai
thiét bi sdy tinh theo phuong phap siy dbi luu.

Phuwong phap sd'y

Trong cac phuong phap sdy trén, phuong
phap sdy ddi luu duoc st dung rong rii dé sy
néng san vi n6 twong ddi phi hop hon véi tinh
chét da dang cua cac loai nong san: dang hat roi,
dang hat lop toi, dang cdy 14 (Pham Xuan
Vuong, 2006).

Tac nhan siy trong phuong phap di luu
thuong 14 khong khi nong. Nhiét dugc truyén tir
tac nhan sdy sang vat siy bang cach d6i luu.
Nang luong nhiét truyén nhd cach dbi luu s& lam
nong vat say, lam nude hod hoi thoat ra bé mit
vat sdy va lam bdc hoi nudc tir bé mit vét ra
ngodi. Hoi am s& dwoc dong khi thai dua ra
ngoai.
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Thiét bi sdy

Say dbi luu dugc chia lam hai nhom phu
thudc vao trong thai cua vat liéu sdy 1a siy dong
(vat liéu sdy chuyén dong nguoc chiéu véi dong

khi sdy) va séy, tinh (vat liéu sdy & trang thai tinh
con dong khi say chuyén dong qua khoi hat).
Thiét bi séy tinh dugc chia thanh hai loai:
say hiam va sdy cot (Nguyen Vian Hoa, 2002).
Cau triic cua thiét bi siy ham mé ta trong hinh 1.

Hinh 1. Mb hinh thiét bi siy him
1. Quat; 2. Buéng nung; 3. Kénh dan khi; 4. Lép vat liéu

Tac nhan siy sit dung trong sdy him la
khong khi. Dong khi duoc quat 1 thdi qua budng
nung 2 vao kénh dan khi 3. Tir kénh dan khi, khi
noéng di qua 16p vat li€u 4 va ra ngoai. Trong qua
trinh d6, khi néng truyén nhiét luong né mang
theo cho vat liéu séy, lam cho hoi nuéce tur li€u
bdc hoi ra ngoai vat sdy va dugc dong khi cudn
theo ra ngoai. L6p liéu dudi cing duoc tiép xtc
v6i dong khi sdy ¢ nhiét do cao va do am thap
nén duogc gia nhi¢t nhanh va qua trinh thoat hoi
am khoi vat cling nhanh. Nhiét do cta khi séy
giam dan con do 4m ting 1én. Cac 16p liéu phia
sau o téc do gia nhiét giam dan va qua trinh thoat
hoi & 4m ciing giam di. Nhu vay d6 a am cua khéi hat
sdy s& khong dong déu. Chiéu day cua 16p liéu sy
cang tang thi sy khong dong déu cang ting.

Uu diém cua thiét bi sdy ham 1a c6 céu truc
don gian, sit dung cac vat li€u thong dung, von
dau tu ban dau thap.

Hinh 2 mé ta ciu triic thiét bi siy try. Budng
sdy c6 dang hinh tru dugc tao béng hai tim véach
lu6i ¢6 khoan 15 nhé. Phan rdng & trong long
hinh tru la buong tich khi c6 ap suit cao, qua
trinh sdy xdy ra dong déu theo chiéu cao cot lidu
nhung theo ban kinh thi 16p trong s€ nhanh kho
hon 16p ngoai. So v&i sdy ham, sdy cot co6 wu
diém 1a do day 16p liéu theo phwong chuyén
dong ctia tac nhan siy nho hon, 6 dong déu cao
hon song cdu trac phirc tap hon, khdi luong vat
liéu sdy it hon nhiéu khi c6 cung kich thudc
ngoai nhu thiét bj sdy ham.

R

Hinh 2. M hinh thiét bi sdy tru
1. Quat; 2. Buéng nung; 3. Kénh dan khi; 4. Lop vat liéu
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Nhu vay van dé& chinh d6i voi cac thiét bi
sdy dbi luu tinh 13 can ting cudong do dong déu
ctia vat lidu siy dong thoi dam bao ning suit ma
khong phai ting kich thudc thiét bi siy. Pay
cling chinh I1a muyc tiéu can dat dugc cua dé tai.

3. KET QUA NGHIEN CUU
3. 1. Thiét ké hé thong phén phdi khi sy

Nghién ctru dé xuat két cdu budng siy cua
hé¢ thong siy tinh (Hinh 3) nham khic phuc cac
nhuogc diém vé d6 khong dong déu, vé nang suit
ctia thiét bi sdy tinh dang ham va dang try dong
thoi phat huy céc wu diém cia say tinh 1a thiét bi
nho gon, phu hop v6i nhy cau cua hd nong dan.
Trong két cu nay, tic nhan sy khong di tir dudi
dudi day thiét bi qua 16p vat liéu sy 1én trén nhu
trong thiét bi sdy ham truyén thng, do dé chiéu
cao cua 16p vat liéu siy khong anh huong dang
ké dén do dong déu cua vat lidu siy. Khong khi
néng duoc thdi theo chiéu ngang qua 16p vat liéu
sdy twong tu nhu trong thiét bi sdy tru, song
khong phai 1a di tir trong tdm tru thoat ra moi
truong qua 16p vat liéu sdy, ma di tir cac dng dan
khi néng qua 16p vat liéu sdy téi 6ng thoat khi.
Céc 6ng dan khi va thoat khi dugc b tri trong
long thing sdy theo huéng tap trung nhiét vao
trong 1ong thung sdy. Vo thung sdy duoc cach
nhiét véi moi truong.

Budng d6t c6 dang mot dng thing co tiét
dién vudng bén trong dat phan tir nhiét. Vo
budng d6t va budng chira déu dugc cach nhiét

Hinh 3. So d6 hé théng phan phoi khi sy
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v6i moi truong, mot dau budng ddt ndi voi quat
gi6 con dau kia dua khong khi nong vao thang
budng chua.

Két céu trén cho phép han ché su thoat nhiét
cuia vat liéu sdy ra méi truong so véi thiét bi sdy
tru. DO day 16p liéu c6 thé tinh toan dé dat do
ddng déu cao hon. Mit khac véi cing kich thudc
dung tich thung siy ting rat nhiéu so véi thiét bi
sy tru, twong duong thiét bj sdy ham.

Do chiéu cao 16p liéu khong c6 anh huong
dang ké dén do ddng déu cua vat liéu sy nén
chiéu cao cua thing say chi bi han ché bai cac 1y
do co hoc va tinh nang str dung.

Két qua tinh toan cho thiy tong dién tich
mit thoang dan khi va mit thoang thoat khi
twrong d6i 16n so v6i thiét bi sdy hdm va sy tru
cung kich thudc, diéu nay cho phép giam dang
ké cong suét quat gio, thdm chi tang kha nang
d6i luu ty nhién dén murc rat cao.

Khong khi duge dt nong trong budng ddt
va dugc quat gi6 thdi vao budng chira trude khi
vao budng sdy. Ngan chura ¢6 thé coi nhu mot
binh tich ap, vi thé ap suét trong nd va trong cac
duong ong dan co thé coi 1a nhu nhau. Ap sudt
16n s& ddy khong khi nong vao budng sdy theo
chiéu cao cua cot dan. Buong siy c6 duong kinh
ngoai 100 cm, chiéu cao 132 cm. Bén trong vo
budng sdy dugc 16t mot 16p cach nhiét day lem.
Dung tich chita cia budng sdy 1a 0,95 m’. Ning
sudt chira t6i da cia budng 1a 800 kg ngd hat.

Hinh 4. So d6 hé théng siy
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Véi phiét do trung binh cua moi truong 1a
2§°C, d6 am trung binh cua khong khi 80 + 85%
d€ tranh hién tuong ngung hoi ¢ 16p cudi cua vat
li¢u say nhiét d6 khong khi ra duoc xac dinh 16n
hon nhi¢t 46 méi trudng khoang 10°C. V6i ngd
hat nhiét d sy nam trong khoang 30 + 50°C nén
nhiét do khong khi dua vao budng say dugc chon
l1a 45°C nhiét d6 sau buong sdy cuia khong khi &
mtrc 30 + 35°C.

3.2. Tinh to4n céc thong sb

Cac thong sd cta hé thong duoc tinh toan
nhu sau (Tran Van Phu, 2000; Pham Xuan
Vuong, 2006):

Entanpi khong khi truéc budng dot 1a:

I, = 1,004.25 + 0,017.(2500 + 1,842.25)

= 68,383 kJ/kg kk.

Ap suét hoi bdo hoa & 25°C 1a:

4026,42
235,500 + 25
_ Luong chua 4m cua khong khi trude budng
dot la:
1,-1,004¢,  68383-1,004.25

P, = exp{lZ,OOO - } =0,0315bar

20 = =0,017
2500+1,842,  2500-+1,842.25
kgam/ kg kk.
Ap suét hoi bdo hoa & 45°C 1a:
P, = pl12,000——202042 _L_ 4 6955
235,500 + 45

Entanpi khong khi trudc khi vao budng sdy
(d;=d,) la:

I, =1,004.45 + 0,017(2500 + 1,842.45) = 89
kJ/kg kk.

Ap suit hoi bao hoa ¢ 45°C la:

P, = pl12,000— 202642 L _ 69554
235,500 1 45
D6 am tuong dbi :
) d,B 0017745/750) . o,

TP, (0621+d,) 0,0950,621+0017)

Cho ring I, = I = 89 kJ/kg kk. = hs. Néu
chon nhiét d6 khong khi khi ra khoi budng sdy la
30 °C thi luong chtra 4m Iy thuyét sau budng siy
cua khong khi dugc tinh:

_ 1,-1004, _ 89-100430 _ .
2 2500+1,842¢, 2500+1,842.30
kgam/ kg kk.
Ap suét hoi bao hoa tuong tmg vdi t, 1a:
P, = p{12,000 - M} = 0,042bar
235,5+30

b am tuong ddi cua khong khi sau sy ly
thuyét la:
d,,(745/750) 0.023745/750) R4.5%
= = = y 0
2 P,,(0621+d,) 0,0420,621+0.023

Luong chtta 4m tdc nhéan séy nhan tur vat
ligu say la:
. Ggeo =
am/ kg kk.

 Luong khong khi can thiét cho 1 kg nuéc
boc hoi la:

dy - d; = 0,023 - 0,017 = 0,006 kg

/- 1
0,023 - 0,017

Luong am b(”:)c hoi bing kh(‘)i’ luong ngd
trude say tru di khoi lugng ngd sau say:

W =(880—-875)0,9=4,5kg

Luong khong khi can thiét:

L=1LW =166,7 x4,5 = 750,15 m’

Thé tich khong khi can thiét 1a:

V=L/p=750,15/1,185= 633 m’

Thoi gian sy 1y thuyét tinh theo cong thirc
2-5):

7 = exp {%(m[(— %) In %D} ,

Vi hat nong san: k = 0,126 + 0,00517 x
45=0,359

=166,7 kgkk/kg am

n=0,54 +0,00324(17 ) = 0,542
23

£ = expl— In| —( ! )ln17_14 =7.84h
0,542 0359 23-14

Téc d6 sdy cudng buc trung binh duoc so
bo chon 1a 2m/s.
~ Tr6 lyc déi véi dong khi qua 16p hat v6i do
am 23% (Hoang Van Chudc, 1999) la:
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AP. =k V, +k,V;]
Trong do6 k; = 1,037, k, =0,0738.
Vi 16p hat day 0,25m, V=200 cm/s co:
AP, =0,1.0,25(1,037.200+0,738.200%) = 743,185N / m*
Ton that do tré Iuc cuc bo léy béng 5% téng ton
thét thi co:
AP =1,05x743,185 =780 N /m*
Cong suét ctia quat:
kVp, AP 1,5.633.1,293.780

= = =0,561kW
3600.102.p77 3600.7,84.102.1,185.0,5

~ Chon quat ly tdm c6 dong co dién v6i cong
suat 0,75 kW, s6 vong quay 1450 v/ph.
Nhiét luong tiéu hao cho qua trinh sy 1a:
Q= V(L -1y = 633(89-68,383)=13050 kJ
Két qua khio nghiém cho t}}éy mpén dat
nhiét do khong khi dwa vao budng sy 45°C
nhi¢t d§ sau buong dot cuia khong khi phai & muc
55 +60°C.
Ap suét hoi bdo hoa & 60°C 1a:
4026 ,42
235,500 + 60

Do am tuong doi :

P, = p{12,000 - } = 0,196 bar

. d,B _0,017(745/750)
7B (0,621+d,)  0,196(0,621+0,017)

=13,5%

Entanpi khong khi sau budng dt la:

I, = 1,004.60 + 0,017(2500 + 1,842.60) =
104,62 kJ/kg kk.

Nhiét luong calorifer cung cép la:

Q = V(I; = Iy) = 633(104,62 — 68,383) =
22938 kJ = 6,37 kW

Chon phﬁn tur nhiét c6 cong sudt 2,1 kW.
3.3. Khio st xac dinh quy trinh siy

Trong qua trinh séy khao sat ché do lam
viéc cua thiét bi, 40 4m hat dugc kiém tra béng
thiét bi do d6 4m PM — 400, thiét bi dung dé do
d6 am khong khi méi truong va dé chuan hoa tin
hiéu diéu khién 1a loai PSYCHRO — DYNE -
22010 — 22012 — 22014. Nhiét d6 duoc do bang
cam bién TCM va bang nhiét ké.

Céc dau do nhiét do dugc bo tri tai budng
sdy va & bon vi tri cach déu theo chiéu cao cua
buong say.

Céc thong sb nhu tdc do gid, nhiét do sdy
duoc thay doi dé xac dinh gia tri phu hop nhat.

Két qua thyc nghiém thu dugc véi tde do
gi6 3 m/s (Hinh 5). Nhiét d6 moi truong tur 25 —
27°C. B am khong khi 80 — 85%. P am hat
trudc séy 18%. Trong hinh 5, cac do thi 1,2, 3
biéu dién nhiét d6 cac 16p vat liéu dugc khao sat
theo chiéu tir dudi 1én. Do thi 4 14 nhiét d9 khong
khi thoét ra sau budng sdy. Do thi 5 1a nhiét do
khong khi sdy. D 4m hat sau siy 14,2%.
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Hinh 5. Két qua thue nghiém véi téc dd gi6 3m/s

Két qua thyc nghiém véi tde do gi6 2, 5 m/s
(Hinh 6). Nhiét d6 moi truong tir 22 — 23°C. Do
am khong khi 60 — 65%. Do am hat trudc say
23,8%. Trong hinh 6, cac d6 thi 1, 2, 3, 4 biéu
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dién nhiét do cac 16p vat lidu dugc khao sat theo
chiéu tir dudi 1én. Do thi 5 1a nhiét d6 khong khi
thoat ra sau budng sdy. Do thi 6 1a nhiét do
khong khi siy. P am hat sau siy 19,2%.
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Hinh 6. Két qué thwe nghiém véi tbc dd gié 2,5m/s

Két qua thuc nghiém véi toc do gi6 2 m/s
(Hinh 7). Nhiét d6 moi truong tir 25 °C. P am
khong khi 82 %. P am hat trudc sdy 21%.
Trong hinh 6, cac dd thi 1, 2, 3 biéu dién nhiét do
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cac 16p vat liéu dugc khao sat theo chiéu tir duéi
1én. D4 thi 4 1 nhiét do khong khi thoat ra sau
budng sdy. D thi 5 1a nhiét do khong khi sdy.
D6 4m hat sau séy 15,3%.
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Hinh 7. Két qua thye nghiém véi toc dd gié 2 m/s

Két qua thyc nghiém véi toc do gi6 1,5 m/s
(Hinh 8). Nhiét d6 méi trudng tir 25 - 27°C. Do
am khong khi 80 - 85%. D am hat truéc sdy
23,4%. Trong hinh 8, cac d thi 1, 2, 3 biéu dién
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nhiét d6 cac 16p vat lidu dugc khao sat theo chidu
ttr dudi 1én. D6 thi 4 14 nhiét d6 khong khi thoat
ra sau budng say. D0 thi 5 1a nhiét do khong khi
séy. Do 4m hat sau séy 16, 4 %.
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Hinh 8. Két qua thwc nghiém véi te d gi6 1,5 m/s
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C6 thé nhan thiy ring véi tc do gio 3 m/s
thi nhiét do khong khi ra chi thép hon nhiét do
khong khi trudc sdy khoang 3 dén 5°C. Luong
nhi¢t that thoat do tic nhin sdy mang ra ngoai
16n, thoi gian sdy bi kéo dai. Nhuoc diém nay
giam dan khi giam toc do gio.

Véi te do gidé 2m/s nhiét d6 khong khi ra
khoi budng sdy thap hon nhiét do khong khi vao
khoang 10°C, dap tmg dugc yéu cau dit ra khi
tinh toan.

Véi tbe do gi6 1,5m/s nhiét d6 khong khi ra
khoi budng sdy thip hon nhiét d6 khong khi vao
khoang 15°C, nhiét do vat lidu say khong déu

theo phuwong cua gi6 nong, co thé giy ra hién
tuong dong suong, khong dép tng duoc yéu cau
dat ra khi tinh toan. Nhiét dg gitra cac 16p khong
deu.

Két qua khao sat con cho thdy ring nhiét
d6 trong budng sdy tuwong ddi déu doc theo
chiéu cao cua budng sdy. Khao sat nhiét do
khong khi trude va sau budng sy ta thay nhiét
d6 do & 6ng dan cho thiy bang voi nhiét do
khong khi trong budng chtra. Nhiét d6 khong
khi ra khoi budng say thap hon nhiét d6 khong
khi vao khoang 10°C, chénh l1éch nay phu hop
v6i yéu cau dit ra.
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Hinh 9. Két qua do theo doc dudng chuyén dong ciia dong khi

Trong mdt hudng khao sat khac két qua do
theo doc duong chuyén dong ciia dong khi cho
thiy nhiét do khong khi giam dan tuong ddi
déu (Hinh 9). Diéu nay cho thiy su hép thy
nhiét cua vat liéu sdy cling tuong dbi déu theo
tiét dién ngang cua buong say. Két qua trinh
bay trén hinh 9 cho thiy rang téc d6 tac nhan

25

say 2 m/s (do thi 3) 1a phu hop nhat mg véi toe
d6 Ay thiét bi siy cho san pham say tuong ddi
dong déu va dam bao tiét kiém nhiét.

Khao sat su thay dbi cua do am theo thoi
gian ta cling thay toc do gié 2m/s cho két qua
tot nhat (D6 thi 3, 4; Hinh 10).
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Hinh 10. Khio sat sy thay ddi ciia dd 4m theo thoi gian
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4. KET LUAN

Két qua khao sat cho thay so vai cac két cau
trén hinh 1 va trén hinh 2 thi hé théng duoc thiét
ké, ché tao theo md hinh trén hinh 3 ¢6 nang suét
16n hon thiét bi sdy try va twong dwong thiét bi
sdy hdm c6 cung kich thude.

Do ddng déu san pham sy theo chidu ding
va theo tiét dién ngang déu duoc nang cao va
dam bao yéu cau.

Chiéu day 16p Vat liéu theo phu’ong chuyén
dong cua tac nhan sdy nho nen cong sudt quat glo

yéu cau nho, thoi gian sdy dugc rat ngan tiét
ki€m nang luong.

Nhu viy co thé thiy rang hé thong phan
phoi khi sdy dugc ché tao da dap tmg dwoc cac
yéu cau dat ra va c6 kha nang ung dung trong
thuc té.
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