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TOM TAT

Bai bdo nay trinh bay vé két qua nghién ciru ché tao mdy sdy da ndng cong sudt Skg/mé c6
4 ché a@j hoat dong gom sy néng bang dién tré, sdy néng bang tia hong ngoai, say bom nhiét, sdy
bom nhiét két hop véi hong ngoai. Cdc thong s6 mdy sdy dwgc thiét ké cé thong sé ky thudt: buong
say kich thide (dai x rong x cao) 450 x 480 x 30mm, céng sudt dién tré 3kW, céng sudt den hong
ngoai 3kW, cong sudt cia bom nhiét 0,7kW. May duoc diéu khién bcing man hinh HMI, nhiét do tac
nhén sdy tir 40=80°C, do am 15+20%, toc dé tic nhan sdy dwoc diéu chinh ¢ 3 mire. Két qud nghién
cieu thire nghiém xodi sdy déo trén mdy sdy da nang & ché dé sdy néng bang dién tré, sdy néng bang
tia hé‘ng ngogi, sdy bom nhiét, scfy bom nhiét két hop voi héng ngogi tai nhiét do 50°C, toc dé gio
1,5m/s c6 dién nang tiéu thu [kW.h/kg] lan leot 8,92; 9,17; 8,25; 7,13 khi @6 am ciia san pham sau
say 15+20%.

Tir khéa: Mdy sdy da nang; Xodi sdy déo; Hong ngoai; Bom nhiét; Bom nhiét — Hong
ngogi.

ABSTRACT

This article presents the results of research on fabrication of a multi-function dryer with a
capacity of 5 kg/batch. The dryer is operating 4 modes including hot drying by resistance, hot drying
by infrared, heat pump drying, heat pump drying combined with infrared. The dryer parameters
are designed with specifications. size drying chamber (length x width x height) 450 x 480 x 30mm,
resistance power 3kW, infrared lamp power 3kW, power of heat pump 0.7kW. The machine is
controlled by HMI screen, drying agent temperature 40+80°C, humidity 15+20%, drying agent
speed is adjusted at 3 levels. Results of experimental research on flexible dried mangoes carried out
on multipurpose dryers in resistive drying mode infrared drying mode, heat pump drying mode, heat
pump and infrared drying mode at temperature 55°C, wind speed 1.5m/s with power consumption
[kW.h/kg] respectively 8.92; 9.17; 8.25; 7.13 when the moisture content of the drying product is
15+20%.

Keywords: A multi-function dryer, Flexible dried mangoes; Infrared; Heat pump, Heat
pump — infrared.
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1. PAT VAN PE

Ham luO'ng nudc trong cac san pham
thyc pham twoi séng thuong rat cao, néu khong
duoc lam kho kip thoi s€ bi méc, 6i thiu anh
hudng xau dén chat lugng. Bén canh do6, thoi
gian thu hoach cuia mot $6 loai thuc phém rat
ngin, dé bao quan t6t hon mot sb luong 16n
cac loai thyc pham da thu hoach can co phuong
phap sdy hiéu qua cao. Hon nita, nhiéu sdn
pham thyc pham dic trung cua cac ving mién
thuong dugce ban ¢ dang kho vi chiing c6 huong
vi vuot troi so luc tuoi.

Vi vay, sdy kho da tré nén rat phd bién
trong viéc bao quan cac san phdm thuc pham.
Dé dap Gmg nhu cau vé sy, nhidu cong nghé
siy nhu sy khi nong, siy bom nhiét (BN),
sdy hong ngoai (IR)... dd dugc ap dung thanh
cong cho cac san pham khac nhau. Mdi phuong
phéap séy déu c6 nhﬁng vu diém va nhuoc diém
riéng. Say kho bang khong khi nong 1a phuong
phap siy kho duoc st dung rong rai nhat hién
nay. N6 khong doi hoi cong nghé thiét bi va
van hanh cao, d& van hanh va chi phi thap.
Quy trinh san xudt c6 thé kiém soat dugc va
dé cong nghiép hoa [1]. Sdy kho bang khong
khi néng (TNS) van l1a phuong phap xir Iy duoc
str dung phé bién nhét trong cic nha may. Tuy
nhién, say kho bang khong khi nong cling lam
giam két cdu, mau sic va huong vi cua hai sdm
[2, 3]. Trong khi d0, siy bang BN c6 thé diéu
chinh dugc thoi gian va nhiét do sdy dé han
ché sy bién mau cua san pham do tac dung cia
cac phan tng tao mau phi enzyme dong thoi
[4]. Ning luong tiéu thu siy bang HP it hon
60% dén 80% so v&i phuong phap siy bang
khong khi néng ¢ cung nhiét do theo [5] va [6].
Diéu nay cho thay siy bang HP 1a mot lya chon
dang quan tm vé tiét kiém ning luong so véi
phuong phap say bang khong khi néng [7]. Bén
canh d6, HP c6 thé doc 1ap kiém soat nhiét do
sdy va d6 am khong khi nhung thoi gian siy

kha dai [9], [10]. Do d6, dé rt ngan thoi gian
sdy cho phuong phap sdy bang HP, can phai bd
sung thém ngudn ning luong khac va sir dung
nang lugng IR 1a mét phuong phap khé hi¢u
qua [11]. Theo [11], [12] cho thiy véi phuong
phap sy bang HP-IR thi tong nang lugng duoc
str dung cho quy trinh sdy giam khi ting cuong
d6 IR, tang toc do sdy.

Nhu vay, viéc két hop nhiéu cong nghé
sdy trén cung mot may ¢ nhiéu vu diém nhu
séy duogc nhiéu loai thuc pham, c6 thé lya chon
nhiéu cong nghe sdy phu hop gitp nang cao
chat luong sdy va glam gia thanh thlet bi. bay
1a co s& xuat hién ché tao may sdy da ning
dugc lya chon nghién ctru cta dé tai. Bai bao
nay trinh bay vé két qua nghién ciru ché tao
may sdy da nang c6 cong suit 5 kg/mé c6 bdn
ché dd hoat dong nhu séy nong béng dién tro,
say nong bang tia IR, siy BN, sdy BN-IR dé
sdy nhiéu loai san phdm khac nhau phuc vu cho
phong thi nghiém, thuc hanh va cidc nha may
san xuat thyc pham.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CcUU

2.1. P6i twong nghién ciru

Dbi twong nghién ctru cia dé tai 1a ta
séy cong suit 5 kg/mé co cac ché do say nhu
sdy nong bang dién tro, siy nong bang tia IR,
say BN, say BN-IR va thuc nghlem cac ché do
sdy trén xoai keo vira chin téi cét 1at mong 5
mm mua & chg Hoc Mon dé dat xoai sdy déo co
do am 15-20%.

2.2. Phwong phap nghién ctiru
2.2.1. Lwa chon phwong dn thiét ké

Sau khi tham khdo mot s6 mdy say trong
va ngoai nudc, trén co s¢ muc dich cua de tai,
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phuong an thiét ké duoc chon nhu sau: Phuong
thirc sdy theo mé, bd phan chia nguyén lidu
dang budng (sdy tinh), san pham duogc dit trén
khay co dot 16, vat liéu chinh ché tao budng
sdy, khay, kénh dan dung vat liéu inox 304 1a
thép hop kim chuyén ding trong ché tao thiét
bi thuc pham. BO gia nhiét dién tré va hong
ngoai, may lanh duogc lép ghép ting bo phan
theo nguyén 1y BN. Nhiét d6 TSN c6 thé diéu
chinh tir 40+80°C, téc do quat duoc diéu chinh
qua ba mtrc.

2.2.2. Phwong phap tinh todn

Can ¢ vao md hinh sdy duoc chon tir
phuong an thiét ké dé tinh toan tai nhiét cho
cac thiét bi. Trén co so 1y thuyét ciia qua trinh
sdy khi nong bang dién trd, khi nong bang hong
ngoai, séy BN, tuan hoan khi trén dd thi t-d,
chu trinh may lanh 1 cap sir dung méi chat R22
trén dd thi T-s, tinh toan céac thong sb can thiét
cho may sdy. Phan thyuc nghiém: Gia cong, lap
dat may sy, thir nghiém say xoai.

2.2.3. Phwong phdp ché tao

Duya vao ban v& thiét ké va trang thiét
bi san c6 & Xudng Co khi tai Trudng Pai hoc
Cong nghiép Thuc pham dé ché tao thiét bi.
Quy trinh ché tao nhu sau: do cit vach budng
sy — boc cach nhiét — han ghép thanh vach
budng sdy hoan chinh — ldp ghép tao thanh
budng sy — lap thiét bi — lap dat phan diéu
khién — chay thir khong tai — hiéu chinh —
hoan thién.

3. KET QUA VA BAN LUAN
3.1. Miu may lwa chon ché tao

Sau khi tham khao mdt sO may say
trong va ngoai nudc cling nhu phan tich cac uu,

nhugc diém, nhom nghién ctiru chon mau may
nhu hinh 1.
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Hinh 1. So dé bé tri thiét bi trén mdy sdy da ndang

Trong do:

1. Quat ly tam 11. Hop gio duoi 21. Tam gdn dién tré

2. Vach gin quat ly

12. Mang nuoc 22. Dién tro

tam
3. Hop gio trén 13. Tu dién 23. Bén hong ngoai
4. Véch budng trdi 14. May nén 24. Cira chinh

5. Cuwa phu trén 15. Dan nong phu 25. Van dién tr 1

6. Tam ngan c6 16

dén gi6 16. Vach buong phai  26. Van dién tur 2

7. Cdm bién nhiétdg 17. Cam bién nhiét 27. Tam ngdn trén
sau dan nong trudc buong say dudi

18. Cdam bién dé am

truce budng sdy 28. Vach buong say

8. Dan nong

9. Car‘n bién nhiét do 19, Mat phai ti 29 Cam bién buong
sau dan lanh say

10. Dan lanh 20. Noc tu 30. Vo may

May sdy da nang dugc thiét ké theo so
do hinh c6 nguyén 1y hoat dong & cac ché do
nhu sau:

Cong nghé say BN: Quat (1) hut khong
khi va 4m ctia VLS trong budng say thoi vao
dan lanh (10), dong khong khi 4m qua dan
lanh s€ ngung tu thanh nudc, nudc duge dua
ra ngoai theo mang dan. Dong khong khi tiép
tuc di vao dan nong (8) va qua dién tro (22) dé
gia nhiét 1én dén nhiét d6 yéu cau. Dong khong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I TAP CHI CO KHI VIET NAM, S6 304 thang 6 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

khi ¢6 nhiét do cao, Am do thép sé di vao buéng
sdy nhan am tir VLS nhd quat ddy dén dan lanh
tach Aam. Nhu vy, TNS duoc tuan hoan va 4m
trong VLS dugc ngung tu tai dan lanh duoc dua
ra ngoai s& lam xoai giam am dan va kho. Trong
luc qué trinh séy BN hoat dong, cho den héng
dong thoi hoat dong thi dugc ché do siy BN-IR.

Cong nghé say IR c¢6 nguyén ly hoat
dong: Den IR (23) sang phat ra tia IR tao do
néng tac dong 1én VLS lam cho vat lidu sy
kho dan, do am trong VLS duoc tach ra bén
ngoai, dé day do am cua VLS ra ngoai budng
sdy dung quat ly tam (1) thdi ludn gio tir phal
sang trai thong qua cac 16 gié cta vach budng
phai (16) va vach buong trai (4) nho vay ludn
tao ra ludng khi tudn hoan, day khi am lién tuc
ra bén ngoai trong qua trinh say.

Cong nghé sy dién tré nhiét co nguyén
1y hoat déng bi¢n trd nhi¢t (22) lam khong khi
nong dan de sir dung lugng khi néng nay vao
buong say can quat ly tim (1) tac dong thdi vao
budng sy thong qua cac 16 gi6 cua vach budng
phai (16), tic dong dén VLS, do day la khi vong
tuan hoan vi dong khi néng mang theo do am
s& thoat ra cac 16 gié vach budng trai (4) nén do
am trong VLS ciing dugc ddy ra bén ngoai lién
tuc trong qua trinh sdy.

3.2. Tinh toan thé tich budng siy

Tt nang sudt budng say: G, =G, =5
kg/mé, tinh thé tich hitu dung vV, =0, 346m2
trong thiét ké, so bo chon khoang cach glua cac
khay la: h, = 88mm, du kién chon so lugng
khay n=5 khay Chiéu cao budng sdy: khoang
cach tu khay trén dén dinh chon h = 99mm,
nén tong khoang cach giira cac khay (n—1).h,
= 696,8mm, h, la khoang cach tur khay dum
cung dén mat du(n chon h, = 174,2mm, chleu
cao budng say la: h =h_ + (n—1).h +h, =
895mm, moi khay chira 1 kg vat liéu say nen cod
kich thuéc (RxDxC) 450 x 480 x 30mm, téng

khoang cach lam khung gia d& hai bén 206 mm
va khoang cach vdi cac vach sdy 100mm. Vay
kich thudc cta budng siy dai x rong x cao 1a
500 x 686 x 995mm. May dugc boc cach nhiét
bang bong thuy tinh ¢ chiéu day 50mm, phan
lap dat dan lanh, dan néng va quat 364mm vé
chiéu dai va phan k¥ thuat gébm lap dit may
nén, dan ngung phu va ta dién 600 x 1150 x
705 mm dén t6i kich thuéc may say 1a 600 x
1150 x 1800 mm.

3.3. Tinh toan nhiét qua trinh siy

My sdy da ning co thé chay cac ché
d6 riéng biét nhu sy nong bang dién tro, sdy
néng bang dén IR, BN nén nhom nghién ctru s&
tinh toan va chon thiét bi riéng cho ting ché d6
sdy trén. Ché do sdy BN-IR thira huong két qua
tinh toan cua BN va IR. Thong qua két qua tinh
toan, may sdy di dugc ché tao vai cac thong sb
k¥ thuat trén bang 1.

Bang 1. Théng s6 ky thudt may sdy da niang di ché tao

STT Tén by phin Théng sb

1 Vit lidu ché tao Inox 304

2 Kich thudc may séy (RxDxC) 6?2 8(01;;(1) x

5 | Kich thuoe budng siy 500 x 686 x 995
(RxDxC) mm

4 | Kich thuée khay sy 450 x 480 x 30
(RxDxC) mm

5 S lugng khay 5 khay

6 | Cong sudt may nén 1 HP

7 Cong suat dong co quat 350 W

8 | Coéng suét dan bay hoi 1 HP

9 Cong suit dan nong phu 0,5 HP

10 | Cong suit dan néng chinh 1 HP

11 | Cong suét dién tré sdy 3 kW

12 | Cong suit dén hdng ngoai 3 kW

13 | Nhiét @6 TNS 40-80°C

14 | Do 4m TNS 15-20%

15 | Téc do TNS 0,3 +2,0m/s

16 | bién ap st dung 220V/50 Hz
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Hinh 2. May sdy da nang dwgc ché tao
3.4. Thyc nghiém sy xoai

Qua trinh thuc nghiém sy xoai keo qua
so ché cét thanh lat mong 5mm, chan qua nudc
néng, ngdm qua dich duong roi duge dua vao
may sdy da nang vira ché tao dé thuc hién siy
& nhiét do 55°C, toc do TNS vio budng sy la
1,5m/s, khéi lwong VLS 1200g & cac ché do

sdy & ché do khi néng bang IR (H1), & ché do
khi néng bang dién trg (H2), (H3) & ché do BN,
& ché do BN-HN(H4). Két qua thyc nghiém thu
dugc db thi tdc do giam am trung binh giira cac
mau khi thay doi ché d¢ say nhu hinh 3.

80.00
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% 40.00
L
@ 20.00
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70 300
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Hinh 3. D6 thi toc dp giam am trung binh giita cdc
mau khi thay doi ché dé sdy

Téc d6 sdy thay doi & cac ché do siy
khac nhau. Téc do siy ting & ché d6 BN-IR so
v6i ché do sy BN (hinh 3). Piéu nay din t&i
thoi gian sy ¢ ché do BN-IR duoc rat ngin
hon ché d6 say BN. Ning lugng dién tiéu thy
cling nhu mau sic ciia san pham thé hién qua
bang 2.

Bang 2. Bang so sanh cac che do say o may sdy da nang khi say xoadi

(A D am v?t A!iéu Thoi gian siy Nﬁ.nAg lugng Piém cam quang
STT Phuong phap say sau khi say . tieu thu A a ¢
[%] [gio] (KW.h/kg] v€ mau sac
1 Say nong bang IR 15-20 3.5-4.0 8.92 4.62
2 Say nong bang dién tro 15-20 4.0-4.5 9.17 4.82
3 Say BN 15-20 3.5-4.0 8.25 4.92
4 Say BN-IR 15-20 2.5-3.0 7.13 4.77

(H1) (H2)

(H4)
Hinh 4. Xoai sau khi dwoc sdy déo qua cdc ché d ciia may sdy da ndng

(H3)
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Thoi gian sdy ¢ ché d6 say BN-IR duoc
rit ngén so v6i cac ché do say khac, tuy nhién
dién nang ti€u thu lai I6n hon va mau sdc khong
dep bang sdy BN nhung van dep hon ché do
sdy IR.

4. KET LUAN

May sdy da ning da dugc ché tao voi
ning suit 5 kg/mé, dugc diéu khién bang man
hinh HMI, cac thong sb nhiét do cua qué trinh
sdy dugc hién thi va gidm sat trén man hinh.
Céc ché do sdy dugc diéu chinh linh hoat. Két
quéa thyc nghiém trén may sdy thong qua ché
d6 siy nong bang dién trd, siy nong bang hong
ngoai, séy BN-IR ¢ nhiét d6 tac nhan séy 55°C
va & van toc TNS vao budng sdy 1,5 m/s cho
két qua dién nang tiéu thu [kW.h/kg] 1an luot 1a
8,92:9,17; 8,25; 7,13 va mau sdc san pham sy
& ché do BN cho két qua t6t nhat roi t6i sy khi
nong bang dién tre, say BN két hop voi hong
ngoai, say hong ngoai.

Véi muc dich giam gia thanh thiét b,
may sdy da ning co thé sdy duoc nhiéu cong
nghé khac nhau. Nhom nghién ctru dé xuat co
thé két hop thém mot sé cong nghé say bang
song radio. **
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