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TOM TAT
Bai bdo trinh bay két qud nghién ciru ché tao mdy sdy bang bom nhiét két hop véi bire xa hong ngoai
néng sudt 5 kg/mé. Theo do, cdc thong s6 ky thudt chinh ciia may sdy da diege thiét ké: phong say (dai x réng
x cao) = 700 x 740 x 1200 mm; céng sudt ciia mdy nén Ns = 745W; dién tich trao d6i nhiét ciia dan ngung tu
trong F = 5,815 m? dién tich trao doi nhiét cia dan bay hoi dat 3,406 m?; éng mao c6 dwong kinh 2 mm véi
chiéu dai 1500 mm; dg am twong doi ciia khéng khi sdy okk = 15 + 17%. Két qua nghién ciru thire nghiém sdy
16m thé va lat bo véi thoi gian sy khodng 2,73 gio cho chat lwong tot nhdt va ndng sudt sdy cao nhat.
Tir khéa: Sy bang bom nhiét két hop birc xa hong ngoqi, sy bo, sdy tom
ABSTRACT

The paper presented research results of manufacturing a heat pump dryer combined with infrared
radiation with a capacity of 5 kg/batch. Accordingly, the main specifications of the dryer had been designed:
drying room (length x width x height) = 700 % 740 % 1200 mm; capacity of the compressor Ns = 745W; heat
exchange area of the condenser in F = 5.815 m?; the heat exchange area of the evaporator reached 3.406 m?;
the diameter of capillary was 2mm and length 1500 mm;, the relative humidity of the drying air pkk = 15+ 17%.
The results of experimental research on drying white shrimp and dried avocado slices with the drying time of
about 2.73 hours had the best quality and the highest productivity were reached.

Key words: Drying by heat pump combined with infrared radiation, drying avocado, drying shrimp

I. PAT VAN PE

Strommen [6] va Levent Taseri., 2018 [7]
cho rang say bang bom nhiét (HP) tiéu thy ning
luong it hon 60% dén 80% so v6i phuong phap
sdy bang khong khi néng hoat dong & cung
nhiét d6. Piéu nay cho thay sdy bang HP la
mot lya chon dang quan tam vé tiét kiem nang
lwong so v6i phuong phép siy bang khong khi
nong (Schmidt EL [8]). Bén canh d6, Moses
[13] va Minea [14] d4 cho rang sdy bang HP
c6 thé doc lap kiém soat nhiét do sa"iy va do
am khong kh1 nhung thoi gian sdy kha dai. Do
do, dé rat ngan thoi gian sdy cho phuong phap
sdy bang HP, can phai bd sung thém nguon
ning luong khéac va str dung ning luong hong
ngoai (IR) cho muc dich nay 1a mot phuong

phép kha hiéu qua (Park J H, Lee J M [15]).
Nghién ctru ctia Yun Deng [9, 10], khi sdy muc
bang bom nhiét két hop hong ngoai (HP-IR)
cho thiy rang su gla tang cuong do IR da gop
phan ting toc do say va giam thoi gian siy.
Nghién ctru cua Xlaoyong Song [11] va Song
Xlaoyong [12] cho thay v&i phuong phap sy
bang HP-IR thi tong ning luong duogc st dung
cho quy trinh siy giam khi ting cuong do IR.
Song Xiaoyong con nhan xét 1a may siy HP-IR
lam tang toc do sdy va lam giam muc d phan
g Maillard va nang cao chit lugng san phérn
khé. Nhu vy, c6 thé néi phuong phap sdy bang
HP-IR ¢6 nhiéu vu dlem nhu giam thoi gian
say, tang su dong déu vé nhiét do trong vat li¢u
sdy (VLS) va qua d6 gop phan ting chat lugng
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ctia san pham kho. Pay 1a co s¢ cho su xuit
hién ciia phuong phap siy bang HP-IR duoc
Iwra chon trong nghién ctru cta dé tai. Trong bai
bao nay chung t6i trinh bay két qua nghién ctru
thiét ké ché tao may say sur dung cong nghé két
hop gitta HP va IR dé siy nong san, thuy san
phuc vu nhu cau tiéu dung trong nudc va xuat
khau.
IL. POI TUQNG VA PHUONG PHAP
NGHIEN CUU
1. Pdi twong nghién ciru

Déi tugng nghién ciru trong dé tai 1a ta séy
bang bom nhiét két hop hong ngoai HP-IR daé
sdy nong san va thuy san véi ning suat Skg/mé
2. Phwong phap va thiét bi nghién ciru
2.1. Phuwong phap nghién ciru

Phuong phap nghién ctu 1a tinh toan ly
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thuyét két hop voi thuc nghiém kiém chimg.
Tinh toan qua trinh nhigt, 4m dé xac dinh duge
cac dai luong dac trung cho chu trinh nhiét
dong 1am co so dé thiét ké va ché tao may say.

Phan thwe nghigm: Gia cong, lap dit may
sdy, thir nghiém sdy tom thé chén tring va lat
bo.

2.2. Thiét bi nghién civu

May sdy bang bom nhiét két hop birc xa
hong ngoai dugc thiét ké ché tao theo so dd
nguyén ly trinh bay trén hinh 2.1.

Thiét bi sy duoc thiét ké va ché tao dé
sdy nong san, thy san voi ning suat 5 kg/mé.
Céc thong s6 sdy co thé van hanh dugc ¢ cac
khoang nhu sau: Nhiét do sdy (t) tir (20 + 70)

°C, van toc gio (V) tir (0,5 + 5) m/s, cong suit
hdng ngoai (IP) tir (200 + 2000) W va khoéang
cach tir dén IR dén VLS (H) tir (20 + 40) cm.
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Hinh 2.1. So d6 nguyén Iy ciia may siy bom nhiét két hop hong ngoai IR-HP.
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Thiét bi sir dung chu trinh bom nhiét may nén
v6i moi chat lanh 1a R22. Dan bay hoi cua thiét
bi véi nhiém vy lam lanh tach 4m tir tic nhan
séy (TNS) trong buéng séy, duoc chon la loai
ong ddng c6 canh nhom. Nhiét toa ra ¢ dan
ngung tu ctia thiét bi dugc tan dung dé gia nhiét
lam nong TNS trude khi vao budng sdy. Quat
trong buéng séy duogc lya chon la quat léng soc
¢6 cot ap thich hop dé thyuc hién qua trinh sy
ddi Iuu, bd phan tiét lwu duge lua chon 13 loai
dng mao don gian.

III. KET QUA TiNH NGHIEN CUU VA
THAO LUAN

1. Két qua tinh toan nhiét, chon may va thiét
bi cho hé théng siy

EFkg ki 1 A

o= 457

hESC

d k.;gl;:-l:
Hinh 3.1. Biéu dién qua trinh sy trén dé thi I-d.
1.1. Quid trinh sdy thwc trén do thi I - d

Bing 3.1. Thong s6 trang thai ciia khong khi 4m
tai cac diém nit cta chu trinh trén do thi I—d.

Diém ¢ M d I
°C | % | kg/kgkkk | kJ/kgkkk
1 15 | 90 0,008 38
2 40 | 15 0,008 64
3 60 | 17 0,021 115

Trong do: Trang thai ciia TNS sau dan bay
¢6 d6 4m @1 = 90% [2, 3], nhiét do bé mit cua
dan bay hoi: tdl=to+ At=0+ 10 =100C (chon
At =7 =+ 10°C) [2]; nhiét d0 cua TNS sau khi
ra khoi dan ngung tu t2 = 40°C [4]; nhiét 40 va
d6 4m cua TNS trong budng sy ts = 60°C, @s=
17% [1]. Theo d6, tra d6 thi I-d (Hinh 3.1), két
qua da thu duoc cic thong sé trang thai nhu

dung 4m d (kg/kgkkk) va entanpi I (kJ/kgkkk)
tai cac diém nit cua chu trinh (Bang 3.1).
1.2. Xdc dinh luwgng nhié¢t ma dan ngung tu
cdn cung cdp cho buong siy
Do 4m cua nguyén li¢u tom the sau khi lude
duogc xac dinh W1 = 70%, theo yéu cau cong
nghé, d6 4m san phdm kho dat W2 = 20% [1],
[5]. Xac dinh cac dai luong dédc trung cho qua
trinh sdy nhu sau [3]:
Lugng am bdc hoi trong mot mé say:
W -W, 70 - 20
W=G, =7
100 - W, 100 - 20
Khdi luong san phdm sau khi sy:
G:=Gi1-W=7-47375=2,625 kg/mé
Thoi gian sdy dd xac dinh lat=3 h[1]
Luong am bay hoi trong 1 gio [3]:
W 4,375
W =—=——=1458kg/h
T 3
Luong khong khi kho can thiét dé lam bay
hoi 1 kgam [3] )i
l=

=4,375 kg/mé

= 76,923 kg, /kg,
d,-d, 0,021-0,008
Luong khong khi kho thyc té
L=I1LW, =76923.1458=112,153 kg/h
Nhiét can thiét dé gia nhiét cho khong khi
theo 1y thuyét [3]:
Qx = L(I> - i) = 112,153(64 — 38) =
19813,415 kJ/h =2,916 kW
Tuy nhién trén thyc té lugng nhiét cAn cung
cép cho budng sdy cao hon vi cin bd sung vao
cac thanh phan ton that nhiét khac nhu nhiét
dé nang ~gia d6 nguyén liéu sdy dén nhiét do
phong sdy Qs1, nhiét dé 1am nong nguyén liéu
say Qs, nhiét ton that ra moi truong Qss. Nhiét
tén that cua thiét bi sdy:
Qs=Qs1+ Q2+ Qs3 = 137,853 W
Ning sut nhiét ciia dan ngung ty can cung
cap cho budng siy:
Qx = Qxr =2916 + 137,853 = 3053,853 W
= 3,053 kW
Pay ciing 13 ning sudt nhiét ma dan ngung tu
trong cta bom nhiét can cung cip cho budng siy.
Nhiét toa ra do dén burc xa héng ngoai:
Nhiét do vat liéu sdy hap thu trong qua trinh
sdy cling chinh la luong nhi¢t ma den hong
ngoai cn cung cap bo sung cho budng sy [3]:
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kj
0y =W, 4= 1458.5719,803 = 8339472 —— = 2316 kW

Tdng ning suat nhiét ma dan ngung ty va dén Qi =Qx + Qux = 3,053 + 2,316 = 5,369 kW
burc xa hong ngoai can phai cung cap cho budng 1.3. Tinh todan chu trinh bom nhiét va chon
say khi say thuc pham bang phuong phap IR-HP: mdy nén

kvio k'ra igp
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Hinh 3.2a. So' dd nguyén 1y lam viéc ciia chu trinh M4y lanh-Bom nhiét, Hinh 3.2b. Biéu bién qua
trinh 1am viéc ciia chu trinh May lanh —-Bom nhiét trén dd thj Igp-i.

qKét qua tra cac thong sb trang thai tai‘ cac lgp-i (Hinh 3.2a va 3.2b) duogc trinh bay trong
diém nut cta chu trinh nhiét dong trén do thi Bang 3.2.
Bang 3.2. Két qua xac dinh thong s trang thai ciia mdi chét tai cac diém nat trén do thi lgp-i.
Piém | t°C P, bar i, kJ/kg
1 0 4,983 706
1 10 4,983 710
2 80 18,395 750
3 50 18,395 564
4 0 4,983 564
Két qua tinh toan nhiét di thu duogc cac trinh bay trong Bang 3.3 nhu sau.

thong s6 lam viéc ctia chu trinh bom nhiét duoc
Bang 3.3. Két qua tinh todn cic théng so l1am viéc ctia bom nhiét trong tu say.

STT Tén thong sb Kyhiéu | Giatri | Donvi

1 Ning suat nhiét dan ngung Q, 3,053 kW

2 Luu luong mdi chat m 0,0164 kg/s

3 Ning suit dan bay hoi Q, 2,189 kW

4 Cong suét nén doan nhiét N, 0,656 kW

5 Cong suat tiéu thy dién N, 0,863 kW

6 Hé s6 bom nhiét 0 4,65 -
1.4. Két qua tinh todn va chon cdc thiét bi cho trinh bom nhiét: M4y nén, thiét bi trao ddi
bom nhiét nhiét va thiét bi tiét luu da duoc chung toi tinh

Cac thong so k¥ thuat cta ti say bao gom toan thiét ke va lya chon, chi tiét dugc trinh

kich thudc cua ti; cac thiét bi chinh trong chu bay trong Bang 3.4 va lap dat trén Hinh 3.3.
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Bang 3.4. Két qua xac dinh cic thong sé ky thuit ciia mot s6 thiét bi chinh trong may sy.

Tén thiét bi | S6 lugng Théng s ky thuét
o Cong suat: 745W (1HP); Hang: LG; Model: QK175PAG; mdi chat
May nen 02 lanh: R22; Xuat xir: Trung Qudc.
Dan ngung tu 6ng dong, canh nhom thong s nhur sau:
Din neune tu 02 - Dién tich bé mat trao doi nhiét: F = 5,815 m?
gmg i - Kich thudc dan (cao x rong x day): 550 x 650 x 275 mm
- Buong kinh/chiéu day ong: 9,52/0,8 mm, budc canh 2,12mm.
Dan bay hoi éng dong, canh nhom:
Dian bav hoi 01 - Dién tich bé mat trao d6i nhiét ctia dan bay hoi: F = 3,406 m?
Y - Kich thuéc dan (cao x rong x day): 300 x 600 x 20 mm
- Buong kinh/chiéu day ong: 6,35/0,6 mm, budc canh: 2,54mm.
Ong mao 01 Ong ddng duong kinh 2 mm, chiéu dai: 1500 mm.
Quat phon Quat 16ng séc haing FASCO model 7455GVA-A12S, cong suat 45W,
Udt PRong 01 | luu luong khong khi: 100,710 m*/h, dién ngudn: 220-240V 0,5A, xuét
sy xU: Thai Lan.
?ge(r)lalilong 08 Dang cau -Parabon, 250W, duong kinh/chiéu dai:125/195mm
Kinh thuce 01 Dii x rong x cao = 700 x 740x 1200 mm.
may say

Hinh 3.3. Hinh anh may siy bang HP-IR da dwgc ché tao.

2. Két qua sy thir nghiém ndng san va thiy san
2.1. Bién doi ciia diém chit lwong cim quan
(CLCQ), 1y I¢ hiit nwéc phuc hoi (HNPH) ciia
tom khé theo cdc phwong phdp sdy

Két qua danh gia diém CLCQ ciia tom theo
cac phuong phap siy dugc thé hién & Bang 3.5
va Hinh 3.4 cho thiy diém CLCQ cta tom sy
& ché do s:?iy t6i wu dat loai tot (18,70 diém) cao
hon t6m siy bang 0,54 diém va hon tom siy bang
IR 1,52 diém. Bén canh do, ty 18 hit nuéc phuc

héi tro lai ciia tom sdy bang HP-IR cao nhit dat
90, 17% cao hon phu:orng phap say HP 8,25% va
hon say phuong phap say IR 14,26%. Do la san
pham siy & ché do sdy t01 uu o qua trinh khuéch
tan ndi phu hop khuéch tan ngoai nén bé mat sdn
pham khong bi qua nhiét, khong lam bién ddi cau
tric clia san phim sdy, tbc do sdy cao va thoi gian
sdy ngan. Do d6, kha niang hit nude phuc hdi tré
lai cua san phém kho rat tot, gitr dugc mau va mui
thom déc trung ctia tom thé.
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Bing 3.5. Piém CLCQ, ty 1¢ HNPH ciia tém thé theo cic phwong phap siy.

STT Phuong phép sy Thoi gian sy, h Piém CLCQ Ty 1€ HNPH, %
Séay bang bom nhiét két hop
1 héng ngoai HP-IR 2,73 18,70 90,17
Say bang bom nhiét HP 4,50 18,16 81,92
3 Say bang hong ngoai IR 3,33 17,18 75,91

Tém sdy bing IR

Mbu tom sdy bang IR-HP ~ Tém sdy bang HP

Hinh 3.4. Hinh anh cia tdm thé khd theo cic phwong phap siy.

2.2. Thir nghiém say bo bang phuwong phap sdy IR-HP va HP

Miu bo siy biang IR-HP

Miu bo siy bing HP

Hinh 3.5. Hinh anh miu Bo sy bang IR-HP va HP.

Két qua nghién ctru séy thir nghiém  trén
hinh 3.5 cho thdy & cung ché d6 say, lat bo sdy
bang IR-HP ¢6 mau sac dac trung tu nhién hon
s0 v6i lat bo sdy bang bom nhiét HP. Pay 1a thir
nghiém ban déu dé hudng téi nghién ctru quéa
trinh truyén nhiét, truyén chét trong lat bo sdy
bang HP-IR tir d6 san xudt bot bo xuat khau.
IV. KET LUAN VA KHUYEN NGHI
1. Két luan

- Thiét bi sidy bang HP-IR di duoc ché
tao voi nang sudt 5kg/mé c6 thé tu dong diéu
chinh céac thong sé nhu nhiét d6 siy theo yéu
cau cong nghé tir 20 + 7°C; van tdc gio trong
budng sdy tir 0,5 + 5 m/s; khoang cach tir dén
hong ngoai téi vat ligu sdy tir 20 + 40 cm; cong
sudt hdng ngoai IP tir 200 + 2000W.

- Tém thé chén tring siy bang HP-IR cho
tbc d6 sdy nhanh nhét va chit lugng cua san
pham tt nhét Gmg v&i ché do siy thich hop:
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nhiét do sdy t = 59,5°C, vén tdc tic nhan sy V
=1,98 m/s, khoang cach chiéu xa h6ng ngoai H
= 35,2 cm, cong suat hong ngoai IP = 1750 cm
v6i thoi gian sdy 1a 2,73 gid va do 4m cua san
pham kho dat w2 = 19 + 21%.

- Két qua nghién ctru con cho thiy l1at bo sdy
bang HP-IR & ché d6 sy trén cho chit luong
cam quan tot mau sic ty nhién hon so véi bo
sdy bang HP.

2. Khuyén nghi

Nghién ctru qué trinh truyén nhiét, truyén
chat cho nhiéu dbi twgng ndng san va thily san
khi sdy bang phuong phap bom nhiét két hop
hdng ngoai.

Nghién ctru ché tao thiét bi say bang HP-IR
dang bang tai dé ting ning suét say.

Nghién ctru anh huong ciia bude song hong
ngoai dén kha nang diét vi khuan va chét luong
cua vat liéu kho.
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