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Tém tit: Viét Nam cé diéu kién khi hdu nhiét ddi, do am cao, thudn loi cho viéc nudi tréng ném bao ngw (Pleurotus).
Pay la logi ndm gidu dinh dwdng, chira nhiéu protein, vitamin va axit amin, c6 loi cho sikc khée va cé thé thay thé dam dong
vat. Hién nay, ndm bao ngu droc tréng rong rdi voi san lmfng khoang 60.000 tan/nam. Tuy nhién, thoi gian béo quan sau
thu hoach ngdn (3 5 ngay) nén can ap dung phmmg phap say de kéo dai thoi gian sir dung. Cic phirong phdp sdy truyén
théng nhir phoi ndng, sdy khong khi nong con nhzeu han ché vé chat lwong va hiéu qua bdo quan. Do do, nghzen cteu nay
tdp trung vdo xdc dinh ché dé sdy t6i wu cho ndm bao ngir bang k thudt bom nhiét két hop tia hong ngoai, nham ndng cao
chdt heong san pham va kéo dai thoi gian bdo qudn.

Tir khéa: Nam bao nguw, siy bom nhiét, tia hong ngoai, ché dj sdy, bao quadn thic pham
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Abstract: Vietnam has a tropical climate with high humidity, which is favorable for the cultivation of oyster mushrooms
(Pleurotus). This type of mushroom is rich in nutrients, contains a lot of protein, vitamins and amino acids, is good for
health and can replace animal protein. Currently, oyster mushrooms are widely grown with an output of about 60,000
tons/year. However, the post-harvest preservation time is short (3-5 days), so it is necessary to apply drying methods to
extend the shelflife. Traditional drying methods such as sun drying and hot air drying have many limitations in quality and
preservation efficiency. Therefore, this study focuses on determining the optimal drying mode for oyster mushrooms using

heat pump technology combined with infrared rays, to improve product quality and extend the preservation time.
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I. DAT VAN PE

N4m bao ngu (Pleurotus) 1a mot loai thuc pham
gidu dinh dudng, dugc trong rong rii tai Viét Nam
v6i san lugng 16n. Tuy nhién, do ham luwgng nude
cao, nam bao ngu co thoi gian bao quan ngan, chi
tir 3 - 5 ngay sau thu hoach, dan dén nguy co hu
hong nhanh va t6n that kinh té dang ké. Vi vay,
sdy kho 1a giai phap quan trong giup kéo dai thoi
gian bao quan, dong thoi giit duoc chat lugng va
gia tri dinh dudng ctia san pham.

Hién nay, cac phuong phéap sdy truyén thong
nhu phoi ning, sdy khong khi néng con nhiéu han
ché nhu mat chit dinh dudng, thay ddi mau sic,
két cAu san phim va tiéu ton nhiéu ning luong.
Do d6, viéc nghién ciru va ap dung cong nghé siy
tién tién nhu sdy bom nhiét két hop tia hdng ngoai
1a can thiét, nhdm nang cao chat luong san pham
va ti wu hoa hiéu qua kinh té.

Nghién curu nay tap trung vao xac dinh sy anh
hudng cia ché d6 sdy ndm bao ngu theo nguyén
ly sdy bom nhiét hdng ngoai dén chit lwong san
pham va cac chi tiéu kinh té — k¥ thuat. Dong thoi,
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nghién ciru cling huong dén vige xac dinh ché do
say hop ly nham tdi uu hiéu suat may sdy va chit
lwong nim sau khi sdy.

II. NOI DUNG NGHIEN CUU

2.1. Phwong phap siy bom nhiét két hop
héng ngoai

Phuong phap sdy bom nhiét két hop tia hong
ngoai khac biét so véi cac phuong phap truyén
thong nhu siy khong khi néng, sdy chan khong,...
nho khé nang giém ap suat hoi nudc trong tac
nhan sdy, gitp day nhanh qua trinh thoat am, rit
ngan thoi glan sdy va nang cao hiéu qua kinh té.

Co ché hoat dong dua trén viéc giam ap suét
moi truong khong khi bén ngoai, tao su chénh
1éch & ap suét glu’a vat lidu sdy va méi trudng, glup
hoi 4m di chuyén nhanh hon tir bén trong vat ra bé
mat va vao moi truong. Nhiét d say cua phuong
phap nay thuong thip hon so véi siy khong khi
néng nhung nho su két hop cua nhiét ddi luu,
nhiét dan truyén va nhiét hong ngoai, thoi gian
sdy ngan hon va hiéu suit cao hon.
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Trong qua trlnlrs(m}ie dam bao h01 am thoat hoi nudc giira vat say qR cwhm?ng, glup tdng
ra hiéu qua, tic nhan siy can c6 d6 4m tuong cuong qua trinh tach 4m va cai thién chit lugng

dbi thdp nham duy tri sy chénh léch ap suit san pham.
v (m/s) . > (mg)

Thu hai nam twoi

Ché bién so bd: cat goe, tach ra timg tai

}

Séy bom nhiét két hop hong ngoai

Dong géi, bao quan

Hinh 1: So do ché bien nam say

Thiét bi nghién ctu.

Hinh 2: Mé hinh sdy nam bdo ngw bang bom nhiét hong ngoai.
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Hinh 3: So do cdu tao mdy say bom nhiét két hop hong ngoai

2.2. Xy dung bai toan hop den T — Nhiét d6 tac nhan say (°C);

Tir két qua xac dinh cac thong s6 nghién ciru, v — Van téc tic nhan sdy (m/s);
chung ta c6 mo hinh bai toan h6p den" mo ta - Thong s ra:
quy hoach thu’c nghiém qua sdy ndm bao ngu theo Se— Tiéu thy dién nang riéng (Wh/kg);
nguyén ly sdy bom nhiét hdng ngoai PP—Chét lugng dinh dudng (mg);

- Thong s6 vao:
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Hinh 4. Bai toan hop den

Xéc dinh phuong an quy hoach thuc nghiém

Tir cac két qua nghién ctru da duogc trén cho
thdy su phu thudc cua Se (Wh/kg) va PP (mg) vao
van tdc tc nhan sy v (m/s), nhiét d6 tac nhan say
T (°0); )

Bac2: N=2+2k+no=22+22+5=13

Trong d6: k — S4 thong s6 vao, k = 2.

2°_ 86 thi nghiém din ra & muc trén va muc
dudi hay sb thi nghiém cho phuong an bac I khong
co 1ap, 22 =22 =4 thi nghiém

2.3. Xac dinh ché d siy hop Iy cho siy nim
bao ngw

2.3.1. Xdy dung bai todn t6i wu da muc tiéu

Xuat phat tir muc dich nghién ctru, bai toan tdi
uu dugc 1ap trén co s hai ham PP va Se dac trung
cho chi tiéu nghién cuu.

- Bai toan tbi wu hoa mot muc tiéu cho ham PP:

+ Ham muc tiéu: PP -> max.

+ Ham diéu kién: 1,414 >xi >— 1,414; i=2

- Bai toan tdi vu hoa mot muc tiéu cho ham Se:

+ Ham muc ti€u: Se -> min.

+ Ham diéu kién: 1,414 > xi >—1,414; i=2

- Bai toan tdi wu hoa da muc tiéu:

+ Ham muc tiéu: PP-> max va Se-> min.

+ Ham diéu kién: 1,414 >xi >—1,414; i=2

Trong d6 xi 12 s6 thong s6 nghién ctru, i =2 bao
gom: x1 1a nhiét do tic nhan sy (thong s6 T); x2
van tdc tac nhan siy (thong s v).

Két qua giai bai toan t6i uu hoa

- Cac thong sb tdi vu:

+ Nhiét do tac nhan sdy: T = 40,50C

+ Van tdc tac nhan sdy: v=0,71 m/s

- Cac chi tiéu tdi uu:

+ Ham luong vitamin trong ndm: PP =130,2 mg

+ Tiéu thy dién ning riéng cho qua trinh say
nam: Se = 7,679 Whikg.

- Cac thong sb tdi vu:

+ Nhiét do tac nhan sdy: T = 43,30C

+ Van téc tac nhan sdy: v = 1,62 m/s

- Cac chi tiéu tdi uu:

+ Ham luong vitamin trong ndm: PP=121,7 mg

+ Tiéu thy dién ning riéng cho qua trinh say
nam: Se = 3,456 Whikg.

Bai toan t6i wu da muc tiéu duoc 1ap va giai

bang phan mém Microsoft Excel. Két qua giai bai
toan toi wu. Két qua giai bai toan t6i vu da muc
tiéu da xac dinh dugc cac thong s6 tdi wu va céc
chi tiéu téi vu nhu sau:

- Cac thong sd toi vu:

+ Nhiét do tac nhan sdy: T = 41,50C

+ Van téc tac nhan siy: v=1,2 m/s

- Céc chi tiéu tbi uu:

+ Ham luong vitamin trong nAm: PP = 128,2mg

+ Tiéu thy dién ning riéng cho qua trinh say
nam: Se = 4,5 Wh/kg.

2.3.2. Khdo nghiém sdy so sanh tai ché d¢ sdy
da xac dinh

Pé xac dinh chinh xac thoi gian sdy tai ché
d6 say hop ly da xac dinh va so sanh voi phuong
phap siy khi khong c6 sy hd trg ctua hong ngoai,
tién hanh bd tri khao nghiém nhu sau:

S4y nam bao ngu v6i 2 phuong phap sdy: siy
bom nhiét va sdy bom nhiét két hop hong ngoai.

Ché d¢ say duogc cai dit theo ché do siy hop 1y
da xac dinh, cu thé 1a nhiét do tac nhan siy 41,50C
va van tdc tac nhan séy la 1,2 m/s.

Vit liéu siy: nim bao ngu nguyén tai, khoi
lwong mdi mé sdy 1a 5 kg.

Qua trinh sdy s& két thiic khi 4m d6 nam dat
12 + 0,5% (theo Tiéu chuin Viét Nam TCVN
5322:1991).

Khi sdy theo nguyén 1y sdy bom nhiét, thoi
gian sy yéu cau 1a 5 h dé ndm dat 4m do 12,3%,
tdc d0 say trung binh 13 15,8 %/h. Khi c6 sy hd trg
ctia hong ngoai, thoi gian sdy giam con 4,5 h, 4m
do nam dat 11,4%, téc do séy trung binh la 17,7
%/h, nhanh hon khi siy khong c6 sy hd tro cua
hdng ngoai. Mau sic, mui vi cia ca hai mau nAm
1 nhu nhau khi danh gia bang cam quan.

2.4. Thiét ké may siy 50 kg

2.4.1. Lwa chon cac thong $6 ban dau can thiét
cho qua trinh tinh toan

Vit lidu sdy: ndm bao ngu nguyén tai.

Kich c& tai nAm 1a 20-40 mm

Ning suat say cta thiét bj G1 = 50 kg/ mé.

Do am san pham dat M2 = 12%.

Céc tai nam s& duoc xép trén cac khay.

S4y bom nhiét hoi luu 100% tac nhan say.
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Nhiét do say t—4 —= 450C.

Am d6 ban du ciia nAm 1a 91%.

Trang thai khong khi ngoai troi & TP. H6 Chi
Minh t0 = 300C, ¢0 = 80%.

Thoi gian sdy tdi uu 8 gio.

2.4.2. Tinh todn kich thuéc buong sdy

Duya vao céac dir liéu da cho ta c6 thé thiét 1ap
duoc phuong trinh sau:

Gi=G:+W

G1 (100 — M1) =G2(100 — M>)

Khéi lwong vat liéu sau khi siy:

100-M 100-91
G2=Gu. L= 50.
100 M, 100-13

=5,17 kg/mé

Bo am boc hoi trong qué trinh sdy (W):

W=Gi—G:=50-5,17 =44,83 kg/ m¢

Luong chat khd c6 trong san pham 1a:
Ga=Gi(100—M1) =Go(100—M2)=50.(100-91)=4,5 kg

100
Luong nudc ban dau co trong san pham 1a:
Wa=G1 - Gk=Gi.M1=50-4,5=455kg

Luong nudc con lai trong san pham:
Wa= Wbd —W=45,5-44,83=0,67 kg
Luong am boc hoi trong 1 gio:

Wa== =222 =56kg/h

Tu thye nghiém véi Im2 ¢ thé chtra duoc 5,5
kg nam bao ngu (véi kich co tai nam la 2-4cm,
chleu day lop nam 0,3 cm), vay dé chira dugc 50
kg ndm thi can 12 5m2

Chon:

Chleu dai khay say 1=1000 mm

Chleu rong khay say: b =700 mm

Chiéu cao mdi khay sdy: h =30 mm

Khoang cach gitra cac khay: k =50 mm
125 _ 17,8 khay Am bao ngu nguyén.

n= 0.7,

Chon 5O khay la 18

BG tri kiéu khay 1a 2 khay song song. Khoang
cach tir cira va mit sau dén khay chura vat li¢u say
la 100 mm. Khoang cach gitra cac khay 1a 40 mm,
chiéu cao mdi khay la 30 mm. Khung budng sy
duoc lam bang i inox 304 hop vudng 20mm, duoc
boc bang inox 304 tam day Imm.

- Chiéu dai budng sdy: D = 700.2 + 3.20 +2.50
= 1540 mm.

Chon D =1600 mm

- Chiéu rdng budng say: R = 1000 + 2.20 +
2.50 =1140 mm.

Chon R = 1200 mm

- Chi€u cao budng say: C = 8.50 +9.30 +2.100
+2.20 =910 mm.

Chon C = 1000 mm. )

Vay kich thudc buong say la 1600mm x
1200mm x 1000 mm . )

Nhiét rgng can thi€t cho hé thong say nhu sau:

YQ=0Q1+Q2+Q3+Q4+Q5+Q6

Trong do:

Q1 (kW): Nhiét luong can thiét dé gia nhiét vat
lidu dén nhiét do say.

Q2 (kW): Nhiét luong de 1am néng khay sdy.

Q3 (kW): Nhiét lugng can thiét dé nuéc trong
vay liéu hoa hoi.

Q4 (kW): Nhiét luong lam nong buong sdy.

Q5 (kW): Ton that nhiét budng say do dan nhiét.

Q6 (kW): Ton that nhiét do burc xa & budng say

2.4.3. Xac dinh cdc thong so trang thdi cua

tic nhén sdy trong qud trinh sdy

1: Gian d6 t-d ta tim dugc cac thong sé diém nut

Trang thai tC d, kg/kew 0, % I, kJ/kg
1 13 0,00937 100 36,72
2 50 0,00937 12 74,55
2’ 45 0,0114 18,3 73,64
3 40 0,0135 28,3 74,55
4 18,5 0,0135 100 52,71
] a 3 A w 41,95
glzligni t(r}l;l ;13 ialézi neam b = T dy — dy) ~ 8(0,0135 — 0,0114) 2107 K/
d>’=0,5.d3+0,5.d2=0,5.0,0135 + 0,5.0,00937 Cong suit can thiét cua dan lanh.
=0,0114 kg/kgkkk
Phuong trinh c4n bang nhiét do Qo = 0,5. kas(:fm "= 05,22 (7::01 2 = 13,11 kW
G2’d2’ = Gads + Gade Cong suat can thiét cua dan nong.

t2>=10,5.40 + 0,5.50 = 450C
Luu luong khong khi kho can thiét cho qua
trinh say.

0,5 Lick- Chas — ha)
3600

_0,5.2497.(73,64 — 36,72)

3600 = 12,8 kW

Qpn =

Luong nudc ngung tu tai dan lanh
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Gne = 0,5.Lkc.(d4 — d1) = 0,5.2497.(0,0135-
0,00937)= 5,15 kg/h
Luong am bay hoi trong 1 h

w=2 =% _5954kg/h

T

2.4.4. Tinh toan nhiét tai cho hé thong sdy lanh
Tinh toan nhiét tai cho hé thong lanh chinh la
tinh toan nang suat lanh ciia may nén lanh can lap

dat Q)" . Nang suat lanh can lap dat dé phu hop
v6i phu tai dugc tinh theo cong thirc sau:
=t w
b

Trong do: Q: Té)ng nhi¢t lugng tiéu tén, \\%

k: Hé sb tinh dén ton thét trén duong ong va
thiét bi ctia HTL.

b: Hé s6 thoi gian lam viéc.

Heé s6 k 6 thé tra bang sau ddy, nhiing gié tri
nao khong c6 trong bang co thé dung phuong
phap noi suy dé tim.

Hésdk phu thudc vao nhiét do bay hoi ¢ dan lanh.

Hé sb thoi gian lam viéc phu thudc vao thoi
gian 1am viéc thuc té ciia hé thong trong mot ngay
dém (24 gio) va nhiét 4o bay hoi ¢ dan lanh. H¢ )
thoi gian lam viéc ctia cac HTL c6 cong sudt nho
khong 16m hon 0,7.

Nang suat lanh thuc té cua hé théng:

Chon hé s6 k = 1,0 va b = 0,7 (véi h¢ thong
lanh nho va lam viéc ¢ nhiét d§ duong):

1. KET LUAN

Nam bao ngu dugc tré)ng rong rai tai Viét Nam

v6i san lugng 16n, nhung thoi gian bdo quan sau
thu hoach ngin (3 - 5 ngay), khién viéc sdy kho
tro thanh giai phap quan trong. Cac phu’orng phap
sy truyen thong nhu phon nang, say khong khi
néng van con nhiéu han ché, lam glam chat lu’orng
san pham, hao hut dinh du’orng, mat mau sic va
mui dic trung, ddng thoi tiéu tén nhidu thoi gian
va chi phi.

Nghién ctru cho thiy, ché d¢ sdy bom nhiét két
hop tia hong ngoai anh huong dang ké dén chat
luong nam va hiéu qua kinh té. Tiéu thu dién nang
riéng dat muc t61 wu khi nhiét do tac nhan séy tur
43 —44°C va van toc thc nhan sdy tir 1,5— 1,7 m/s,
v6oi muec tiéu thy khoang 3,5 Wh/kg nam. Ché do
sdy nay giup toi vu héa ca ham luong vitamin PP
trong nam sau séy va muc tiéu thy di¢n nang, dam
bao chat lugng cao nhat vai chi phi thap nhat.

Tir két qua nghién ctru, viée ap dung cac thong sb
t61 uu vao thiét ké may siy ndm bao ngu cong suét 50
kg s& gitip nang cao hiéu qua san xuat, kéo dai thoi
gian bao quan va ting gia tri kinh té cho san pham.

Huéng phét trién: Nghién ctru c6 thé mo
rong theo hudng theo doi thém sy thay doi ciia
cac thanh phan dinh dudng khac trong ndm nhu
protein, cac loai vitamin khac, chét béo,... dé danh
gi4 toan dién hon vé anh huéng cua ché do sdy
dén chit lu:orng san pham. Ngoai ra, c¢6 thé nghién
ctru thém vé cac phuong phap diéu chinh d6 am
va két cdu san phim sau sdy nham nang cao gia
tri cam quan va img dung thyc tién ctia ndm bao
ngu siy kho.
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