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TiNH TOAN CAC BO PHAN CO BAN CUA HE THONG
SAY BOM NHIET DE SAY QUA HOI

Tran Vin Tudng® ", Tran Cong Chi'

TOM TAT

Nghién cttu 4p dung cong nghé sidy bom nhiét tiét kiém ning luong cho sdy qua hoi dé dat cac yéu cau
trong bao quan, ché bién va xuat khau thay thé cho cac phuong phap 1am kho qua hoi truyén thong 13 can
thiét dé ting nang sudt va chat luong ctia san phdm héi kho phuc vu xuit khiu, tir d6 lam tang hiéu qua
kinh té trong san xuat hoi. D€ c6 thé ché tao hé thong sdy bom nhiét phu hop véi yéu cau cho trudce can
thiét phai tinh toan thiét ké hé thong siy. Két qua nghién ctru da xay dung duoc mo hinh hé thong siy qua
hoi bang bom nhiét c6 nang suat 2.000 kg/mé véi kich thuoc ctia budng sdy gom chiéu dai 4,1 m x chiéu
rong 3,1 m x chiéu cao 1,7 m; cong suit dong co may nén cta bom nhiét 33,13 kW véi tac nhan lanh R22,
cong suat nhiét 101,81 kW, cong suat lanh 103,72 kW, luu luong quat gié 11.903 m®/h. T cac thong s6 co
ban cta hé thong sdy va nang sudt sdy, dé duwa do 4m ctia san phdm sdy tir d0 4m ban dau 80% xudng 13%
theo yéu cau, tong thoi gian sdy can thiét 1a 16 gio. Két qua khao nghiém cho thay hé thong sdy bom nhiét
c6 thoi gian sdy ngan hon 22,7%, nang luong tiéu thu dién gidm 11,3%, mau sic san phdm sdy dep hon va ty

lé vo vun ctia qua héi sau say nhé hon so véi cac 10 sdy thong thuong.

T khoa: Hé thong say qué hoi, sdy bom nhiét, cong nghé sdy bom nhiét.

1. BAT VAN BE

Cay héi 1a mot trong nhimg dic san cta Viét
Nam duoc trong chii yéu ¢ tinh Lang Son voi tong
dién tich toan tinh 1a 35.000 ha, chiém khoang 75%
dién tich héi cta ca nudc [1]. Tinh dau hoi cha yéu
c6 trong qua héi. Pay 1a duoc liéu quy trong cong
nghé thuc phdm va y hoc. Dac biet gan day hoa hoi
con diung dé chiét suat ra axit shikimic lam nguyén
lieu san xuat thudc Tamiflu phong chéng cum
A/HIN1; H5N1 [2].

Hién nay, ¢ Viét Nam qua héi sau khi thu hoach
cht yéu duoc ban cho cac thuong lai voi gia ca
khong 6n dinh dan dén hiéu qua kinh té thap. Phan
con lai duoc dung dé chung cat tinh dau héi hoac
duoc 1am kho @€ du trir, bado quan d€ lam nguyén lieu
cho cac qua trinh san xuat tiép theo [3]. D& nang cao
hiéu qua kinh té cho nguoi trong hoi can thiét phai
tang san phadm hoi kho dé du trit, bdo quan phuc vu
san xuat va thuwong mai khong chi véi Trung Quoc
ma voi ca cac thi truong 6n dinh hon nhu: EU, My,
cac nuéc Trung Pong, An Do va cac nuéc khac.

Cong nghé san xuit qua hoi kho hién nay &
Lang Son ciing nhu cac dia phuong khac cha yéu
duoc thuc hién bang phuong phap phoi tw nhién
hoac stt dung cac phuong phap sdy tha cong, truyén
thong, dua vao kinh nghiém truyén lai tir truoc dan
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dén nang suat va chat luong san phdm thip, phu
thuoc vao thoi tiét, dién tich san phoi. Béi vay mau
sdc ctia san pham khong déu, khong khong ché duoc
thoi gian, nhiét do va do chin ctia qua héi nén anh
huong nhiéu dén chat luong san phdm qua hoi kho

[4].

Xuat phat tir nhitng van dé phan tich & trén, can
thiét phai c6 hé thong thiét bi sdy qua héi kho phu
hop, dat nang suat cao, nhung gia thanh phu hop dé
tao ra san phdm hoi kho & Viet Nam c6 chat luong tot
dap ung duoc yéu cau st dung trong nudc ciing nhu
xuat khau. Sdy bom nhiét 1a phuong phap siy dang
ngay cang duoc ap dung rong rai trong siy cac san
phdm nong san do c6 wu diém ndi bat 1a san phidm
duoc say kho ¢ nhiét do thap do do tiéu thu it nang
luong hon so véi nhimg thiét bi sdy thong thuong.
Ngoai ra phuong phap sdy nay ciing cho nang suit
cao, bao toan duoc cac tinh chat dic trung ctia san
pham va ty lé kho dong déu ctia san phdm trén 95%,
dap tng duoc cac yéu cau xuat khéu [5].

2. D01 TUONG VA PHUONG PHAP NGHIEN CUU

2.1. béi twong nghién ctru

Thiét bi nghién cttu 1a hé thong sdy qua hoi st
dung bom nhiét tiét kiem ning luong véi nang suat
dat 2.000 kg qua hoi tuoi/mé [6]. San phdm sau khi
sdy dat do kho 95% va dat tieu chudn xuat khau.
Nguyén liéu siy duoc stt dung dé nghién ctru 1a qua
hoi twoi duoc tréng tai huyén Van Quan, tinh Lang
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Son da dén tudi thu hoach va duoc thu mua tir cac ho
dan ngay sau khi duoc thu hoach khong qua 24 gio.

2.2. Phuong phép nghién ciru

Can ctt vao céc yéu cau thiét ké ctia nhiém vu va
cac dac diém cua vat liéu say (qua hoi) dé xay dung
mo6 hinh téng thé hé thong thiét bi sdy qua hoi biang
phuong phap bom nhiét. Nghién cttu 4p dung cac ly
thuyét vé truyén nhiét, truyén chat va dong hoc cta
qua trinh sdy dé tinh toan xac dinh cac thong s6 co
ban cta cac bo phan trong hé thong thiét bi sdy qua

T G

hoi dua vao cac thong s6 cho trudc ctia bai toan thiét
ké ché tao.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. M6 hinh tdng thé thiét bi sdy qua hoi bing
bom nhiét

Trén co sé khao sat cac thiét bi sdy duoc sit
dung phé biét trong san suit, can cir vao dac diém
vat liéu sdy va cac yéu cau dé bai dit ra ctia nhiém vu
doi voi thiét bi sdy mo hinh hé théng siy st dung
bom nhiét dugc mo ta nhu trén hinh 1.

Hinh 1. Mb hinh thiét bi sdy qua héi bang cong nghé bom nhiét
Ghi chii: 1 - buong sdy; 2 - vat liéu sdy; 3, 13 - van thodt khong khi am; 4, 12 - hop dan khong khi 4m; 5, 8 -
ong dan nuoc; 6 - thap lam ngudi nudc; 7 - quat thap lam ngudi nudc; 9- thap lam nguoi khong khi: 10 - bom
nuroc; 14 - dan bay hoi (dan lanh); 15 - khay hing nudc ngung; 16 - van tiét Iuu; 17 - thiét bi hoi nhiét; 18 - mdy
nén hoi moi chat lanh; 19 - dan ngung tu (dan nong); 20 - lueoi sang; 21 - thiét bi gia nhiét bo sung; 22, 28 - hop
dan khong khi nong; 23 - hop van; 24 - ong dan khong khi nong; 25 - quat; 26abc - cam bién nhiét; 27 - van ddo

chiéu gio; 29 - hop diéu khién.
3.2. Tinh toan budng say

Budng sdy duoc tinh toan dua vao cac thong so
lura chon ban dau gém: ning suat sdy (2.000 kg/mé);
khoi luong thé tich (475 kg/m?); @6 4m ban dau (w; =
80%); do 4m cudi (w,=13%); thoi gian say (16 gio);
nhiét d0 moi truong (t, = 23°C); do 4m moi truong
(¢, = 83%); d0 4m trung binh cta tac nhan siy (¢,
=19%); tac nhan siy la khong khi tuan hoan kin, tac
nhan lanh 13 Fréon-22 (R22).

Xdc dinh kich thude co ban cua budng sdy
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Can ctt vao khoi luong qua hoi trong moi mé say
G; = 2.000 kg va khoi luong thé tich ctia qua hoi y =
475 kg/m?®, tinh duoc thé tich chiém cho cua vat lieu
sy trong buong say theo cong thic:
y = 91 _ 2000 4,21 m’°
Y 475
Theo két qua thuc nghiém siy qua hoi, trong
qua trinh sdy, qua hoi thuong tiét chat nhoét gay dinh
bét lam tang trd luc cho dong tac nhan nhan say. Dé
dat hiéu qua say cao thi chiéu cao 16p vat liéu trong
budng sdy c6 thé chon trong khoang H,;= 0,3 - 0,5 m.
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Trong truong hop nay da chon chiéu cao 16p vat lieu
say H, = 0,4 m va chiéu dai budng sdy L = 4 m, chiéu
rong B ctia budng say duoc tinh theo cong thic:

\ _42t 63 M; chon B = 3,0 m.
L,H, 4.0,4 ’

B =

Chiéu cao budng chtta khi phia trén H,, va duoi
H_,qnhu nhau dwoc tinh toan bang 0,6 m.

Nhu vay chiéu cao buong siy:
H=H,+H_  +H,,=0,4+0,6+0,6=1,6m.
Nhu vay kich thudc bén trong buong sy tinh

toan duwoc nhu sau (Hinh 2): (dai x rong x cao) = L x
BxH=40x3,0x1,6m.
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Hinh 2. Céc kich thuéc co ban ciia budng sdy

Ghi chi: L - chiéu dai buong sdy; B — chiéu rong buodng siy; H — chiéu cao buong say; H,, — chiéu cao vat
liéu say; H,, — chiéu cao chita khi trén; H_,, — chiéu cao chita khi duor.

Buéng say duoc tinh toan va lua chon sat hop 50
va V50 dé ché tao khung chinh; tuong ctia budng siy
duoc ché tao bang 2 16p ton 1,2 mm va & gitta duoc
cach nhiét bang 16p bong thdy tinh c6 chiéu day 5
cm va c6 hé s6 dan nhiét A = 0,045 (W/m.K). Nhu
vay kich thuéc phti bi ctia budng sdy: Lx Bx H = 4,1
x3,1x1,7m.

Xdc dinh cdc thong soé co ban cia qud trinh sdy
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Hinh 3. D6 thi I-d mé ta chu trinh ciia tac nhan sdy
trong thiét bi sdy bom nhiét
Dé tinh xac dinh cac thong s6 co ban clia qua
trinh sdy phu hop véi cong nghé sy can can ctr vao
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cac thong so vé kich thuoc budng sdy, can ctt vao
chu trinh hoat dong ctia tac nhan sdy thong qua dé
thi I-d (Hinh 3).

Sau khi tinh toan xac dinh cac thong s6 cia qua
trinh sdy ly thuyét, cac thong so ctia qua trinh siy
thuc va cac thong so sau qua trinh say thuc xac dinh
duoc téng nhiét luong tieu hao qy, = 4.182,56 kJ/kg
am va tong nhiét luong tinh toan q, = 4.265,42 kJ/kg
am. Vé nguyén tic, trong qua trinh sdy phai dam bao
can bang vé nhiét. Nghia la t6ng nhiét luong tiéu hao
phai bang téng nhiét tinh toan hay qg, = q,.. Nhung do
nhiéu ly do nhu dung cac cong thirc giai tich gan
dung, lam tron trong qua trinh tinh toan nén cé sy
sai khac nhat dinh.

Sai s6 twong doi duoc tinh toan theo cong thic:

o lan—a.]_[4182,56-4265.42|
q, 4182,56

Két qua tinh toan € =1,98% nidm trong gioi han cho
phép (e<5%). Nhu vay, két qua tinh toan dam bao do
tin cay.

Nhiét lwong c6 ich q; = 2462,81 kJ/kg 4m, hiéu
suat ctia thiét bi sdy duoc xac dinh qua cong thic:

. q, _ 2462,8
Tos =g~ 4182,56

~0,5888=58,88%

Két qua xac dinh cac thong s6 co ban cta qua
trinh say duoc thé hién bang 1.
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Bang 1. Két qua xac dinh cac thoéng sé co ban clia qua trinh sdy bom nhiét

bom nhiét

TT |Cac thong so Ky hieu bon vi Gia tri
1 Nhiét luong co ich q kJ/kg dm 2.462,81
2 Nhiét do tac nhan siy mang di Qins kJ/kg 4m 1.639,96
3 Téng nhiét luong tinh toan it kJ/kg dm 4.265,42
4 Téng nhiét luong tiéu hao Qg kJ/kg dm 4.182,56
5 Hiéu suét thiét bi say Nibs % 58,88
6 Cong suat nhiét Q. kW 101,81
7 Cong suat lanh Q. kW 103,72
8 Luu lwong quat gio \4 m®/h 11.903,7
3.3. Tinh toan bom nhiét qua nhiét hoi hat t,, = 25°C, nhiét do qua lanh t, =
Két qua tinh todn chu trinh lanh ciua moi chat 24°C.
Lgp A

Dé tinh toan bom nhiét, trudc tién can tinh toan
chu trinh lanh cta moi chat bom nhiét. Mot trong
nhitng co s¢ dé xac dinh chu trinh lanh ctia moéi chat
la dya vao chu trinh tuan hoan cta tdc nhan lanh.
bay 1a chu trinh nguoc dugc biéu dién bang do thi
lgp-i trén hinh 4.

Dan sdy cta hé thong sy qua hoi duoc thiét ké
la dan bay hoi truc tiép, dé tranh kha nang hoi nuoc
dong bang trén canh tan nhiét lam tang tré luc cta
dan sdy, hiéu nhiet do yéu cau At= 13°C va nhiét do
buédng lanh t,; =20°C duoc lya chon. Két qua tinh toan
xéac dinh duoc nhiét do s6i cia moi chat t, = 7°C.

Véi thiét bi dan ngung lam mat bang khong khi,
chon At= 10°C, nhiét do tdc nhan sdy ra khoéi dan
ngung ty, = 50°C, tir d6 xac dinh duoc nhiét d6 ngung
ctia moi chat t, = 60°C. Nhiét do qua lanh ctia chat
long trudce van tiét luu cang thap thi ning suat lanh
cang lon. Trong truong hop nay do stt dung may lanh
v6i moi chat lanh R22 cé binh hoi nhiét nén viéc qua
lanh duoc thuc hién trong binh hdi nhiét gitta moi
chat 16ng néng trudc van tiét luu va hoi lanh & binh
bay hoi ra trudce khi vé may nén.

Tir do thi lgp+ cta chu trinh lanh v6i moi chat
R22, xac 1ap ché do lam viec cua thiét bi gom nhiét
do soi: t, = 7°C; nhiét do ngung tu t, = 60°C; nhiét o

8

D

.

Hinh 4. Chu trinh tuin hoan ctia tic nhan lanh trong
thiét bi sdy bom nhiét

Két qua tinh toan mdy nén khi

May nén khi c6 tac dung tao ra dong khong khi
c6 4p suat cao trong thiét bi bom nhiét. Tir do thi lgp-
I xac dinh duoc cac thong so tai cac diém nut cia
chu trinh tuan hoan ctia tAc nhan sdy. Can ctt vao d6
tinh toan xac dinh duoc ché do lam viéc va cac thong

sO ctia may nén nhu trong bang 2.

Béng 2. Két qua x4c dinh cac thong s6 co ban ctia qua trinh sdy bom nhiét

TT |Cac thong so Ky hieu Don vi Gia tri
Thé tich hut thuc ctia may nén \A m?/s 0,024
Cong suat dong co may nén Ne kW 33,13

1 |TY so nén n 4,25
2 |Hiéu suat dong co n 0,85
3 |Tac nhan lanh R22

4  |Nhiét d6 bay hoi t, °C 7
5 |Nhiét 6 ngung tu t °C 60
6 |Hé so6 nhiét lanh ctia bom nhiét ¢ 5,9
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Can ctt vao gia tri ty s6 nén n = 4,25 <12, chon
may nén mot cap. Mat khac, moi chat lanh stt dung &
day 1a R22 nén chon so d6 may nén lanh mot cap
dung thiét bi hoi nhiét.

Két qua tinh todn dan bay hoi va dan ngung tu

boi voi sy quéa hoi, loai dan bay hoi lam lanh
khong khi doi ltu cuong btrc duoc lua chon. Do lam
lanh khong khi dén diém dong swong nén dan bay
hoi ¢6 mang thu nwdc ngung & dudi. éng ctia dan
bay hoi la 6ng déng canh nhom hinh vuong lam ong
dan moi chat trong dan.

Thiét bi ngung tu ctia bom nhiét c6 cong dung
gia nhiét cho khong khi truoc khi vao budng siy tir

trang thai bao hoa sau dan lanh dén nhiet do va do
am yéu cau trong qua trinh sdy. Viéc st dung dan
ngung ctia bom nhiét dé thay thé cho thiét bi gia
nhiét sé lam gidm chi phi dién nang cta hé thong,
qua d6 lam giam chi phi 1ap dat va van hanh cta hé
thong siy ding bom nhiét.

Theo Tran Vian Pha (2002) [3], chon loai dan
ngung gidi nhiét bang khong khi doi luu cudng buc.
Cau tao gém mot dan ong trao ddi nhiét bang thép
hoidc 6ng déng cé canh nhom hoac sit bén ngoai,
buéc canh nam trong khoang 3 — 10 mm. Do moi
chat 1a R22 nén chon 6ng déng canh nhom dé lam
ong dan moi chat trong dan ngung.

1
« V|

B

Hinh 5. C4u tao ctia dan bay hoi va dan ngung tu

Ghi chi: L — Chiéu d4i ong; B - Chiéu rong cia dan; H — Chiéu cao ciia dan.

Can ct vao két qua tinh toan chu trinh lanh cta
moi chat bom nhiét, sau khi tinh toan dién tich trao
d6i nhiét, @0 chénh nhiét do trung binh va hé so6

truyén nhiét xac dinh duoc cac thong so6 cta dan bay
hoi va dan ngung tu nhu trong bang 3.

Bang 3. Cac thong s6 co ban clia dan bay hoi va dan ngung tu

Thong so bonvi | Danbay | Dan ngung | Dan cap nhiét b6 sung
tinh hoi tu

éng DPuong kinh trong cta 6ng d,, mm 15 15 18
dan moi|Duong kinh ngoai ctia 6ng dyg mm 18 18 21
chat Budc ong s mm 35 32 75

Chiéu rong 6ng dan1 mm 500 |500 350

S6 hang ong z hang 20 22 10

Tong s6 6ng n ong 400 (484 100
Canh | Chiéu day canh o, mm 0,35 10,3 0,3
tan Buoc canh s, mm 35 |35 10
nhiét  [Chigy dai canh 1. mm 34

Duong kinh canh d, 32 34
Kich Chiéu dai 6ng L m 0,7 0,7 0,75
thuéc  |Chiéu cao H m 0,7 0,7 0,75
dan Chiéu rong ong B m 0,65 [1,0 0,35
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3.4. Danh gia hiéu qua khi sdy bang hé thdng
sdy str dung bom nhiét

Dé danh gia hieu qua ctia hé thong sdy st dung
bom nhiét, sau khi hé thong sdy duoc thiét ké va ché
tao, tién hanh so sanh san phdm cta qua trinh siy
bang hé théng sdy st dung bom nhiét véi san pham
sdy bang 10 sdy gian mot chiéu stt dung nang luong

dién. Mau say thir nghiém 1a nguyén lieu qua hoi tuoi
duoc thu hoach tir cing moét dia diém va co ty e khoi
luong cta cac thanh phan goém 90,2% thit qua, 7,4%
hat va 2,56% cuong. San phdm sau khi sdy c6 do 4m
13%. Két qua xac dinh cac chi tiéu so sanh duoc thé
hién & bang 4.

Bang 4. So sanh mot s6 chi tiéu ctia sin ph4dm sdy khi sdy bang hé thong sdy bom nhiét va 16 siy thong

thuong
Chi tiéu so sanh Ponvi | Phuong phap thong | Phuong phéap sdy st dung bom
thuong nhiét

Thoi gian siy gior 18,5 14,3

Ham luong tinh dau sau khi sdy % 1,43 1,45

Nang luong dién tiéu thu kWh 652,9 579,1

Mau sic va ty 1é vo vun ctia san Mau vang 1an mau den, | Mau vang sang, ty 1é vo vun nho
phdm qua hoi sau khi siy ty 1& vo vun cao hon. hon.

Két qua so sanh cho thdy, nho st dung thiét bi
bom nhiét va hé thong dao chiéu gié trong qua trinh
say nén hé thong sdy bom nhiét c6 thoi gian sy
ngan hon 22,7%, nang luong dién tiéu thu thap hon
11,3%, mau sac cta san phdm siy dep hon va muc do
vO vun clia qua hoi sau khi sdy thap hon so véi cac 10
say dién thong thuong. Tuy nhién, ham luong tinh
dau c6 trong san phdm sau khi sdy khong co su sai
khéc nhiéu. Lo say thong thuong khong cé hé thong
dao chiéu gi6 trong qua trinh sdy nén muoén cho
nguyen lieu sdy kho déu va nhanh thi can phai dao
nguyen lieu sdy bang thi cong dan dén ton thoi gian,
mat nhiét va gay ra su vo vun nhiéu hon.

4. KET LUAN

Két qua nghién ctu da dé xuat duoc mo hinh hé
thong sidy qua hoi st dung bom nhiét dua trén
phuong phap sdy, nang suat sdy va dac diém cta qua
hoi. Pa tinh toan xac dinh kich thudc co ban cua
budng say géom chiéu dai 4,1 m x chiéu rong 3,1 m x
chiéu cao 1,7 m. Dua vao chu trinh hoat dong cua tac
nhan sy va kich thudc co ban cia buong sdy da tinh
toan duoc cac thong s6 co ban gdm cong suat dong
co may nén cua bom nhiét 33,13 kW véi tac nhan
lanh R22, cong suat nhiét 101,81 kW, cong suat lanh
103,72 kW, luu luong quat gi6 11.903 m*/gio. Dé dua
do 4m cua san pham sdy voi khoi luong méi mé siy
2.000 kg qua hoi tuoi tir d0 am ban dau 80% xuong
13% theo yéu cau thi can téng thoi gian sy 16 gio.
Két qua khao nghiém cho thdy nho st dung bom
nhiét va trang bi he thong dao chiéu gié6 ma he thong
say bom nhiét c6 thoi gian siy ngan hon 22,7%, nang
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luong tiéu thu dién giadm 11,3%, mau sic san phim
say dep hon va ty 1é vo vun ctia qua hoi sau sy nho
hon so vdi cac 1o sy thong thuong.
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THE CALCULATION OF SOME MAIN COMPONENTS IN HEAT PUMP DRYER
FOR DRYING STAR ANISE
Tran Van Tuong?, Tran Cong Chi!
Vietnam National University of Forestry

Summary

The study of applying the drying technology of heat pump for drying star anise with the aims to reduce
energy consumption and help the star anise products after being dried meet the requirements for
preservation, process and export instead of using traditional drying methods is necessary to increase the
drying productivity and profits. In order to manufacture the suitable drying system using heat pump based
on given requirements, it is necessary to design and calculate the drying component of the system in
advance. This article introduces the methods and calculation results of the main parts of the drying system
to identify the main parameters for the manufacturing process. The study result has developed the drying
system model for star anise using heat pump with the productivity of 2.000 kg/batch and dimension of
drying cabinet including the length of 4.1 m x width of 3.1 m x height of 1.7 m; the engine power of heat
pump 33.13 kW with R22 refrigerant, heat power of 101.81 kW, refrigeration power of 103.72 kW, fan flow of
11.903 m®/h. Based on the above basic parameters and productivity of drying system, in order to reduce the
relative humidity from 80% to 13% as required, the total of 16 hours drying time are needed. The comparing
results showed that the heat pump drying system had a 22.7% shorter drying time, 11.3% less energy
consumption, a better color of dried products and a smaller breakage rate of post - drying anise compared
to conventional drying method.

Keywords: Star anise drying system, heat pump dryer, heat dryer technology.
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