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NGHIEN CUU XACDINH CHE DO SAY PHU HQP
CHO RE DINH LANG TREN MAY SAY BOM NHIET
KET HOP SONG SIEU AM

DETERMINATION OF SUITABLE DRYING CONDITIONS FOR POLYSCIAS FRUTICOSA ROOTS
USING AN ULTRASOUND-ASSISTED HEAT PUMP DRYER
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TOM TAT

Ré cay Dinh Lang (Polyscias fruticosa (L.) Harms) la dugc liéu quy chia nhiéu hoat chat sinh hoc ¢6 lgi nhu saponin, vitamin va axit amin, dugc st dung rong
rai trong y hoc 6 truyén dé boi bd va chita bénh. Bai bao nay trinh bay két qua nghién ctiu xac dinh ché dd say phi hap cho ré Dinh Lang théi It bang cong nghé
sdy bom nhiét ¢ hd trg song siéu am nham rit ngdn thai gian say, tiét kiém nang luong va bdo toan chat lugng san phdm (ham lugng saponin va mau sdc). Két
qué da xay dung dugc cac ham héi quy biéu dién mdi quan hé gitia cac yéu t6 dau vao va chi tiéu dau ra. Ché do sdy phi hop dugc xéc dinh [a: nhiét d6 44,7°C,
cong sudt siéu dm 325,8W, ty Ié gidn doan 0,18. Céc chi tiéu dau ra dat dugc 1a ham lugng saponin con lai Sp = 95%, dd léch mau dE = 6,85 va chi phi dién nang
riéng Ar = 1,3kWh/kg. Ngoai ra, da xay dung dugc dudng cong tién doan tdc do giam am cla ré Dinh Lang theo mé hinh Wang & Singh va m hinh Henderson
& Pabis vdi dd chinh xc cao (R? > 0,97).

Tirkhod: Sdy bom nhiét, séng siéu am, ré Binh Lng, saponin, ty I gidn doan, bién d6i mau.

ABSTRACT

Polyscias fruticosa (L.) Harms roots are valuable medicinal materials rich in bioactive compounds, including saponins, vitamins, and amino acids, widely
utilized in traditional medicine for enhancing health and treating diseases. This study aimed to determine optimal drying conditions for sliced P. fruticosa roots
using ultrasound-assisted heat pump drying, focusing on reducing drying time, saving energy, and preserving product quality (saponin content and color).
Regression models describing relationships between drying parameters and quality indicators were established. Optimal drying parameters were identified as
a temperature of 44.7°C, ultrasound power of 325.8W, and intermittent emission ratio of 0.18. Under these conditions, high retention of saponin content (Sp =
95%), minimal color change (AE = 6.85), and low specific energy consumption (Ar = 1.3kWh/kg) were achieved. Additionally, drying kinetics were accurately
predicted by the Wang & Singh and Henderson & Pabis models (R* > 0.97).

Keywords: Heat Pump; ultrasonic waves; polyscias fruticosa roots; saponin; intermittent emission ratio; color change.
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1.DAT VAN PE bénh trong y hoc ¢ truyén. Ré Binh Lang chiia nhiéu hgp
Dinh Lang (Polyscias fruticosa) la loai cay duoc liéu chat quy, dac biét la nhém saponin triterpenoid ¢ hoat
quen thudc tai Viet Nam, c6 tac dung béi bé cothé vatri  tinh sinh hoc cao, cling cac vitamin By, By, B, C va khoang

150 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi Tap 61- 50 5A (5/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

20 axit amin thiét yéu cho co thé [1]. Cac nghién ctru dugc
ly cho thay chiét xuat ti ré Dinh Lang c6 tac dung tang
cudng tri nhé, luu théng mau nao va béi bg than kinh [2].
Tuy nhién, ré Dinh Ling tuoi c6 d& dm cao nén dé hu
hong sau thu hoach. Do dé, can cé phuong phap say
thich hgp dé€ bao quan va st dung lau dai loai dugc liéu
nay, dong thai phai ddm bao ham lugng hoat chat dugc
il t6i da.

Phuong phap sdy anh huéng I6n dén chat lugng dugc
liéu. Say d8i luu nhiét d6 cao co thé lam that thoat hoat
chat va bién déi mau sac san pham [3]. Trong nhiing nam
gan day, cong nghé sdy bom nhiét dugc quan tam nhg
hiéu qua nang lugng cao va kha nang sdy & nhiét d6 thap
dén trung binh, gitp bdo toan chat lugng ndng san va
dugc liéu. Bén canh do, viéc két hgp ngudn nang lugng bé
trg nhu vi s6ng, héng ngoai hoac siéu am dang md ra
huéng cai tién qua trinh sdy. Dac biét, song siéu am da
dugc ching minh c6 kha nang lam tang t6c dé truyén
nhiét va truyén khoi trong qua trinh sdy, qua dé rat ngan
thoi gian sdy va cai thién hiéu qua qua trinh [4, 5]. Nhiéu
nghién ctu trén thé gidi cho thay sdy cé hé trg siéu am
gilip gidm thdi gian sdy va gilt dugc chat lugng san pham
t6t hon so vai sdy thong thudng trén cac loai ndng san nhu
khoai tay [6], ca tim [7], tdo [8], mam x&i [9], tiéu xanh [10],
dauxanh [11], dadu Ha Lan [12], ca r6t [13], dau Azuki [14],...

Tai Viét Nam, mot sé cong trinh ciing da budc dau tng
dung c6ng nghé say bam nhiét két hgp siéu am cho dugc
liéu. Chdng han, Nguyén Xuan Quang va céng su [15] da
nghién ctu sdy Dang sam (Codonopsis javanica) véi hé
trg siéu am, thu dugc két qua kha quan vé hé sé khuéch
tan am va do bién d6i mau sic thap. Tuy nhién, viéc ing
dung cong nghé say tién tién nay cho ré Pinh Lang van
chua dugc nghién ctu day da. Gan day, Lé Anh Duc va
cdng su [16] da tién hanh xac dinh phuong phap va ché
do say phu hgp cho ré Dinh Lang thai lat, cho thay
phuaong phap sdy bom nhiét c6 nhiéu uu diém, nhat la khi
két hgp v6i mot ngudn nang lugng ho tro. Diéu nay ggi
ma tiém nang 4dp dung sdy bom nhiét trong xu ly loai
dugc liéu nay. Tuy vay, d€ nang cao hon nia hiéu qua say
va chat lugng dugc liéu, viéc tich hgp thém séng siéu am
ho trg say can dugc nghién cuu.

VGi muc tiéu rat ngan thoi gian sdy nhung van gilr
dugc ham lugng saponin va mau sac clia ré Dinh Lang sau
sdy, ching téi tién hanh nghién ctiu anh hudng cla céc
thong s6 cong nghé chinh (nhiét d6 sdy, cong suat siéu
am va ty lé gian doan phat song) dén qua trinh say Dinh
Lang bang may say bam nhiét c6 ho trg siéu am. Théng
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qua do, xac dinh dugc ché do say phu hop cho loai dugc
liéu nay.

2. VAT LIEU, THIET BI THi NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1.Vat liéu

Vat liéu la ré Dinh Lang tuoi khodng 5 nam tudi, trudc
khi dua vao say dugc bao quan trong tui chan khong kin
& diéu kién 8 + 0,5°C tur 3 - 5 ngay sau dé dugc lam am &
nhiét d6 méi trudng roi thai lat bang may thai lat véi do
day 6mm.

Khéi lugng ré Binh Lang mai lan sdy la 4kg/mé cho 3
khay sdy, c6 am dé ban dau dugc xac dinh bang thuc
nghiém: o, ~ 68% (ca s& udt).

Am d6 yéu cau: m, ~ 13% (co s& udt) (theo tiéu chuén
Dugc dién Viét Nam V [17])

Hinh 1a mé ta ré Dinh Lang tuai thai lat va hinh 1Tb mo6
ta ré Dinh Lang kho sau qua trinh say.

S

U g — Ny

b) Vat liéu kho
Hinh 1. Ré Dinh Lang thai lat trudc va sau khi sdy
2.2. Thiét bi thi nghiém
Thiét bi say s&r dung trong nghién ctiu la may say bom
nhiét két hgp song siéu am do Trudng Dai hoc Néng Lam
TP.HCM va Céng ty Thanh Quang ché tao phéat trién.
Nguyén ly lam viéc ctia may sdy dugc trinh bay & hinh 1.

HaUl Journal of Science and Technology | 151



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

VAN DIEN TUf
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Hinh 2. So d6 nguyén Iy may sdy bom nhiét két hgp song siéu am

Buéng sdy c6 kich thudc DxRxC: 1000x440x750 (mm),
c6 thé chira 3 + 5kg vat liéu méi mé sdy. May sdy dugc tich
hgp hé théng phat séng siéu am gan dudi cac khay say,
bd phat siéu am coéng suat t6i da 600W, tan sé 28kHz.
So6ng siéu am dugc truyén vao vat liéu théng qua cac tam
phat xa dat dudi day I6p vat liéu sdy. May say bom nhiét
van hanh & ché dé tuan hoan kin, cho phép duy tri nhiét
d6é tac nhan sdy én dinh trong dai 35 + 70°C véi d6 chinh
xac +£0,5°C. Hé théng diéu khién cho phép diéu chinh muc
cong suat siéu am va thiét lap ché dé phat séng lién tuc
hoac gian doan theo chu ky thai gian. Hinh 2 l1a may say
thuc té€ da dugc Idp dat va hoan thién.

Hinh 3. May sdy thuc té

Céac dung cu do dugc st dung trong nghién ctu nay
bao gém:
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+ Cam bién do téc do gid ES-

WS-01(xuat xi: Trung Quéc): Dai do 0 = 30m/s, d6 chinh
xac = (0,2 + 2%FS) m/s

+ B& xtr ly PLC thuong hiéu Wecon (Model: LX3V-
1212MT-A, xuat x& Trung Quéc).

+ Dong ho6 do dién nang PZEM-016 (xuat xd: Trung
Quéc): Dong dién 0 =+ 100A, sai s6 0,01. Cong suat: 0 +
26000W. Nang lugng: 0~9999kWh.

+ May do mau CHN SPEC (Model: CS-10, xuat xt Trung
Quéc): Dai do: L *: 1-100.

2.3. Phuong phap nghién ctiu

Ké thura cac két qua ctia cong trinh nghién ciu [18],
sau khi chon dugc théng sé dau vao va gia tri vung
nghién ctru. Chang téi tién hanh thi nghiém da yéu t6
theo quy hoach thuc nghiém bac hai Box-Behnken nham
danh gid anh hudng dong thai clia cac yéu té dau vao dén
cac chitiéu dau ra. S6 thi nghiém dugc xac dinh theo cong
thuc sau:

N = 2k(k - 1) + n,=23(3-1) +3 =15 m

Trong dé: k la s yéu t6é dau vao nghién ctru (k = 3), n,
la s6 thuc nghiém 13p tai diém trung tam (n, = 3).

Hinh 4 la mé hinh bai todn hop den mé td qua trinh

nghién cuu.
Sll Szi Sll

X, — —> Y,
Miy siy bom nhiét
X, — Kkét hop —> Y,
song siéu Am
Xy — —> Y;

Hinh 4. Mo hinh bai todn hop den md ta qua trinh nghién ctu
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Cacthéng sé dau vao: la cac yéu t6 anh hudng 1én chi
tiéu nghién cuu.

X1: Nhiét d6 tac nhan say T (°C);

X2: CoNng sudt song siéu am P (W);

Xs: Ti lé gian doan A.

Céc chi tiéu dau ra: dac trung cho chi tiéu kinh té va
ky thuat cGia may sdy bom nhiét két hgp séng siéu am.

Y;: Chi phi dién nang riéng Ar (kWh/kg);

Y,: Ham lugng saponin con lai Sp (%);

Y3: D6 léch mau dE.

Céc yéu té gay nhiéu: 1a cac yéu t6 ma muc dé anh
huéng clia chiing qua it hodc khéng thé kiém soat dugc.

€1: Nhiét d6 moi truong;

£2: D6 am moi trudng;

&3: Dién ap cung cap cho may say.

Thi nghiém tién hanh theo ma tran thi nghiém bac I
dugc lap theo quy hoach Box-Behnken. S6 liéu dugc
nhap, luu trir va x li bang phan mém Statgraphics 19 va
st dung phuong phép phan tich phuong sai (ANOVA) dé
danh gia muic d6 anh hudng ctia cac thong sé cong nghé
dén qua trinh nghién ctu. Sau d6 cac thi nghiém dugc téi
uu héa véi muc dich tiét kiém nang luong, han ché su
thay déi mau sac vat liéu va gitt lai cang nhiéu ham luong
saponin trong san phdm (ham muc tiéu: Ar — min; Sp —
max; dE — min). TUdé lam co s& d€ cai tién quy trinh cong
nghé va thiét ké thiét bi sdy nham trién khai (ing dung
rong rai trong san xuat thuc tién
2.4.Phuong phap xac dinh mét sé théng sé cdng nghé
cla qua trinh sdy

- Nhiét d6 sdy, thoi gian sdy, khéi lugng va d6 day ré
Dinh lang, cong suat song siéu am, dién nang tiéu thu
dugc xac dinh bang do dac truc tiép bang cac dung cu do.

- Ham lugng saponin con lai Sp dugc tinh theo cdng
thuc sau:

Sp:£.100(%) (2)
S 1
Trong d6: Sps la ham lugng Saponin ban dau (g/100g
chat kho), Sp, la ham lugng Saponin sau khi sdy (g/100g
chat kho).

Ham lugng Saponin (g/100g chat khé): Bugc xac dinh
ham lugng tai Vién Nghién ciu Cong nghé Sinh hoc & Moéi
truong clia Truong Pai hoc Nong Lam TP. HCM véi
phuong phap thit SAPONIN/01/2019.

- D6 am vat liéu say tai ting thai diém qua trinh sdy
dugc xac dinh sau khi da biét khoi lugng chat khé theo
cong thuc sau:

w, =2 "% 100 (96, co 56 UGt) 3)
mZ
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Trong d6: m, la khoi lugng vat liéu say ban dau, (kg);
m, 1a khéi lugng vat liéu sy tai thai diém 1, (kg); wi la d6
am tuong d6i clla ndm trudc tai ting thai diém sdy, (%);
mi la khéi lugng chat khé cé trong vat liéu, khoi lugng nay
xem nhu khéng thay déi trong suét qua trinh sdy, dugc
tinh theo céng thuc:

m,= m,.(1 -w,) (kg) (4)
- D6 léch mau dE dugc xac dinh theo cong thuc:
dE= U ~L P +(@ —a, ) +(b =b, ) (5)

Trong dé: L, ,a, , b, lacacgiatrichudn, sttdung
cac gia tri ban dau cta vat liéu tuci lam gia tri chuan. L',
a’, b" dugc sir dung dé mé ta su thay d6i mau sac trong
qua trinh sdy, cac gia tri L", a", b" dugc do bai may do mau
CHN SPEC CS-10.

- Chi phi dién nang riéng Ar (kWh/kg) dugc xac dinh
qua coéng thuc:

ref

Ar :Pi(kWh/kg) (6)

1
Trong do6: P la céng suat tiéu thu trong qua trinh say,
(kW); m; 1a khéi lugng vat liéu trudc khi sdy, (kg); Tla la
thai gian say, (gio)
- Ty |é gidn doan A dugc tinh theo cong thuc:
T,

_ OFF (7)
TON + TOFF

Trong dé:

Ton - Thai gian sdy c6 su ho trg song siéu am;

Torr - Thoi gian sdy khéng co6 séng siéu am;

A = 0: chay lién tuc;

A =0,2: chay 60s nghi 15s;

A =0,4: chay 60s nghi 40s

A =0,6: chay 60s nghi 90s;

A = 0,8: chay 60s nghi 240s
3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua quy hoach thuc nghiém

Ké thura cac két qua ctia cong trinh nghién ciu [18],
sau khi chon dugc vung thi nghiém thich hgp, ching t6i
tién hanh thuc nghiém da yéu t6 theo ma tran thi nghiém
da lap, cac két qua thuc nghiém thu dugc sau khi phan
tich tinh todn trinh bay & bang 1.

Bang 1. Ma tran thi nghiém va két qua thi nghiém

- Théng sd dau vao Théng sd daura
T | PW) | A | Ar(kWhkg) | dE | Sp
1 45 320 0,2 1,25 6,82 96,7
2 50 320 04 1,23 8,92 62,9
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3 45 320 0,2 1,27 675 | 968
4 40 220 0,2 1,63 716 | 86,8
5 40 320 0 1,58 585 | 821
6 40 420 0,2 1,52 775 | 895
7 45 420 0 1,39 968 | 881
8 45 220 04 1,45 914 | 758
9 50 220 0,2 1,18 122 | 779
10 45 320 0,2 1,25 6,65 | 937
1 50 420 0,2 1,12 n35 | 726
12 45 220 0 1.41 885 | 884
13 45 420 04 1,33 847 | 755
14 40 320 04 1,72 635 | 854
15 50 320 0 1,17 102 | 758

3.2. Phan tich sé liéu thuc nghiém

Két qua thuc nghiém da yéu t6 dugc tém tat & bang 1.
C6 thé thay cac chi tiéu dau ra bién dong kha rong trong
pham vi khao sat. Chi phi dién nang riéng Ar dao déng tu
khoang 1,12 dén 1,72kWh/kg; ham lugng saponin con lai
Sp tU ~62,9% dén 96,8%; va d6 léch mau dE tur ~5,85 dén
12,20. Diéu nay cho thdy anh hudng manh mé cla diéu
kién sdy dén chat lugng va hiéu qua say ré Dinh Lang.

Phan tich héi quy: S dung phuong phap binh
phuong nho nhat, nhom nghién ciu da xay dung dugc
cac ham hoi quy bac hai mé ta méi quan hé clia tiing chi
tiéu dau ra (Ar, Sp, dE) theo cac bién T, P, A. Cac hé sé phi
tuyén va tuong tac dugc dua vao moé hinh va tinh chinh
dua trén két qua ANOVA (loai bo nhiing han ché khéng
¢ y nghia théng ké). Cadc mé hinh cuéi cung thu dugc
nhu sau (v&i R? cho d6 phu hop t6t):

3.2.1. Ham chi phi dién nang riéng Ar (kWh/kg)

Mai quan hé chi phi dién nang riéng Ar véi T, P, A dugc
biéu dién b&i ham héi qui:

Ar = 9,23685 — 0,28825T — 0,00256417P

— 0,491667A +0,00271667T> + 0,00000379167P> (8)
— 0,00125PA + 2,51042A°
Ham diéu kién:

40<T<50; 220< P<420; 0 <A SO,4(R2 :0,981)

oo | -
~| D
or | [N
oo | 0]
ca| I
BC -
0 10 20 30 20 50 60

Standardized effect

Hinh 5. Anh huéng cac hé s hdi quy dén ham chi phi dién ning riéng Ar
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Hinh 8. Anh huéng P, A dén dén ham chi phi dién ndng riéng Ar

Dua vao ham hoi quy va d6 thi hinh 5+8, ta thay:

Ham chi phi dién nang riéng Ar bi anh hudng truc tiép
bé&i cac yéu té nhu nhiét d6 tac nhan say T, ty 1é gian doan
A, cong suat phat séng P, va su két hop gilta cong suat
phat song va ty 1é phat séng gidn doan. Trong khoang
nhiét dé tur 40°C dén 50°C, khi nhiét dé tac nhan say tang
Ién, chi phi dién nang Ar sé giam vi thai gian say dugc rat
ngan. Do d6, nhiét do sdy ty 1é nghich véi chi phi dién
nang. Tuong tu, khi xem xét ham chi phi dién nang riéng
Ar theo ty |é gian doan A, ta thay rang khi A tang, chi phi
dién nang riéng giam do thai gian say giam va dién nang
tiéu thu cho bd phat séng siéu am giam theo.

Tuy nhién, néu ty |é gian doan tiép tuc tang qua muc,
hiéu qua ho trg clia séng siéu am trong qua trinh say sé
giam, lam thoi gian say kéo dai va dan dén chi phi dién
nang riéng Ar tang Ién. Khi cédng suat phat séngP tang, chi
phi dién nang riéng Ar sé giam do thdi gian say dugc rat
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ngan. Tuy nhién, khi cong suat vugt qua mét ngudng
nhat dinh, tiéu tén dién nang cho bd phat séng sé tang
lén, trong khi sy hé trg clia séng siéu am trong qua trinh
say lai giam, nén chi phi dién nang riéng Ar bat dau tang
tré lai.
3.2.2. Ham thay déi mau sdc dE
M&i quan hé su thay d6i mau sic dE véi T, P, A dugc
biéu dién bsi ham héi qui:
dE = 62,6541 — 2,2976T — 0,09441P
+ 22,4125A + 0,0334T? - 0,00072TP
— 0,445TA + 0,000204P*> — 0,01875PA
+ 6,375A°
Ham diéu kién:

40< T <50; 220< P<420; 0 < A < 0,4(R2:0,9918)

AT | |

|
[
AC
BC
AB
C:A
cC
o 20

Hinh 9. Anh huéng cac hé s hoi quy dén su thay ddi mau séc dE

L L L
40 60 80
Standardized effect

10.5

dE

Hinh 11. Anh huging T, A dén su thay d6i mau sic dE
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Hinh 12. Anh huing P, A dén su thay d6i mau sic dE

Dua vao ham hoi quy va dé thi hinh 9 + 12, ta thay:

Ham thay déi mau sic dE bi anh hudng bai nhiét do
say T, ty |é gian doan A, cong suat phat séng P, cling nhu
cac moi quan hé két hgp gilta cdng suat va ty Ié gian
doan, cong suat va nhiét do, va nhiét do véi ty 1é gian
doan. Trong pham vi khao sét, nhiét dé tac nhan sdy tac
déng manh nhat dén su thay d6i mau sac. Khi nhiét do T
tang Ién, thai gian sdy gidm va su thay d6i mau sac cing
giam theo. Tuy nhién, khi nhiét d6 vugt qua mét ngudng
nhat dinh, mau sdc san pham sé thay ddi ro rét.

Khi ty I& gian doan tang, su thay d6i mau sic sé giam,
tuy nhién khi vugt qua nguéng nao do, su thay déi mau
sac lai cang nhiéu. Khi cong suat phat songtang, su thay
déi mau sdc sé giam, tuy nhién khi vugt qua ngudng nao
dé, su thay dé6i mau sac lai cang nhiéu.

3.2.3. Ham ham luong saponin con Ilai Sp (%)

Moi quan hé gilta ham lugng saponin con lai Sp véi T,
P, A dugc biéu dién bsi ham héi qui:

Sp = —715,661 + 34,425T + 0,276267P

+ 255,167A — 0,388667T° — 4,05TA

— 0,000431667P% - 236,667A2

(10)

Ham diéu kién:
40< T <50; 220 < P<420; 0 <A S0,4(R2 =o,954)

Dua vao ham hoi quy va dé thi hinh 13+16, ta thay:

Ham lugng saponin con lai Sp bi dnh hudng béi nhiét
d6 tac nhan say T, ty & gian doan A, cong suat phat séng
P (bac 1 va bac 2), va chiu su tac dong tir cac thong sé két
hgp nhu nhiét d6 vai ty 1é gian doan, cong suat véi ty &
gian doan

Trong vung khdo nghiém, ty I& gidn doan A c6 tac
déng manh nhat dén ham lugng saponin con lai Sp. Nhiét
do6 tac nhan sdy T cling ¢6 anh hudng dang ké, khi nhiét
do T tang, ham lugng saponin Sp sé tang nhd viéc rat
ngan thai gian say. Tuy nhién, khi nhiét d6 vugt qua mét
ngudng nhat dinh, ham luogng saponin sé giam do su
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phan hdy clia saponin dugi tac dong nhiét. Anh huéng
cla cong suat phat séng kha phtc tap va phu thuéc vao
ty lé gian doan. Méi quan hé gilta cong suat phat séng va
ham lugng saponin cé thé thay déi theo tiing ty Ié gian
doan: khi A =0, ham lugng saponin cé xu huéng gidm khi
céng suat tang (maoi quan hé nghich bién), trong khi véi
A = 0,4, ham lugng saponin lai tang khi céng suat tang
(m6i quan hé déng bién).
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Hinh 13. Anh huéing céc hé s6 héi quy dén ham lugng Sp
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Hinh 16. Anh huding P, A dén lugng Sp
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3.3. Xac dinh ché dé say phu hop

Bai toan t6i uu hoa da muc tiéu dugc gidi bang
phuong phap ham mong mudn (desirability) trén phan
mém Statgraphics, nham déng thaoi téi uu hoa cac chi tiéu
kinh té€ - ky thuat cia qua trinh sdy. Cu thé, ham da muc
tiéu: Ar — min, dE —min, Sp—max trong mién khao sat
T=40-50°C,P=220-420W, A=0-0,4. K&t qua xac dinh
dugc ché dé say phu hgp nhu sau:

e Nhiét do tac nhan say T (°C) = 44,7

¢ CONg suat siéu am P (W) = 325,8

e Ty lé gian doan A=0,18

V6i ché d6 say nay, phan mém duy bédo cac chi tiéu dau
ra tuong ung: Ar = 1,27kWh/kg, Sp = 96,4%, dE = 6,67. D&
kiém ching, ching téi da tién hanh thi nghiém say ré
Dinh Lang tai ché d6 sdy phu hgp tim dugc. Két qua thu
dugc rat sat vai gia tri du doan: Ar = 1,31kWh/kg, Sp =
95,2%, dE = 6,85. Sai léch tuong déi gilra gia tri thuc
nghiém va mo hinh dugi 5%, cho thay d6 tin cay cao cla
mo hinh xay dung. Nhu vay, nhd dp dung phuong phap
say két hgp siéu am, ré Binh Lang c6 thé dugc sdy khoé &
nhiét d6 tuong d6i thap (= 45°C) ma van gilr dugc téi =
95% ham lugng saponin, mau sac chi bién déi nhe (dE =
6 - 7, muc rat tét), chi phi dién nang riéng Ar = 1,3kWh/kg,
thap hon nhiéu so véi sdy d6i luu truyén thong.

Ngoai ra, dua trén dit liéu dong hoc sdy thu thap dugc
& ché d6 phu hgp, nhém nghién ctu da thi nghiém ap
dung mé hinh Wang & Singh va Henderson & Pabis dé
tién doan qua trinh gidm dm cda ré Dinh Ling. K&t qua
thu dugc phuong trinh moé ta su thay déi ctia d6 am tuong
déi (w) theo thai gian say (1) nhu sau:

e M6 hinh Wang & Singh:

w=0,1177-7>- 0,9309-T + 1,9365 (R* = 0,981)

e M6 hinh Henderson & Pabis:

w = 1,6148-exp(-0,529-1) (R*=0,974) (12)

Ca hai mé hinh déu cho hé s6 R* > 0,97, thé hién phu
hagp tét vai dit liéu thuc nghiém. M6 hinh Wang & Singh
cho dé chinh xac nhinh hon mét chat & vung cudi qua
trinh sdy (R = 0,981), trong khi mé hinh Henderson &
Pabis don gian hon vé mat toan hoc va van mé ta tét xu
huéng gidam am. Viéc xay dung dugc cadc mé hinh déng
hoc nay gitup du doan thai gian sdy dé dat d6 am mong
mudn, cling nhu ho trg thiét k&, diéu khién qua trinh sdy
trong thuc tién.
4, KET LUAN VA KHUYEN NGHI

Nghién ctru da tién hanh sdy ré Dinh Lang bang cong
nghé bom nhiét két hgp séng siéu dm va phan tich anh

(1
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hudng clia cac théng s6 ky thuat chinh dén hiéu qua va
chat lugng sdy. Bang phuang phép thuc nghiém da yéu
to trén may sdy da xay dung dugc ham héi quy biéu dién
quan hé gifta chi tiéu dau ra va théng s6 dau vao nhu sau:
+ Ar=19,23685 - 0,28825T - 0,00256417P - 0,491667A
+0,00271667T2 + 0,00000379167P?
-0,00125PA + 2,51042A?

Ham diéu kién: 40 < T <50;,220<P<420;0<A <04
(R2=0,98)
+ dE =62,6541-2,2976T - 0,09441P + 22,4125A
+ 0,0334T2 - 0,00072TP - 0,445TA + 0,000204P>
-0,01875PA + 6,375A?

Ham diéu kién: 40 < T < 50,220 <P <420;0<A <04
(R*=0,99)
+Sp =-715,661 + 34,425T + 0,276267P + 255,167A
-0,388667T2-4,05TA - 0,000431667P2
- 236,667A2

Ham diéu kién: 40 < T <50;220<P<420;0<A <04
(R2=10,95)

Ché d6 say phu hop cho may say theo nguyén ly bom
nhiét két hgp song siéu am nhu sau: nhiét dé tac nhan say
T=44,7°C, cbng suat phat séng P = 325,8W, ty |é gian doan
A = 0,18. Chi tiéu dat dugc theo ly thuyét: Ar = 1,27
(kWh/kg), Sp = 96,42 (%), dE = 6,67. Chi tiéu dat dugc bing
thuc nghiém: Ar= 1,31 (kWh/h), Sp = 95,2 (%), dE = 6,85.

Diéu nay tao nén tang cho viéc thiét ké va cai tién may
say bom nhiét két hop séng siéu am hién dai.
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