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BANG HE THONG SAY DUNG NANG LUQNG MAT TROI
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Pinh Vieong Himg", Pham Xudn Phirong® Nguyén Xuan Trung?
YTruong Pai hoc Nong Lam, Dai hoc Hué
*Truong Trung hoc Giao thdng vdn tai Hué

Tom tat. Bai bao nay trinh bay viéc thiét ké, xay dung va khao nghiém hé thong
sdy toi ding niang luong mat troi kiéu hdn hop déi lwu tw nhién. Khong khi di qua
bo thu nhiét (collector) dugc nung néng rdi di qua gié say c6 cac khay siy duoc xép
ting trong budng say. Ddng thoi, budng siy hap thu truc tiép ning luong mat troi
qua mai kinh trong sudt. Khong khi déi luu tw nhién qua hé thong say nho su chénh
léch nhiét do, cach b tri ludng khi va hai quat cau trén mai budng siy. Trong ngay
nang, két qua thi nghiém cho thay nhiét do khong khi ra khoi bo thu nhiét va trong
buéng Séy cao hon so véi nhiét d6 méi truong 10-20°C. Su gia tang nhiét do trong
budng sdy dat dén 50-55°C trong khoang ba gio tir giita trua. Vi 240 kg toi, luong
hoi 4m mit di trung binh 1a 1,42kg/gid tuong tng Vai toe do sdy 0,31%/gio. Toi
sau sy dat do 4m trung binh phan than cu 1a 55%, phan vo lua la 8%, phi hop vai
yéu cau bao quan lau dai.

Tir khoa: kiéu hdn hop, ning lugng mat troi, sdy toi, quat cau, nhiét do, do am.

1. Mé dau

Nhiéu loai néng san dang cu, qua, hat n6i chung sau thu hoach thuong phai trai
qua qué trinh phoi, siy dé dat d6 am can bang thich hop cho bao quan lau dai. Po 4m
can bang caa san pham quyét dinh rat lon dén thoi gian bao quan. Say nong san bang
nhiét thu dugc tir dién nang hay cac ngudn ning luong hda thach dap tmg duoc cac yéu
cau vé chat lugng san pham nhung nhin chung chi phi nang lugng cao.

Nhitng ndm gin day, ning luong buc xa mit troi duoc cac nha khoa hoc trén thé
gi6i ddc biét chi y khi ma ngudn ning lugng hoa thach truyén thong dang dan can kiét
va duoc danh gia nhu mot ngudn ning lwong vo tan. Viéc tng dung niang luong mat troi
dé sdy ndng san ciing dang dugc nhiéu nha khoa hoc quan tdm nghién ctu. Tuy nhién,
van d¢ dat ra trong viéc str dung ngudn ning lugng duoc cho la vo tan va “mién phi”
nay 1a chi phi dau tu ban dau, nguyén ly va hiéu suat cua thiét bi thu nhiét, kha nang chu
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dong trong qué trinh st dung do tinh cht that thuong cua thoi tiét. Do vay, viéc nghién
ctru ché tao nham nang cao hiéu qua cac thiét bi sir dung ning lwong mat troi va trién
khai ing dung ching vao thyc té Ia van dé c6 tinh cap thiét.

Toi (Alliumsativum L, ho hanh Alliaceac) 1a mot loai ndng san chtra tinh dau c6
hwong vi dac biét dugc sir dung rong réi trén toan thé gi¢i nhu mot loai gia vi. Tinh dau
tir toi 6 chira chat alicine cd kha nang khang sinh, diét khuan, chéng viém nhidm, giam
cholesterol va huyét ap. Ngoai ra, toi con chira ham lugng lon cac vitamin A, B, C, D,
PP ... va céc khoang chét can thiét cho co thé nhu i-6t, can-xi, phbt-pho, ma-gié va céac
nguyén té vi luong nén nd con duoc biét dén nhu mot vi thubc quy va phd bién. Tai
huyén dao Ly Son, tinh Quang Ngai, do dic thu vé khi hau va thd nhudng rat phi hop
VGi sy sinh truong va phat trién cua cay toi nén tir lau da tro thanh loai cay trong truyén
thong. San pham cay toi Ly Son d& dugc cdng nhan thuong hiéu quéc gia véi san luong
hang nam 1én dén khoang 2.000 tan. Tuy nhién, hién tai ndng dan Ly Son van lam kho
toi sau khi thu hoach bang phoi nang truc tiép, vi vay thoi gian phoi kéo dai (thuong tir
15-20 ngay/mé), san pham thu duoc khong dam bao chat lugng.

Hé thng sdy toi dung ning luong mat troi kiéu hdn hop dbi luu tu nhién voi
ning suat 240kg/mé duoc chon nghién ciru béi nhiing ly do sau:

- Huyén dao Ly Son 14 noi ¢6 cudng do birc xa mat troi Ion voi gan 2000 gio
ndng trong nam, rat phi hop véi hé thong siy dung ning lwgng mat troi (NLMT). Mat
khac, do diéu kién cach xa dat lién nén hién nay ngudn dién va cac loai nhién liéu ¢ Ly
Son chi dii cung cap cho tiéu ding va sinh hoat téi thiéu cua ngudi dan voi gia thanh
cao. Do d6, sdy toi bang NLMT kiéu hon hop d6i luu ti nhién 1a mot chon lya phi hop.

- Hé théng sdy dung ning lwong mit troi kiéu hdn hop (thu nhiét truc tiép va
gién tiép) co wu diém veé ting toc do 1am ndng vat am, nhiét luong thu duoc 16n do d6
nang cao dugc hiéu suat thu nhiét va téc do say.

- Hé théng say dung ning lugng mat troi co két ciu don gian; d& dang trong van
hanh va bao dudng. Quy trinh thi cong, lap rép thuan tién bang cac vat liéu sin co tai dia
phuong, phii hgp vai quy md ndng ho san xuat va kinh doanh hanh, toi.

2. Vit liéu va phuong phap nghién ctru

2.1. Vat ligu nghién ciru

Hé théng say dugc tinh toan thiét ké voi nang suat 240kg/mé va nguyén ligu siy
la toi d4 qua phoi ning dat d6 am phan vo lua 1a 13%, phan than ca 1a 60%. Do khdi
lugng cua phan vo lya so véi phan than cua ca toi 1a khong dang ké, dé thuan loi cho
viéc tinh toén ta coi cu toi 1a vat am véi dd 4m trung binh ban dau 1a w1 = 60% va d6 4m
sau say la w; = 55% (d6 am can bang cho bao quan).
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2.2. Phwong phdp nghién cuu

- Phuong phéap diéu tra, thu thap va xir ly théng tin, sb liéu: Dya vao céc sé liéu
vé diéu kién tu nhién, kinh té, x4 hoi, cac thi nghiém do buc xa mat troi dé xac dinh céac
thdng s6 nhu cuong do bic xa, nhiét d6 va do am méi trudng, &p suat khi quyén, toc do
gi6... trudc, trong va sau thoi vy thu hoach toi. Cac thong tin nay dugce dung lam co so
cho viéc tinh toan cac théng sé vé ché do 1am viéc ciing nhu két cau cho hé théng siy.

- Phuong phép tinh toan Iy thuyét: Viéc tinh toan Iy thuyét cho qua trinh siy
duoc dya trén co s ly thuyét qué trinh trao doi nhiét - am cua vat say va khong khi
say dé xac dinh cac thong sé co ban cho qua trinh sdy va céc thdng sb kich thugc cho
budng say.

- Phuong phap thuc nghiém: Nham danh gia kha nang lam viéc va kha ning tng
dung cuaa hé thong siy, mot hé thong say toi sir dung NLMT ky hiéu SMT-01LS duoc
ché tao va lip dat trén dia ban huyén Ly Son, Quang Ngéi. Qué trinh thyc hién thi
nghiém dé xac dinh cac thdng s6 nhu nhiét do, do 4m caa budng sdy, thoi gian sy, do
am cua san pham sau khi say va hiéu suat hip thy nhiét cua thiét bi.

3. Tinh toan ly thuyét quéa trinh sdy va thiét bi siy

Tur cac s6 lidu vé khi hau tinh Quang Ngai, chon nhiét d6 méi truong t;=30°C,
d6 am tuong d6i ¢y =75% Vai &p suat bdo hoa cua hoi nudc ¢ 30°C 1a ps=0,0425bar, &p
suat khong khi am 1a p = 0,9933 bar. Chon thoi gian siy la =16 gio véi toc do say
twong tng 1a 0,31%/gio. Luong am can béc hoi Wi,=26,67 kg/mé. Lugng am trung binh
can bdc hoi trong mot gio: Wy=1,67 kg/gio. Dya vao do thi I-d (thé hién trén hinh 1)
tinh can bang nhiét am trong qué trinh siy nhu sau:

3.1. Trang thdi khéong khi trwéc bg thu nhiée (d@iém 1)

1A 2

t 3
1

t3 /
ty l
0

d1 :dg d3 d
Hinh 1. & thA I-d

D¢ chira 4m caa khong khi: di= 0,622.% = 0,021 kg/kgkkk
— PPy
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Entanpi ctia khdng khi : 11 = Cpty + d1 (r + Cpnts) = 83,72 kd/kgkk
Trong do: r ~ 2500 kJ/kg la nhiét am hoa hoi ctia nudc,

Cok ~ 1 ki/kgkkk Ia nhiét dung riéng cua khong khi khd,

Con = 1,93 kd/kgkk la nhiét dung riéng cua hoi nudc.

3.2. Trang thai khong khi sau bé thu nhiér (@iém 2)

Vi nhiét @6 khong khi siy 1a t, = 50°C thi ap suat bdo hoa cua hoi nuéc 14
ps2=0,1235bar. Coi hé théng la kin thi d; = do, ta tinh duoc: I, = Cyty +d2 (r + Cpnty) =
104,53 ki/kgkk.

_ d,p
" (0622, )p,,

Do am tuwong dbi ciia khong khi: 100% = 26%

3.3. Trang thai khong khi cudi qué trinh sdy (@iém 3)

O trang thai nay Is = I, chon nhiét d¢ cudi qua trinh sdy t; = 38°C, véi pg =
0,0663bar.

l,-C,t

pk -3

——— =0,026 kg/kgkk
r+Cls 0,026 klkg

Ta tinh dugc: ds=

_ d,p
%= (0,622+d,)p.,

va: 100% = 60%

3.4. Tiéu hao khong khi ly thuyét
Tiéu hao riéng khong khi trong qua trinh say ly thuyét dugc xac dinh:

lo = ! . 200 kgkk/kg am
d3 - d1

Gia thiét hé thong 1a kin thi lwong khong khi kho can thiét dé say 240kg toi tir do
am 60% dén do am 55% la: L, = Wi, = 5334 kgkk. Vay, thé tich khéng khi 4m qua bo
thu nhiét la:

V =5334.0,951 =5072,6 m*
Do d6, luu luegng dong khi di qua bo thu nhiét [a: v, = ¥/ = 0,088 m*/s
Khéi lugng riéng caa khong khi trong budng say:
~ 99333
P d
287+462 2 |(273+t,)
1000

=1,07 kg/m®
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3.5. Tiéu hao nhigt cho qua trinh sdy
Tiéu hao nhiét riéng trong qué trinh sy ly thuyét duoc tinh theo biéu thuc:
0o = lo(l2 — 11) = 4162 ki/kg am
Tiéu hao nhiét trong qué trinh sy ly thuyét 1a:
Q = qo. Wy = 4162 . 26,67 = 111000,5 kJ
3.6. Tinh toan dién tich bg thu nhiét va buéng say

Vi hé théng sdy NLMT, budng sy ciing 1a bo thu nhiét phy. Do do, dién tich
thu nhiét bao gom ca dién tich caa bo thu nhiét chinh va budng say. Gia thiét hé théng la
kin, tiéu hao nhiét trong qua trinh siy Q ciing chinh 1a lwong nhiét hiru ich ma dong khi
nhan dugc Qq. Chon hiéu suét chung cua bd thu nhiét va budng say 1a n. = 0,3. Sir dung
phin mém HOMER version 2.76, ta ¢6 tinh duoc It = 5763 kWh/m?/ngay. Thoi gian can
say la 2 ngay, do vay dién tich thu nhiét dugc xac dinh theo cong thic:

A - Q, _ 1110005

= = =32,1 m?
n.2l;  0,3x2x5763

Dién tich budng siy can dam bao ning suat 240 kg/mé, vai kich thugc thira dat
san c0 tai dia diém nghién cau, ta chon:

- Dién tich budng say: 4,0m x 3,15m = 12,6m?

- Dién tich hap thu nhiét chinh: 4,0m x 3,42m x 1,42 = 19,42m?
4. Két qua va thao luan

Dua trén két qua tinh toan ly thuyét, mot hé théng siy toi da duoc thiét ké nhur
so d6 trén hinh 2. Khong khi méi truong di qua bo thu nhiét chinh 1 dugc lam néng tro
thanh dong khi siy. Bén canh do, do ¢6 ciu tao 1a méi kinh cho tia buc xa mat troi di
tryc tiép vao budng siy nén khdng khi trong budng say ciing duoc lam nong 1én déng ké.
Duya vao nguyén ly d6i luu, dong khi néng s& di qua cac khung c6 chira cac khay dung
toi dé hudng Ién phia trén, tai day sé trao nhiét va lay 4m tir vat siy. Sau khi di qua cac
khay sy, dong khi mang theo am va thoét ra ngoai qua céc quat hit cau.

Nhiét 6 trong budng sy dugc didu chinh bang cach ting hay giam luu lugng
khong khi nong di vao, nho sy thay doi d6 ma cira bo thu nhiét tir 0° dén 90°.

M6 hinh nha say toi da dugc ché tao, thi cong va lip dat tai x4 An Vinh, Ly Son,
Quang Ngai (hinh 3) tir thang 04/2010 dé phuc vu cho qué trinh khao nghiém nham
danh gia kha ning lam viéc va hiéu qua caa hé thng.

Bo thu nhiét chinh 1 duoc thiét ké dya trén nguyén ly hiéu ang nha kinh c6 cu
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tao nhu trén so' d6 hinh 2. Phan khung 1a mot hop xay bang gach, c6 nip day bang kinh
trong suét day 5mm, mat trén cua day 1a tim hap thu bang fibro-cement lwon séng duogc
son den khong bong. Khoang céch giira mat kinh va tdm thu nhiét 1a 20cm. Du6i mat
day co 16p cach nhiét bang x6p. Bo thu nhiét chinh cé dién tich phing 13,68 m? duoc
dat nghiéng mot goc 25° so voi mat phing ngang vé hudng Nam, 1a hudng c6 tia chiéu
cua mat troi vubng goc vai mat kinh.

6 HmiEm

BBElc xB mat tr@i

HBEENng Nam

&

BEIc xB mat trai

5>

Khong khi =Z~% o5,
Hinh 2. SE d& cBu tBo hE thEng sBly tai Hinh 3. HE thEng sBly tAli SMT-01LS
1- B@ thu nhidt chinh; 2- BA phin difu xay dang tai An Vinh, Ly SBn, Quing Ngéi
ch@nh nhi@lt d&; 3- Bullng sRy; 4- Mai
kinh;

Budng sy co kich thuéc trong 1a 4,0m x 3,15m dwoc xay bang gach céch nhiét;
mai duoc lip kinh day 5Smm dé sir dung hiéu @ng nha kinh tir birc xa mat trdi nhan duoc.
Trong budng siy dit 3 gia say, trén mdi gia co 4 khay siy dé chua toi duoc xép tang.
Céc khay say xép cach nhau 300 mm dé d¢am bao khdng can tré qué trinh nhan nhiét va
thoat am.

4.1. B4 tri thi nghigm

Hinh 4a. Cac gia va khay ch#la vt skly Hinh 4b. Hinh Bnh c@ t&i sau khi

Nu\Y,
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QU4 trinh thi nghiém duoc thuc hién trong hai ngay 29 va 30 thang 7 nam 2010 tai
An Vinh, voi 240Kg toi cit bo than da dugc ndng hd phoi ning tir 10 -12 ngay c6 do am
trung binh caa than ca 1a 59,08%, d6 am trung binh caa vo lya 12,97%. Téi hoic hanh duoc
rai déu trén mudi hai khay say ciia ba gia say, mdi khay 20kg (hinh 4a). Phia trén cling mdi
gia duoc che lai bang bao PP dé han ché anh nang tryc tiép vao cu toi gay “chin”.

Thiét bi do dac gdm: 01 can dong hd, 01 can do d6 4m dién tir, 01 may do do am
dién tir cam tay, 02 ddng hd do d6 am va nhiét d6 méi truong, 05 nhiét ké. Céc thiét bi
nay dam bao do chinh xac theo tiéu chuan diing cho cac phong thi nghiém.

Céc s6 lieu vé nhiét do, do am duoc thu thap mdi gid mot 1an, bat dau tir 7 gio va
két thlic vao 16 gio, tuong (g voi thoi gian ning trong ngay.

4.2. Két qud thi nghiém

4.2.1. Thay déi nhiét dg khong khi trong qué trinh sdy

Su chénh léch nhiét @6 dong khi tai ctra vao va cira ra cua bo thu nhiét chinh
duoc thé hién trén dd thi hinh 5.

Qua két qua do cho thay d6 chénh Iéch nhiét d6 lon nhat 1a 12,5°C va nho nhat [
2°C. Véi tim hap thyu bang vat liéu fibro-cement, kha ning nang nhiét cua bo thu nhiét
la khong cao, tuy vay, lai phi hop véi yéu cau cia vat siy.

Ngay 29/07/2010 Ngay 30/07/2010
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Hinh 5. Nhiét dg khdng khi vao va ra bgé thu nhiét chinh
Sy chénh léch nhiét do tai cac vi tri khac nhau trong budng siy qua 2 ngay khao
nghiém duoc trinh bay trén cac d6 thi hinh 6.
Dua trén cac do thi hinh 6 ta c6 thé nhan xét:

- Nhiét do khong khi & vi tri dudi khay sb 4 thap hon nhiét d6 khdng khi ra bo thu tir
0,50C dén 3,50C. Nhiét do khong khi ¢ vi tri gitta khay s6 2 va 3 chénh léch vai nhiét do
khong khi ra bo thu trong pham vi £30C. Nhiét 6 khong khi & vi tri trén khay sb 1 cao hon
nhiét d6 khong khi ra b thu tir 00C t&i 80C. Thir tyr dénh sé khay theo hinh 4a.

- Su gia ting chénh léch nhiét 6 16n xay ra trong khoang ba gio, bat dau tir
gitra trua.
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- Nhu vay, ¢6 thé n6i, mot luong Ion ning lwgng mat troi qua méi budng siy
duoc nén va thanh budng say hip thy. Mot phan lugng nhiét nay toa ra vao ban
dém, thyc té dén khoang 20 gio nhiét do trong budng say mai can bang vai nhiét
dd moi truong.

- Su chénh lech nhiét d6 ciia cac khay sdy la khong 1on, vi vay, khdng anh huong
nhiéu dén d6 dong déu caa mé siy.

Ngay 29/07/2010 Ngay 30/07/2010
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Hinh 6. Nhiér dg khong khi trong buong sdy ¢ ba vi tri do

4.2.2. Thay déi d¢ am khong khi trong qua trinh say

Trén cac do thi hinh 7 thé hién ¢6 4m caa khong khi bén trong va bén ngoai
budng siy duoc do trong hai ngay khao nghiém.
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Hinh 7. D¢ am twong dsi ciia khdng khi méi truong va trong busng say

Qua do thi cho thdy, sy chénh léch do am giira moi truong va budng say khong
I6n, @6 am trong budng siy nho hon méi truong. Didu ndy chang to qua trinh thoat am
dién ra cham. Vi téc do say nho, theo tinh toan 1a 0,3%/gid, qua trinh chuyén am tir
phan than cu ra vo lua dién ra binh thuong, dam bao chat lugng san pham say.

4.2.3. B¢ dm cua san pham sau khi say

Do am tuong ddi cua than cu va 16p vo lua sau khi siy duoc trinh bay trén
bang 1.
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Bang 1. ¢ dm twong doi cua ci téi sau khi say

STT Mau Do am than cii (%) Do 4m vo lua (%)
1 Mau 1 54,08 6,72
2 Mau 2 54,31 6,89
3 Mau 3 55,27 7,11
4 Trung binh 54.55 6,91

Céac mau do dugc lya chon ngau nhién tai cac vi tri khac nhau trén cac gia sdy.
San pham toi duogc lay dé do 6 am sau khi d dugc 1am ngudi hoan toan.

Két qua khao nghiém ciing cho thdy, trong lugng toi cua toan bo mé siy sau khi
sdy giam xubng con 217,2kg va hrong 4m da bay hoi 1a 22,8kg. Piéu dé chung to, két
qua nay 1a kha pht hop véi mé hinh tinh toan Iy thuyét.

4.3. Nhdgn xét va thao lugn

- Hé théng say SMT — 01LS c6 kha ning lam viéc tot, khi troi nang van hanh
dé dang.

- Hiéu suat hdp thu ning luong mat troi khoang 30%, phi hop dé siy céc san
pham toi, hanh, vén cé kha ning thoat am cham.

- San pham say c6 d6 am dong déu, trong pham vi cho phép; khdng bi nhiém ban,
dam bao yéu cau dé bao quan lau dai.

- Hé thng say ngoai viéc say toi, hanh & huyén dao Ly Son, con ¢ kha ning ap
dung sdy cac ndng hai san khéc.

5. Két luan

5.1. Hé thong sdy SMT-01LS c6 ciu tao don gian, tiét kiém chi phi ning lugng,
gop phan bao vé moi truong va nang cao chat luong san pham sy, Bdng thoi, hé thong
sdy nay ciing rat phi hop véi diéu kién khi hau, kinh té, ky thuat cua huyén dao Ly Son,
Quang Ngai ndi riéng va cac vung trong toi khac & nam mién Trung ndi chung (Phan
Rang, Phu Yén,...).

5.2. Chi phi dau tu pht hop véi ndng ho, c6 thé thu hdi vén trong khoang ba nam.

5.3. B4 nghién ctru co so Iy thuyét cua qua trinh sy, co so Iy thuyét tinh toan bo
thu nhiét va ap dung dé tinh toan thiét ké h¢ thong say toi sir dung ning lugng mit troi
c6 nang sut 240kg/mé.

5.4. Két qua nghién cau qua trinh trao ddi nhiét am giira vat liéu say va tac nhan
sdy, qua trinh thu nhiét mat troi bang hiéu tmg nha kinh da xac dinh duoc cac thong s6
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co ban cua qua trinh say 1am co sé cho viéc thiét ké hé thong thiét bi say.

5.5. Do diéu kién kinh phi va thoi gian, thi nghiém chi thuc hién duoc véi toi da qua
phoi ning so bd ciia ndng ho. Tuy vay, két qua thi nghiém budc dau da xéc dinh dwoc cac
théng s anh huong dén do 4m san pham say va thoi gian sdy thé hién trén cac db thi.

Dé nang cao hiéu qua sir dung, hé théng say SMT-01LS con dugc lép dat thiét bi
sdy cudng birc bang khoi 10 (46t bang than to ong) dé st dung say hanh, rong bién, muc
kho... vé mua mua. Viéc lip dat cac thiét bi nay khéng anh huong dén viéc siy bang
ning lugng mat troi trong mua nang.

Két qua nghién ciru trén 14 co s quan trong dé tiép tuc nghién ctru va hoan thién
hé théng say toi ding ning lwong mit troi 4p dung cho san xuat.
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PERFORMANCE EVALUATION OF A
MIXED-MODE SOLAR DRYER WITH TURBOVENTILATOR
Dinh Vuong Hung', Pham Xuan Phuong®, Nguyen Xuan Trung?
'College of Agriculture and Forestry, Hue University,

2 Hue Intermediate School of Transport

Abstract. This paper presents an evaluation on the design, construction and
performance of a mixed-mode solar dryer with turboventilator for galic
preservation. In the dryer, the heated air from a separate solar collector is passed
through a grain bed, and at the same time, the drying cabinet absorbs solar energy
directly through the transparent roof. The results obtained during the test period
revealed that the temperatures inside the dryer and solar collector were much higher
than the ambient temperature during most hours of the day-light. The temperature
rise inside the drying cabinet was up to 32% for about three hours immediately
after 12:00 pm. The drying rate and system efficiency were 0,62 kg/h and 57,5%
respectively. The rapid rate of drying in the dryer reveals its ability to dry food
items reasonably rapidly to a safe moisture level.

Keywords: garlic dryer, mixed-mode, performance evaluation, solar energy,
turboventilator.
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