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TOM TAT

Nghién ciru nay danh gid anh hong ciia cwong dg dong dién, vén toc khéong khi va dg am
méi truong dén toc dd ngung tu cing hé so hiéu sudt nang heong ciia thiét bi khai théc nwée tiv khi
quyén sw dung mo-dun nhiét dién. Nhom tdac gia da xay dung mot mé hinh toan hoc dva trén cdc
phirong trinh cdn bang nang lwong va truyén khoi. Quy trinh tinh todn dwoc thiét ldp trén phan
mém MATLAB va tién hanh kiém chirng bcing dir lieu thuc nghiém, khcfng dinh do tin cqy trong viéc
mé phong cdc hién twong vt 1y phirc tap. Két qua thu dwoc chi ra rang tac dong cia dong dién va
vdn toc gio 1én téc do ngung tu ciing nhie hiéu sudt hé thong déu tudn theo quy ludt parabol véi cdc
diém 16i wu ré rét. Trén co sé do, nghién ciru dé xudt dai van hanh cho cuwong do dong dién la 1,5
A—2,5Avavan toc gié la 1,0 m/s — 1,5 m/s. Viéc xdc dinh cdc ving théng sé nay ¢6 y nghia thuc
tién I6n, lam co s6 dé t6i wu héa kha nang lam viéc cia hé thong, dam bdo sw can bang giita sdn
lirong nuée thu hoi va ning lwong tiéu thy.

Tir khéa: Mé-dun nhiét dién; Toc dé ngung tu, Piém swong; Hé s6 hiéu suat; Thiét bi thu
hoi nuoc tie khi quyén.

ABSTRACT

This study evaluates the effects of electrical current, air velocity, and ambient humidity
on the condensation rate and coefficient of performance of an atmospheric water harvester using
thermoelectric modules. A mathematical model founded on energy balance and mass transfer
equations was developed. The computational procedure was implemented in MATLAB and validated
against experimental data, confirming its reliability in simulating complex physical phenomena.
The results indicate that the impacts of current and air velocity on both the condensation rate and
system efficiency follow a parabolic trend with distinct optimal points. Consequently, the study
recommends an operating range of 1.5 A — 2.5 A for the electrical current and 1.0 m/s — 1.5 m/s
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for the air velocity. Identifying these regions holds significant practical value, serving as a basis
for optimizing operating modes to ensure a balance between recovered water yield and energy

consumption.

Keywords: Thermoelectric module; Condensation rate; Dew point;, The coefficient of

performance; Atmospheric water harvester.
1. PAT VAN DE

Su khan hiém nudc ngot trén toan cau
da thuc day viéc tim kiém cac cong nghé thay
thé bén viing dé khai thac ngudn nudc doi diao
trong khi quyén. Trong s6 cic phuong phéap
hién dai, hé thong thu hdi nude tir khong khi
st dung mo-dun lam mat nhi¢t dién (TEC) dya
trén hiéu Gmg Peltier dang ndi 1én nhu mot giai
phap day trién vong cho cac tmg dung quy mé
nhd, di dong va st dung tai cac khu vuc thiéu
ha tang lu6i dién [1]. Hé thdng nay van hanh
béng céch lam lanh bé mit trao doi nhiét xuéng
dué6i nhiét d6 diém suong cta khong khi dé tao
ra su chuyén pha cta hoi nude tir thé khi sang
thé 16ng [2]. Tuy nhién, hé s6 hiéu suit (COP)
thuc té cua hé théng chiu anh hudéng manh boi
su twong tac phi tuyén gitta nhidu thong s6 vat
ly nhu nhiét d6 moi truong, do 4m twong ddi
(RH), van tde dong khi, cuong d§ dong di¢n
dau vao, dién tich va vt liéu tan nhiét [3]. Dé
1am co s& cai tién hidu suat tan nhiét, giup tang
hiéu suét tong thé cho hé thong can phai danh
gia anh hudng cua cac thong sd van hanh va
didu kién moi truong.

2. XAY DUNG MO HINH VA KIEM
CHUNG KET QUA

2.1. X4y dung mo hinh

Céu triic dién hinh cia hé thong khai
thac nuoc tr khong khi (AWH) st dung TEC
dugc chi ra trén Hinh 1, bao gom bdn thanh phan
chinh: m6-dun TEC, bd tan nhiét cho mat lanh,
bo tan nhié¢t cho mat nong va quat gié [2, 4].

Mo-dun TEC ] 1T eTi an nhiét mit nong
|—lh--_" — | Quat mit nong

Quat mt lanh u

Tim nhiét mt lanh .

Tan nhi¢t mit nong
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Qugt mit Ln% -,
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Tim nhict mit lanh Khay chira i

Hinh 1. Cau triic va mé hinh ciia AWH sir dung
TEC [4]

Nguyén 1y van hanh cta hé thong dua
trén hai hién tugng vat 1y co ban 1a hi¢u ng
Peltier két hop v6i qua trinh ngung tu hoi nude
khi khong khi 4m tiép xtic véi bé mat tan nhiét
dugc lam lanh bai TEC. Nhiét lwvong hip thu
trén mat lanh (Q,) va nhiét lugng toa ra tr mat
nong (Q,) xéac dinh theo cong thirc [5]:

2

IR
0, -a,IT —2-KAT ()

2

I’R
Q, =, T, +—*~K,AT )

Trong do: I 1a cuong do dong dién (A);
T, T, la nhi€t d§ phia mat lanh va mdt nong
cua TEC (K), AT=T, -T;R , 0 ,K_1lan luot
1a dién tro (Q), hé s6 Seebeck (V/K) va d6 dan
nhiét cua TEC (1/Qm) dugc xac dinh tir thong
s6 cuia mo-dun TEC [5].

Toc dd trao doi nhiét ctia bo tan nhiét

lanh phu thudc vao tde do truyén nhiét do dbi
luu va ngung tu gay ra, do do ta c6 quan hé [6]:

Qc = Qa + Q[ (3)
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Trong d6: Q, 1a nhiét lugng d6i luu va
Q, 1a nhiét lugng ngung tu.

Q, =hA(T,-T) 4

Vi A_la tong dién tich bé mit tan nhiét
lanh; he 14 hé s6 truyén nhiét d6i luu ctia khong
khi trén mat lanh(W/m?K); T  la nhi¢t do khong
khi dau vao va T_1a nhiét do bé mit tan nhit
mat lanh.

Ql - mwhfg (5)
Vi:
_h A(pvm_pvc) (6)

la toc do ngung tu nuoc [6], trong do:
h_-H¢ s6 truyén khoi (m/s) P, - Mat do hoti
nuéc trong khong khi dau vao (kg/m3) P
Mit d6 hoi nuéc bdo hoa tai bé mat ngung
tu (kg/m®); p . va p _coO thé tinh toan tu cac
phuong trinh trang thal ctia khong khi am [6].

D61 voi hon hop khong khi kho va hoi
nudc, gia tri cua sO Lewis xap xi 1 nén:

p, =

m
pa cp

Trong do: p, la khéi lugng riéng cia
khong khi (kg/m3) c, la nhiét dung riéng cua
khong khi & ap suét khong d6i (J/kgK);

hy, (T) =(2500.8 - 2.36T, +0. 001677 —0.000067")x10° (7)
la nhiét 4n hoa hoi ctia nudc [4].

Dbi v6i tan nhiét khi, nhiét lwong toa
ra tr mat nong truyén ra moi trudng bén ngoai
nén ta c6 cong thirc [6]:

Qh :hhAh(Th -1,) 3

Trong do: A, la téng dién tich bé mat
tan nhi€t nong; h, 1a h¢ so truyén nhi¢t doi luu

cua khong khi trén mat nong (W/m’K); T, la
nhiét d6 bé mit tan nhiét mit nong.

Goi P 1a cong sut dién tiéu thy coa
TEC, tr dinh luat nhiét dong luc hoc thir nhat
suy ra:

TEC Qh Qc (9)

Khi d6, hé sé hiéu suit (COP) cua bd
lam mat nhiét dién duoc xac dinh:

9 (10)

+ Py,

COP =

TEC

Trong do, P, 1a cong sudt ciia quat.

Mot chuong trinh tinh bing MATLAB
d3 duoc xay dung dua trén cac thong sé6 mod
hinh nguyén mau cta J. Kim va cong sy chi
ra trén Hinh 2. M6-dun TEC HMN 6055 MCS
duoc st dung c6 cac thong sb cuc dai chi ra
trong Bang 1 va déc tinh tdn nhiét mat néng va
mat lanh dugc chi ra trong Bang 2 [4].

Bdng 1. Théng s6 ciia mé-dun TEC

Théng s6 ky thuat Gia tri
Dong dién cyc dai (I ) 6.3A
Dién ap cyc dai (V) 27.7V
Chénh Iéch nhiét d6 cuc dai o
(AT ) 78°C
bién tré dién tai 25°C 4.0Q
Nhlet do mO} tn’rorng gla 29°C (trong
dinh trong cac tinh toan thuc duong 302 K)
nghiém (T ) &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
190 TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

Bdng 2. Théng sé bé tan nhiét 2.2. Kiém chirng két qua
o B6 tin nhiét | B® tin nhiét Duya trén cac bang s6 lidu va biéu do
Thong so miit lanh miit néng trong tai liéu nguon [4], s0 liéu thuc nghiém vé

. tdc do ngung tu nudce va hé sb hiéu suit theo
Vat licu Nhém Nhém ) neuns i ; ;

vén toc gié twong tmg duoc ndi suy va so sanh
50 mm x 40 | 127 mm x 180 v6i két qua mo phong tir mo hinh 1y thuyét trén

Kich thudc dé : ” -

mm mm Hinh 3 va Hinh 4. Cac thi nghi¢m va mo6 phong
Chiéu cao dugc thuc hién trong diéu kién méi truong:

, , n 10 mm 21 mm ‘Ar AA 700 A R A: =m0
canh tan nhiét nhi¢t d6 29°C, d¢ am tuong doi 57%.
D,Q da}./Acanh 1.5 mm 1 mm 0.14
tan nhiét
0.12

Khoang cach

4 mm 3.5 mm 0.1
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o 0.08

© 0.06 o
BAT DAL md phong
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- Didu kitn mdi emg: Tor, RH cua J Kim
- Thong sb TEC: Vima, lmax, ATmax 0
- Théng sb bj tin nhilt, Py, 0.5 1 1.5 2 25 3
' Vintéc gid mit lanh (m/s)
TINH TOAN CAC HE S0 PAC TRUNG CUA TEC: -
Tinh b s Seebeck (a,,). dign i (R,). 45 dho uhid (K,) Hinh 3. Do thi COP
| THIET LAP VONG LAP BIEN 80
Chion dii ik wj dbng didn (1), via tbe gid (v,). ,:\"’1
- =
GIAI HE PHUONG TRINH CAN BANG: E 3
PI(1) = PT(3) | Ploroug phip pisi lip Newton - ) T
= -
PIQ) =PI®) | " fimT,T, S0
I =3 -
TINH CAC THONG SO PHU THUQC NHIET BO: =0
Nt Am sy o (i), b 86 truyén mhide by b) E 4 .
E = mo phong
TINH TOAN KET QUA PAU RA CHO MO1 BUGTC LAP: =
Tinh tbe 4 ngmg ta mexde (). bé s hign sukt (COP) O 1 [ === néi suy tir két qui thire nghiém
S ciia J Kim
CHUA HET DAI KIEM TRA 0
' Dty KIf 0.5 1 1.5 2 235 3
Vin téc gio mat lanh (m/s)
5 HET DAl ’ goma &
/ KETQUA / Hinh 4. D6 thi luwong nuoc thu hoi
Louru Kot o wil ot ) g
m D6 thi thé hién trén Hinh 3 cho thiy
COP cua h¢ thong tang theo van toc gi6 mat
Hinh 2. So' do khoi chiong trinh tinh lanh va dat gia tri cuc dai khoang 0,126 tai van &~
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tde xép xi 1,2 m/s, sau d6 giam dan khi van tdc
tiép tuc tang. Két qua mo phong phi hop tot voi
dr liéu thuc nghi¢m cta J. Kim vé ca xu huong
bién thién va gia tri cuc dai, ching t6 mo hinh
c6 d¢ tin cay cao. Tuy nhién, sai Iéch tang lén &
ving véan toc 16n ¢6 thé xuét phat tir cc ton hao
nhiét va diéu kién ddi luu thuc té chua duoc xét
day du trong mé hinh 1y thuyét.

D6 thi trén Hinh 4 phan 4nh téc do thu
héi nudce tang khi van toc gié mit lanh ting tir
0,5 m/s dén khoang 1,2 m/s va dat gia tri 16n
nhat xap xi 7,7 ml/h, sau d6 giam dan & ving
van téc cao hon. Xu hudng nay cho thiy su ton
tai ché do trao ddi nhiét tbi uu, tai do qué trinh
ngung tu hoi 4m dién ra hiéu qua nhat. Két qua
tinh todn bam sat dir liéu thyc nghiém cua J.
Kim trén toan bd mién khdo sat voi sai khac
nho, kh'fmg dinh kha nang du doan tdt ciia mod
hinh d4 thiét lap.

Két qua kiém chiing nay xac nhan céac
gia thiét va phuong phap xdy duyng mé hinh la
hop 1y, c6 kha nang phan anh dang dac tinh lam
viéc ctia hé thong va co thé ung dung cho muc
dich du doan, phan tich van hanh hé thong.

3. THAO LUAN

Mic du sir dung bo thong s6 mé hinh tir
nghién ctru J.Kim va cong su, nghién ctu hi¢n
tai khong di vao phan tich anh hudng cia nhiét
do mat lanh nhu nguyén mau ma mo rong phan
tich anh hudng phi tuyén cia cuong d6 dong
dién va van toc 216 mat lanh trong céc diéu kién
d6 am twong d6i khac nhau dén téc d6 ngung tu
va hiéu suét thu hoi nuée.

3.1. Su thay ddi ciia téc dd ngung tu nwée va
COP theo dong dién

Do thi chi ra trén Hinh 5 va Hinh 6 1a
minh ching cho cuong do dong dién cod anh

huong ro rét dén lugng nudc thu hdi va hé sb
hiéu suit COP cta hé théng & cac muc d6 Am
tuong dbi khac nhau. Khi dong dién ting tir 0,5
A dénkhoang 1,5 —2,5 A, ca luong nudc ngung
tu va COP déu ting dang ké do cong suat lam
lanh dugc cai thién, lam ting kha ning trao doi
nhiét va qué trinh ngung tu am. Tuy nhién, khi
dong dién tiép tuc tang dén ving 3,5 — 4 A, ca
hai dai luong déu giam. Nguyén nhan 1a do
nhiét Joule phat sinh & mat nong cia phan tu
nhiét dién tang manh, lam suy gidm chénh I¢ch
nhiét do htru ich va giam hi¢u qua lam vi¢c cua
hé thong.
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Hinh 6. D6 thi hé s6 hiéu sudt theo cuong do dong dién

Ca hai d6 thi cho thay ton tai mot ving
dong dién t6i wu khoang 1,5 — 2,5 A, tai d6 hé
théng dat dong thoi hiéu sudt ning luong va
kha ning thu hoi nudc cao nhat. Pay 1a co so
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quan trong cho vi¢c lua chon ché do van hanh
toi ru nham nang cao hi¢u qua cua hé thong thu
hoi nudc tir khong khi.

3.2. Su thay d6i ciia toc dd ngung tu nwée va
COP theo van tbc gi6

Do thi trén Hinh 7 va Hinh 8 biéu thi
van tbc gi6 mat lanh anh hudng dang ké dén
luong nude thu hoi va hé sé hiéu suat COP cua
hé théng. Khi van toc gio tang tir 0,5 m/s dén
khoang 1,0-1,5 m/s, ca lugng nudc ngung tu
va COP déu tang rd rét. Diéu nay phan anh qua
trinh trao d6i nhiét — am giita khong khi va bé
mat lanh dugc ting cuong, lam nang cao kha
nang tach 4m ciing nhu hiéu qua sir dung ning
lwong cua hé thong.

1'1 -
12 & el
-~ -

10 _+* --

T

O W & O D@

Téc dd ngumg ty mréve (mlh)

os _.. . .15 25
Viantoc gio mat lanh (m/'s)
—— RH5 7% RH70% ==i== BH90%

Hinh 7. D6 thi téc dé lwong nuwoc thu hoi theo vin
toc gio mat lanh
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Hinh 8. Do thi hé s6 hiéu sudt theo
van téc gio mat lanh

Tuy nhién, khi van tdc gio tiép tuc ting
trén 1,5 m/s, luong nudc thu hdi va COP ¢ xu
huéng giam dan. Nguyén nhan 1 do thoi gian
tiép xuc gitta dong khong khi va bé mit lanh bi
rit ngin, khién khong khi chua kip dat trang
thai bao hoa dé xay ra ngung tu hiéu qua. Pong
thoi, tai nhiét ddi luu ting 1én ciing lam suy
giam kha ning duy tri nhiét do thip tai bé mat
lanh, tr d6 lam giam hi¢u suét té)ng thé cua hé
théng.

Cac két qua md phong thé hién rd viéc
tdn tai mot vung van tde gio tdi wu khoang 1,0
~1,5 m/s, tai d6 hé théng dat dong thoi hiéu
su€'1’t ning luong va kha niang thu hdi nude tot
nhat.

Két qua ciing chi ra do am tuong dbi
cang cao thi lugng nudc thu hdi va COP cang
16n. O diéu kién RH 90%, hé thong dat gia tri
cuc dai cao nhat cho ca lugng nudc ngung tu va
COP, trong khi RH 57% cho gia trj thap nhat.
Diéu nay phu hop voi dic tinh vat 1y cta quéa
trinh ngung tu, khi ham luong hoi 4m trong
khong khi 16n hon sé tao diéu kién thuan loi
cho qua trinh tach am.

4. KET LUAN

Nghién ctru da xay dung thanh cong mo
hinh 1y thuyét phan tich dong nhiét trong mo-
dun TEC nham tinh toan toc d6 ngung tu va chi
s6 COP cua hé théng thu hdi nude, voi do chinh
xac duoc xac thuc qua thuc nghi¢m. Két qua
phan tich chi ra anh huong 16n va phi tuyén tinh
ctia dong dién van hanh va vén tdc gi6 dén hiéu
suat hé théng. Dic biét, dé t6i wu hoa dong thoi
kha nang thu hdi nude va hiéu qua ning luong,
ché do van hanh khuyén nghi cho hé théng 1a
duy tri dong dién trong khoang 1,5 — 2,5 A va
van tdc gi6 mat lanh tir 1,0 — 1,5 m/s. Day la
co s6 1y thuyét va thyc tién quan trong gitip cai

thién hiéu suat nang lugng tan nhiét cho cac hé =~
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théng thu hdi nudc st dung m6-dun nhiét di¢n
hién nay.
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