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Ngay nhan bai: 29/04/2025 ~ Nang lugng mat troi dugc xem 1a nguén nang lugng tai tao va dugc ng
dung nhiéu trong cong nghiép va doi song. Bai bao nay trinh bay két qua
tinh toan thiét ké, ché tao thiét bi chung cit nudc, str dung ngudn ning
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N dé thu nhan nudc ngot, huéng dén ing dung cho cac vung bi xam nha
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TU KHOA nhiét c6 dung tich 15 lit, buong phun ¢6 D x H = 52 x 65cm, ap suét phun
p = 3bar, bo ngung tu dang éng xodn c6 dudng kinh d = 6mm, 1= 5m. Két
i qué van hanh thir nghiém cho thiy trong khoang thoi gian tir 8 gid —16 gio,
Chung cat nuéc; cuong do birc xa do duoc tir 300 — 1200 W/m?, lwgng nude ngot thu duoc
tir 0,5 - 1,12 lit/h, lugng dién tiéu thu trung binh 0,433 kWh/lit. Két qua
nghién ctru mé ra hudng thiét ké ché tao thiét bi chung cat nudc ¢ nhiét do
Phun bay hoi; khong can dun sbi va viée két hop voi nang lugng tai tao dé tiét kiém ning
lugng.
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1. Giéi thi¢u

Hién nay, van dé xam nhdp man ngdy cang nghiém trong, dan dén sy khan hiém nudc ngot va anh
huong nhiéu dén doi sdng cta ngudi dan va ciy trong & cac ving nay. Nhiéu nha khoa hoc trong nuréc
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da nghién ctru vé cong ngh¢ khir man nuéc mén dé cung cép nude ngot cho sinh hoat, dién hinh co6
nghién ctu Vé cac cong nghé khir man [1], da phan tich, danh gia va lya chon loai cong ngh¢ khir man
hiéu qua dé cap nudc sinh hoat cho dan cu néng thon dong bang séng Ctru Long; nghién ciru tmg dung
cong nghé mang tham thiu nguoc dé khir man phuc vu cap nudc cho sinh hoat ving duyén hai va hai
dao [2]; nghién ctru str dung mang loc dé khir man va cho thiy hiéu qua cao [3]; nghién ctru chung cét
khir man dé san xudt nuéc ngot tir nudc bién trong moi truong ap suét thap [4], ket qua cho thiy h¢
thong ¢6 hiéu qua cao. Bén canh do, nghién ctiru khir man bang phuong phap chung cét, trong d6 chi y
dén viée sir dung nguon nhiét 1a nang lugng mat troi (NLMT) dé tiét kiém nang lugng cling dugc nhiéu
nha khoa hoc quan tim, dién hinh c¢6 nghién ctru vé thiét bi chung cit nudc bang NLMT, két qua cho
thdy san luong nude chung cat dat 4,9 kg/m?, ing voi birc xa trung binh 635 W/m? [5]; nghién ctru md
phéng va thuc nghiém thiét bj chung cAt nudc su dung NLMT dang bac thang, san lugng nudc ra 4,265
kg/m?, véi birc xa trung binh 586 W/m? [6]; nghién ciru cong nghé xtr Iy nuéc nhiém min sir dung
NLMT dé cung cAp nude ngot quy md h gia dinh [7]; nghién ctru chung cat nude ngot bang NLMT c¢6
cap nhiét bd sung bang collector ng nhiét chan khong, ket qua thu dugc 4 11t/m2/ngay [8]; nghién ctru
chung cat nudc sir dung NLMT dang single basin két hop dng thay tinh chén khong, ket qua san lugng
nuéc dat 5,86 kg/m?, véi buc xa trung binh 516 W/m?2[9]. Nhin chung, vin d& cung cp nudc ngot cho
cac vung bi xam nhap man dugc nhiéu nha khoa hoc quan tam, viéc nghién ctru sit dung NLMT lam
ngudn nhiét dé chung cat va thu hoi nude ngot da dugce nghién ciru trong thoi gian gan day.

NLMT duoc str dung 1am ngudn nhiét dé chung cit nudc duge nhidu nha khoa hoc nudc ngoai quan
tam, dién hinh co: nghién ctru thiét bi chung cat ding NLMT dé 1am bay hoi nudc dya trén hiéu tng
nha kinh, két qua cho thay hi¢u qua cao v€ mit nang lugng dé thu dugc nude tinh khiét [10], [11]; nghién
ciiu thlet bi chung cit NLMT véi 04 cong suat khac nhau danh gia hiéu qua, két qua cho thay thiét bi
san xuét duge nudc tinh khiét dat 0,0288 lit/m?/gio [12]; U. Sahoo va cong su di nghién ctru thiét bi
chung cit nuéc NLMT dang tim phéng [13], két qua dat san lugng nude ct 6,03 lit/ngay/m? & nhiét do
mdi truong 23°C, trong thoi gian 8-9 gio. Bén canh do, chung cat nudc man, nude lo huéng dén cung
cip nudc ngot cho ving khan hiém ciing duoc nhiéu nha khoa hoc tip trung nghién ctru, dién hinh c6
nghién ctru [14] da st dung pin NLMT cong suat 975W, dé dun nong lam bay hoi nude, thu dugc luong
nudc 1a 5,57 lit/ngay; nghién clru anh huong cac thong so nhu d6 qua nhiét, ap sudt, voi phun dén hiéu
qua khur mén [15]; nghién ctu téng quan vé qua trinh khir mén bang phuong phap phun bay hoi [16],
da so sanh cac h¢ thong khir man dang 1 cép, nhiéu cap, mot cdp v6i tAm thu nhiét NLMT dang tAm
phang, dang khir 4m két hop bay hoi nhanh, chung cat bang NLMT két hop bay hoi nhanh, cho thdy
lwong nude thu duoc véi dién tich tim thu nhiét 2 m? dat 8,5 lit/ngay; nghién ctru khir mén bang phuong
phap bay hoi nhanh c6 sir dung NLMT lam ngudn nhiét két hop véi viée bo sung thém vat liéu chuyén
pha dang vién nang [17], két qua cho thay hiéu qua tang 23,1%, nang lugng tiéu thu giam 18,3%; nghién
ctru khir mén bang phun bay hoi mdt cap, sur dung tam thu NLMT lm2 [18], két qua ning suat dat 9 lit
/m?/ ngay, tong chat ran hoa tan ciia nude ngot la 40 ppm, chi phi mdi lit 1a 0,029 USD/lit; nghién ctru
khir man bang NLMT str dung vat liéu chuyén pha va bom chan khong, két qua cho thay vai biic xa tir
312,5 W/m? - 925 W/m?, ning suat chung cét dat 1,5 - 2,2 lit/ngay véi dién tich 0,54 m?[19].

Két qua tong quan cho thiy NLMT c6 tiém ning 16n dé chung cat nudce, v6i diéu kién khi hau & phia
Nam ctia Viét Nam c6 cuong do burc xa mat troi 16n, nén nghién ctru thiét ké, ché tao thiét bi chung cAt
nuéce sit dung NLMT nham huéng dén cung cap nudc ngot cho viing bi xAm nhap mén 1a rat can thiét.

2. Phwong phap nghién ciru
2.1. Péi twong va pham vi nghién ciru
Dbi tugng nghién ciru 1a thiét bi chung cit nude sir dung NLMT.

Pham vi nghién ciru: nhiét do 1am viéc tir 50 + 80°C, ning suat 0,5 +1 lit/h, nude bién c6 d6 min tir
30 + 35 %o, nudc ngot san xuat ra d€ tudi tiéu c6 do man < 0,5 %eo.

2.2. Phwong phap nghién ciru
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Dé ¢6 co so thiét ké, nhém nghién ctru tién hanh nghién ciru tong quan vé cac nghién clru cia cac
nha khoa hoc trong va ngoai nuéc vé thiét bi chung cat nude, dic biét 1a phuong phap phun st dung
nang luong mat troi. Tur d6, chon dang thiét bi phu hop dé tién hanh tinh toan thiét ké Van dung co s&
ly thuyet vé truyén nhiét va thiét bi trao d6i dé thuc hién tinh toan thlet ké. Sau d6 tién hanh gia cong,
ché tao, lap dit va van hanh hé thong dé danh gia kha nang chung cét. Cu thé nhu sau:

2.2.1. Phirong phdp nghién cieu Iy thuyét:

+ Nghién ctru tong quan cac nghién clru trong va ngoai nudc, thu thap cac s6 liu can thiét chuan bj
cho tinh toan va thiét ké nhu veé blrc xa mat troi, do man cua nudce bién, cac chi tidu vé nudc ngot st
dung dé tui tiéu, cac thong sd anh huéng dén qua trinh gia nhiét, phun bay hoi, ngung tu.

+ Tinh toan can bang vat chit va ning luong cho hé thong:
- Tinh nhiét luong:
Q=VpCpy(t2-t), kJ (1)

Trong do: V 1a thé tich (lit), p 1a khéi lugng riéng (kg/m?3), C, 1a nhiét dung riéng (kJ/kgK), ti 1a nhiét do
ban dau (°C), t, la nhiét d6 sau gia nhiét (°C),
- Tinh dién tich trao ddi nhiét: xac dinh d6 chénh 1éch nhiét do trung binh logarit:

Atmax - Atmin

Aty =
= gy @)
tmin
Tir phwong trinh truyén nhiét:
Q, =k.F.At (3)
Tinh dién tich trao d6i nhiét:
Qyn 2
“at @
A,

- Tinh nhiét lugng can ldy di dé hoi ngung tu nude:
Q=G (ix-1) (5)
Trong d6: Gy 1a luu lugng nudc ra (kg/s), ix 1a entanpy ctia hoi am, i’ 12 entanpi ciia nudc (kJ/kg).

- Tinh chon bom:
Cong suét ciia bom dugc tinh theo cong thc:

N, = GAp RYY
pn
Trong d6: G - 13 luu luong khéi lwong chat long (kg/s), Ap - 1a téng tro luc trén duong 6ng (Pa), p- 1a
khéi lugng riéng (kg/m?), 1 - 1 hiéu suat cia bom, Ny - 1a cong suat bom (W)
- Tinh tong tré lyc duong éng (Ap):
Ap = Apm + Apc (7)
+ Ton that 4p suat do ma sét (Apm ) dugc tinh:

(6)

_aL,e (8)
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Trong d6: A- 1a h¢ s6 ma sét, d -1a duong kinh trong cia 6ng (m), L - Ia chiéu dai cia ong (m), o -
toc do nude trong duong ong (m/s)
+ Tinh ton that 4p suit do cuc bo (Apc) duoc tinh:

2
= gp“’? )
Trong d6: ¢ - 1a hé s6 ton that ap suat cuc bo.

Dua trén cac két qua da tinh toan, tién hanh thiét ké hé thong thiét bi chung cAt nudc bang phuong
phéap phun stt dung NLMT. Hoan thién ban v& thiét ké md hinh hé thong thiét bi.

2.2.2. Phuong phap nghién curu thuc nghiém:

Gia cong, lap dit h¢ thong ‘thiét bi san xuét nudc ngot bang phuong phap phun sir dung NLMT. Vén
hanh thtr nghiém h¢ thong, dicu chinh céc thong so ky thuét thict bi thich hop dé dam qua hiéu qua cao
nhat.

3. Két qua va ban luin
3.1. Két qud phén tich chon so do nguyén Iy hé thong

Tir tong quan cc nghién ctru trong va ngoai nudc, dac biét 1a nghién ctru [18], nhom tac gia dé xuat
so dd nguyén ly thiét bi chung cit nuéc str dung NLMT nhu Hinh 1. Nuéc duge sir dung nhu chat tai
nhiét, tuan hoan khép kin nhan nhiét tir tim thu NLMT (2) va gia nhiét cho nuéc min tai binh gia nhiét
(4). Tai day, nuoc man dugc gia nhiét nong 1én va duge bom phun (6) phun dang swong vao budng phun
(10), mot phan nudc bay hoi Ién trén, ¢6 dan 6 ong ngung tu (13) lam mat, hoi nuéc ngung ty va chuyen
thanh 16ng chay xudng binh chira nudc ngot (11), phan nuée man chua bay hoi duge tuan hoan vé lai
binh gia nhi¢t (4) hodc x4 ra ngoai khi nong do mudi cao. Van (a) dé diéu chinh luong nudc lam mat
cho dan ngung tu dng xo0én (13) va 4o nudc lam mat.

12

3 % “
e 14 13
4 ﬂ
// l()
/ a
4
5 .
, 6 1
e -

Hinh 1. So' @6 nguyén Iy thiét bi chung cdt nwée sir dung nang hrong mdt troi.
3.2. Két qud phan tich chon so do nguyén Iy hé thong
3.2.1. Tinh chon kich thuéc cho buong phun
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Trén co so khao sat hinh dang cua nude sau khi dugc phun ra khoi voi phun va tham khao mo hinh
thiét bi [18], nhom tac gia da chon két cau va kich thudc cia buong phun nhu thé hién ¢ Hinh 2.

= Nép budng phun Ky higu Chi thich:
o —————— | Buong phun (Inox 304 -1.2mm)
34 ~ 816 34 Buong ngung ty am (Inox 304 -1.2mm)
S— T ———— | Buong lam mat (Ao nuéc) (Inox 304 -1,2mm)
] Ao nurde lam mat Nip thiét bj (Inox 304 -1.2mm)
Vi tri khoan 16 = Bllfing ngung
¢ =12mm ty am
1 X S ST e, 48
. Buong phun ; s e
= E — ; _&CLmszhQanlnj
@2 S / - \
O | Inox 304 - ? . N
[ —T déyl,fl 2mm /N \\ \\
\ | b ® )
‘ 408 332 | 1
2 \ /
—~ A
; H . Ssee =
i trikhoan1d ~  Vitrikhoanls / gég
¢ =22mm ¢ =22mm
Mat chiéu canh Mat chic¢u bang

Hinh 2. Buéng phun.
3.2.2. Tinh toan thiét ké binh gia nhiét

Nudc néong vao Nudc ndéng ra

_/ _/ Nit6ic bidn vio

vy
o0
N ipme—— T
V6 nhya PPR
day 3mm
§ g Ong xo0in @21
Nudc bién ra
&
210

Hinh 3. Binh gia nhiét.

- Xéc dinh luu lwong nudc bién can cap vao budng phun: tir ning sudt san xuat nudc ngot du kién
Gr = 1,0 lit/h va tir thir nghiém cho thay, khi phun nudc bién ¢ nhiét do t = 70°C, ap suat phun p
= 3,5 bar, ¢0 ti 1& nudce bay hoi trung binh n =2,65%. Tinh dugc luu lugng nude bién can cép: Gy
=1,0x100/2,65 = 38 lit/h. Pé dap tmg dugc lugng nudc ngot san xut ra thi luu lugng nude bién
cip vao Gy > 38 lit/h.

- Xac dinh dung tich binh gia nhiét: theo so 6 & Hinh 1, nudc bién sau khi phun, mot phan bay hoi
va phan con lai s& tudn hoan vé lai binh gia nhiét. D& dam bao nudc bién cip vao budng phun
dugc lién tuc va nhiét do 6n dinh. Chon dung tich binh gia nhiét 1a Vg = 15 lit.
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Tinh nhiét luong can cap cho binh gia nhiét: tinh theo cng thic (1) véi Vg = 15 lit = 15 x 107
m?3, t1 = 30°C, t2 = 80°C, Cy nucc bién = 3,343 kJ/kgK, pnp = 1050 kg/m?, thoi gian gia nhiét duy kién
la Tgn =30 phﬁt Tinh dugc an = 2632 (kJ)

_Q, 2632
MM g, 30.60

an
Chon tim thu NLMT: khu vic Nha Trang c¢6 cuong d birc xa dao dong tir E = 800-1100 W/m?,
chon cuong do buc xa trung binh E = 1000 W/m?, chon tam thu NLMT c6 dién tich 14 2 m2. Cong
sut gia nhiét thuc té cua thiét bi 1a Qg = Pnuwr = E.F = 1000.2 = 2000 W.
Tinh dién tich trao déi nhiat: tinh theo cong thic (2), véi Qgn = Puuwr = EXF = 1000x2 = 2000 W,
t,= 75°C, t= 80°C, tam= 60°C, tam= 70°C. Tinh dugc F = 0,48m2 Chon binh trao déi nhiét dang
dng xo4n, bang vat liéu titan ¢6 d = 0,021 m, | = 7,3 m, thé hién ¢ Hinh 3.

Tinh c6ng suat thiét bi thu NLMT: P —— =146 kW

3.2.3. Tinh thiét ké bé ngung tu

Thiét bj ngung tu gém 02 phén (1) phan ngung tu dang 6ng xo0én, (2) phan ngu’ng tu dang 4o nudc.
Tinh nhiét luvong can 1ay di dé hoi nudc ngung tu thanh long theo cong thirc (3) voi 1” =293 kl/kg, ix =
355 kJ/kg, tinh dugc Qk = 0,5 KW. Do hoi bay 1én 01 phan tiép xtic voi dan 6 ong xodn va 01 phan tiép
xuc voi 40 nude xung quanh. Nén nhiét lwong can ldy di duoc chia thanh 02 ngudn: Qi 12 nhiét luong
dugc iy di boi dan dng xodn, Qk. 13 nhiét lwong duoc 14y di boi 40 nudce. Gid sir Qi = Qe = Qu/2 =
0,25 kW.

Tinh dién tich trao d6i nhiét ciia phan ngung tu dang 6ng xodn, 1am bang vt liéu inox 304 theo
cong thirc (2) voi ty = 30°C, t = 40°C, typ = ZOOC, Kox= 100 W/m?K.. Tinh dugc Fox = 0,07 m2.
Chon 6ng duong kinh dox = 6 mm, lox =5 m, thé hién & Hinh 4.

510
460
380
330
280
230
180
- 130
B0

Ong inox 304 - g6mm- day 2,0mm
Hinh 4. B ngung tu 6ng xodn.
Tinh dién tich trao d6i nhiét ctia phan ngung tu 4o nudce, dang dng 106ng dng theo cong thic (2)
v6i ty = 30°C, tyr = 40°C, typ = 70°C, tinh dén dnh huong ctia mang nude ngung tu va cau cin nén
lay Kan= 50 W/m?K. Tinh dugc dién tich trao doi nhiét cua bo ngung tu dang a0 nuéc 12 0,14 m?.
Chon 40 nudc cé chiéu cao h = 0,53 m, dwong kinh d = 0,48 m.

3.2.4. Tinh toan thay luc dwong ong va chon bom

+ Tro khang ma sat (Apm) duoc tinh theo céng thirc (6), véid =0,02m,L=3m, o =1,0 m/s.
Thong sb vat ly cia nude mudi: khdi lugng riéng trung binh p = 1050 kg/md, nhiét dung riéng C, =
3,843 ki/kg.K, hé s dan nhiét A= 0,593 W/mK, d6 nhét v = 1,03x10® m?/s.

JTE, Volume 21, Issue 01(V), 02/2026 19



JTE TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Cong nghé Ky thuat Thanh pho Ho6 Chi Minh

Website: https:/jte.edu.vn

ISSN: 1859-1272 Email: jte@hcmute.edu.vn

HCM-UTE

wxd

Tinh Reynolds (Rer) : Rey = =19417 > 10*, nudc chay rdi trong ong.

\4

Tinh hé s6 ma sat 4 khi Rer> 1x10* , A = !

(1,821gRef—1,64)? =0,026

Tinh duoc tré khang ma sat Apn = 2047 Pa.

+ Tinh tro khang cuc bo (Ape) dugc tinh theo cong thirc (7), voi & 12 hé s6 tro khang cuc bo, gom:
hé so tro khang tai cho vao ¢, =1,5 ; hé so tré khang tai co 90° &, =3 x 0,5 =1,5; hé so tré khang
tai cho ra (voi phun): & = 6,0 ; hé so tro khang quavan §=1x6=6,0;

Tong hé sb tro khang cuc bo: ¢ = 15.

Tinh dugc tré khang cuc bo: Ap.= 7875 Pa.

Tong tro luc qua thiét bi: Ap= Apm + Apc= 9922 Pa.

Chon hiéu suét ciia bom la 7 = 0,65, tinh duoc céng suat bom: N, = % = 0,116 kW.

Chon bom phun dang bom ly tim dé bom nudc néng, hing san xuit Rheken - Nhat Ban, cong sut
200 W, cdt ap toi da 25 m. Tinh toan tuong ty d€ chon bom tuan hoan nudc néng.

3.2.5. Thiét ké khung d&

Tirso do ¢ Hinh 1, khung d& dugc thiét ké dua theo kich thudc ciia cac thiét bi: binh gia nhiét, budng
phun, binh chira nu6c bién vao, binh chira nu6e sau chung cat. Thiét bi chung cat nuéce bang phuong
phéap phun st dung NLMT dugc tinh toan thiét ke, ché tao va lap dat hoan chinh thé hién ¢ Hinh 5.

Tam thu NLMT

/|Binh gia
nhiét

Hinh 5. Thiét bi chung cdt mede bang phwong phdp phun sir dung NLMT.

Két qua thir nghiém cho thay, trung binh trong khoang thoi gian tir 8 gio —16 gio, cuong do birc xa
do duoc tir 300 — 1200 W/m?, 4p suat phun p = 3bar, lugng nudce ngot thu duge tir 0,5 - 1,12 lit/h, lugng
dién tiéu thu trung binh 0,433 kWh/lit. Két qua nay tuong dong vdi két qua nghién ciru thé hién ¢ [16]
va [19].

4. Két luan

Thiét bi chung cit nu6e bang phuong phap phun sir dung NLMT dé gia nhiét nudc bién va thu nhan
nudc ngot da duoc thiét ké, ché tao va thir nghiém. Thiét bi gém tdm thu NLMT ¢6 dién tich 2 m?, binh
gia nhiét c6 dung tich 15 lit, budng phun c6 kich thude D x H = 52 x 65¢m, ap sudt phun p = 3bar, bo
ngung tu dang dng xodn c¢6 duong kinh d = 6mm, 1 = 5m. Két qua thir nghiém cho thiy trong khoang
thoi gian tr 8 gid —16 gid, cudng do birc xa do duoc tir 300 — 1200 W/m?, thu duge luong nudce ngot tir
0,5 - 1,12 lit/h, lugng dién ti€u thy trung binh 0,433 kWh/lit.

Loi cam on
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