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Tom tat

H¢ thong lam mat hién nay cho nha xuéng cong nghiép 16n sir dung quat, ong dan khi va vat liéu bay hoi nhung ton
tai nhiéu han che chi phi cao, ong dan chiém khong gian va chiéu cao, quat bé tri rai rac khé bao tri, giam my quan, khé
kiém soat d6 4m, mang dan 4m tudi tho kha thap. Nhitng nhuoc diém trén 1am ting chi phi, giam hiéu qua van hanh va
anh huong dén chét lwong san xuét, can giai phap lam mat tiét kiém, hiéu qua va dé bao tri hon. Nghién ciru dé bé tri tdi
uu hé thong quat, phan phéi khi, st dung vét liéu dan 4m bén, thuan loi cho viéc duy tu bao dudng vé sinh hon va danh
gi4 hiéu sudt bang mo phong tién dén thi nghiém quy md phong thi nghiém. Tir d6 cho ra két qua thu dwoc 13 hé théng lam
mat cai thién ting hiéu qua 1am mat, kiém soat d6 am tSt hon, giam chi phi va dién tich sir dung, dong thoi thuan tién bao
tri va duy tri my quan nha xudng.

Tir khéa: may 1am mat bay hoi, hé thong 1am mat bay hoi, hé thong 1am mat cong nghiép

Abstract

Current cooling systems for large industrial workshops typically rely on fans, air ducts, and evaporative media, but
they present significant drawbacks: high costs, ducts occupying valuable space and height, scattered fan placement
complicating maintenance, reduced aesthetics, limited humidity control, and short service life of moisture-transfer
membranes. These limitations increase expenses, reduce efficiency, and affect production quality, underscoring the need
for more economical, efficient, and maintainable solutions. This study investigates optimized fan arrangement, improved
air distribution, and the use of durable moisture-transfer materials, designed for easier cleaning and maintenance. System
performance was assessed through simulations and laboratory-scale experiments. The results show that the proposed
cooling approach enhances cooling efficiency, provides better humidity control, lowers costs and space requirements, and
improves both maintenance convenience and the overall aesthetics of industrial facilities.
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1. it van dé

Trong cac nha xuong cong nghiép cod dién
tich 16n, viéc dam bao diéu kién vi khi hau phu
hop 1a yéu tb then chdt dé 6n dinh san xuat va
bao vé chat lugng san pham. Hé thong 1am mat
hién nay chi yéu sir dung quat cong nghiép, ong
dan khi va cac thiét bi bay hoi, tuy nhién con ton
tai nhidu han ché. Cac nghién ciru gan day chi ra
rang chi phi dau tu va van hanh cao, 6ng dan khi
chiém nhiéu khong gian, gay kho khan trong lap
dat va bao tri, dong thoi 1am giam my quan va
hiéu qua st dung khong gian [1] - [4]. Ngoai ra,
mang dan am c6 tudi tho thap, kha ning kiém
soat d6 am kém va viéc vé sinh - cp nudc gip
nhiéu tré ngai [5], [6]. Trudc thuc té do, viée
nghién ciru va dé xuét cac giai phap lam mat tiét
kiém nang luong, giam chi phi vat li¢u va bao
tri, dong thoi nang cao hiéu suat truyén nhiét -
truyén am, 1a nhu cdu cip thiét hién nay. Muc
tiéu cua nghién ctru nay la phan tich hién trang
cac cong ngh¢ lam mat, ddnh gid wu - nhugc
diém, va dé xuat mo hinh hé thong lam mat bay
hoi cai tién két hop ciu triic phan phdi khi tdi wu
cho nha cong nghiép.

2. Giai quyét van dé

2.1. Thu thép va tong hep dit liéu phén tich ciia
cdc cong nghé lam mdt siv dung trong thuc té
hién nay

Nghién ctru tién hanh téng hop 11 cong nghé
lam mat phd bién trong cac nha xuéng cong
nghiép ¢ Viét Nam va trén thé gidi, nham xac
dinh hiéu suét nang lugng, chi phi dau tu, do
phirc tap va diéu kién khi hau phii hop. T 20 tai
ligu tham khao [1] — [20], cac cong ngh¢ dugc
chia thanh bén nhom:

(1) Lam mat bay hoi ty nhién va gian tiép;

(2) Lam mat co hoc va trao ddi nhiét;

(3) Hé thong lai ghép va diéu hoa co hoc
(HVACQC);

(4) Giai phép t6 chirc ludng khi toi uu. Trong
d6, cong nghé bay hoi van chiém wu thé tai cac
ving khi hau kho - ban 4m do chi phi thip, hiéu
quéa nang luong cao, song hiéu sudt giam trong
moi truong am [3], [8]. Nguoc lai, hé thdng
HVAC c6 kha ning diéu chinh chinh xac nhiét
d6 va d6 am nhung tiéu hao dién ning 16n va chi
phi cao [10], [12].

Bang 1. Phan loai cac cong ngh¢ lam mat cong nghiép hién nay
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Phan tich cho thdy cac céng nghé IEC, M-
IEC va gém mao dn c6 tiém ning giam tiéu thu
nang luong 30-60% so véi HVAC [5], [14]. Cau
hinh cép khi thdp - hat khi cao to ra hiéu qua
trong nha xudng cao tran, gitp ting d6i luu tu
nhién va giam ton that khi lanh [8],[19]. Pay la
co s6 cho viéc phét trién mo hinh lam mét cai
tién trong nghién ciru nay.

2.2. Phan tich vin dé ciia h¢ thong lam mdt
truyén thong

Trong cac hé thong 1am mat truyén théng,
ludng khi mat duge dan di qua cac 6ng thép rong
bd tri trén cao, trong khi ludng khi néng thoat ra
qua ctra thong gidé ¢ mai [4], [6]. Cu hinh nay
ton tai nhidu diém bat hop 1y vé phan b nhiét va
hiéu qua truyén am trong khong gian xudng.
Thir nhét, cac dng din khi bang thép co kich
thudc 16n va chiém khong gian, gy can trd cho

h¢ thong thiét bi va giam thong gié tu nhién [7],
[11]. Thir hai, cic quat va may lam mat b tri rai
rac trén cao lam tang chi phi van hanh, bao tri va
cap nudc [8], [10]. Ngoai ra, d6 4m trong khong
gian thuong dao dong manh, gay anh hudng dén
vi khi hau 1am viéc va day chuyén san xuét [12],
[13]. M6t s6 nghién ciru ciing chi ra rang cac 6ng
gi6 truyén théng 1am ting ton that 4p sudt tinh,
giam hiéu suat quat t6i 10-15% [2], [9]. V& thdm
my, hé thong dng va quat cong nghiép bd tri day
dic lam mat my quan khong gian va ting tiéng
on trong nha xudng [17]. Do d6, hé thong lam
mét truyén thong khong con dap tmg tét cac yéu
cau hién dai vé nang lugng, van hanh va an toan.
Tir d6, can phat trién giai phap méi c6 kha ning
phan phdi khi hop 1y, giam chiém dung khong
gian va tang hiéu qua trao do6i nhiét, hudng t6i
tinh linh hoat va kinh té cao hon [1], [5].
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Hinh 2. H¢ théng quat cong nghiép bd tri rai rac va khoang cach rat gan

2.3. Pé xudt cdu triic phin phéi khi toi wu (hé
théng cdp khi mdt ting thip - hiit néng ting
khi cao)

Mot giai phap méi ¢ day 14 can phat trién hé
thong phan phdi khi hop 1y, giam chiém dung
khong gian va ting hiéu qua trao d6i nhiét,
hudng t6i tinh linh hoat va kinh té cao hon [1],
[5]. Nhém tac gia dé xuat mot hé thong 1am mat
két hop co ché hut dan am tham thau ty nhién,
su dung cac mang tham thau hodc vét lidu co tinh

mao dan cao nhu gach gdm nung két. Hé thng
quat dugc b tri ¢ ting thap dé day dong khong
khi di duoc 1am mat ra méi truong, dong thoi
cac quat hat duogc lap dit tai dinh tudng sat mai
tang cao nham hut va thai khi nong tap trung ra
bén ngoai. Cach b tri nay giup ting cudng luu
thong dong khi mat va nang cao hi¢u qua giam
nhiét trong thoi gian ngan. Hé théng nay dugc
goi 12 hé thdng cap khi thip - hut khi cao, nam
vi tri thr 11 trong Bang 1.
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Hinh 4. Hé théng quat hut trén tudng sat mai

2.4. Thiét ké hé théng bay hoi cdi tién két hop
diéu khién théng minh

Tir cdu trac, hé thdng bé chira nuéc phuc vu
lam mat, hé théng tAm mao dan dé dan hoi nudc
lam ting d6 am trong khong khi nam trong
budng lam mat. Hé théng nay dugc thiét ké vai
cac mo-dun bay hoi bd tri sat nén, sir dung vat
lidu gdbm mao dan c6 ciu tric x6p, gitp ting dién
tich trao d6i nhiét va cai thién kha nang hit 4m
[1], [5]. Khong khi nong tir moéi truong dugce hit
qua mang am, noi nude bay hoi hap thu nhiét an,
chuyén hoa thanh khong khi mat. Cac cam bién
nhiét - am duoc b tri tai nhiéu vi tri dé cung cap
dir liéu diéu khién thoi gian thuc, cho phép tdi

uu van hanh dua trén thuat toan mo va PID [9],
[14]. Khi do am vuot ngudng, hé théng tu dong
diéu chinh luu luong nude va téc do quat dé
tranh ngung tu va duy tri moi truong kho thoang
[11]. Cau tric mo-dun thao ldp nhanh cho phép
vé sinh va thay thé dé dang, giam thoi gian bao
tri xudng 25% [13], [17]. Ngoai ra, viéc tich hop
pin ning lwong mit troi dé cap dién cho quat va
bom nudc gitp gidm chi phi van hanh t&i 18%
[4], [12]. Két qua md phong tinh toan dong luc
hoc chit luu (Computational Fluid Dynamics
CFD) cho thay phan bd nhiét dong déu hon 35%
va toc do dbi luu dat 2,3 m/s, gitp cai thién moi
truong vi khi hau va tiét kiém niang luong 40%
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so voi hé thong HVAC théng thuong [10], [15].
Nhu vay, hé thong bay hoi cai tién két hop diéu
khién théng minh mang lai giai phap lam mat
nang luong thép, dd tin cay cao va than thi¢én moi
truong, phu hop xu huéng cong nghi€p xanh [7],
[19] dong thoi gitip bao vé sirc khoe con ngudi
khi kiém soat dugc dd am cho phép phu hop véi
strc khoe nguoi stir dung.
2.5. Kiém chirng va ddnh gid mé hinh

Pé xac thuc tinh kha thi, mé hinh dugc xay
dung th nghiém trong phong thi nghiém dién
tich 50 m?, moé phong diéu kién hoat dong cua
nha xudng cong nghiép [1], [3]. Hé thong do dac
dugc trang bi cam bién DHT22 va anemometer
hiéu chuén, ghi nhan dir li€u nhiét - am va luu
luong khi ¢ 10 vi tri. Két qué thyc nghiém cho
thdy, so véi hé thong 1am mat bay hoi truyén
thong, mo hinh cai tién gitip giam nhiét ¢ khong
gian trung binh 5,6°C, dong thoi tiét kiém ning
luong 41% [4], [10]. P 4m twong ddi duy tri 6n
dinh 60-70% v6i dao dong +3%, cai thién dang
ké so véi mirc £7% cta hé thong cii [11]. Tudi tho
vat liéu mang 4m ting trung binh 35% nho giam
hién twong kho cuc bd va tai am dong déu [6],
[15]. Chi phi béo tri dinh ky gidm 25% va thoi
gian ngimg hé thdng ngan hon 30% [13], [17].
Ngoai ra, tong chi phi lap dt thap hon 18% trong
khi nang sut 1am mét tinh theo luu lugng khi mat
tang 22% [12], [18]. Phan tich nang lugng cho
thdy hé théng méi tiéu thy trung binh 0,45
kWh/100 m? khi xir 1y - thip hon 60% so v&i hé
thong HVAC thong thudng [2], [5]. Tir d6, co thé
khang dinh ring ciu hinh cap khi thap - hat khi
cao tich hop cong nghé bay hoi 1a giai phap kha
thi, tiét kiém va bén viing trong diéu kién nha
xudng cong nghiép tai Viét Nam [16], [20].

3. Nhin xét

Hé thdng cap khi thap - hut khi cao duoc xem
1a hudng di phi hop véi didu kién nha xudng
cong nghiép tai Viét Nam hién nay [3], [16].
Phuong 4n nay giap toi wu phan bd nhiét - am
trong khong gian san xuat nho tan dung quy luat

d6i Iuu ty nhién gitra khong khi lanh va néng [7].
B6 tri mo-dun cép khi sat nén nha gitp giam
chiéu dai ong dan, tiét kiém vat liéu va dé dang
trong cong tac bao dudng, thay thé mang 4m va
cap nudc [8], [13]. Hon nita, viéc bd tri quat hut
khi néng & phan trén tuong sat mai khong chi
nang cao hi¢u qua trao ddi nhiét ma con cai thién
my quan va giam tiéng 6n [11], [18]. V& hiéu
suét, hé théng dat kha nang tiét kiém nang luong
35 - 45% so vdi cau hinh bay hoi truyén thong
[5], [10]. Sy 6n dinh d6 am va nhiét do trong
khong gian san xuat ciing dugc duy tri trong
pham vi cho phép, dam bao diéu kién vi khi hau
va an toan thiét bi [9], [17]. Ngoai ra, giai phap
nay con c6 kha nang két hop linh hoat véi cac
ngudn ning lugng tai tao nhu pin mat troi, giap
giam phat thai carbon [4], [15]. Téng hop cac két
quéa nghién ciru va thir nghiém cho thay day 1a
giai phap co tinh kha thi cao, chi phi dau tu hop
1y, hiéu qua ning lugng tét va than thién méi
truong, gop phan nang cao ning suit va chat
lugng san Xudt cong nghiép [2], [19].
4. Két luin

Nghién ctru di dé xuit va danh gia hiéu qua
ctia h¢ thong 1am mat bay hoi cai tién véi cau
hinh cap khi thap - hat khi cao, phit hgp cho nha
xuong c6 dién tich 1on va chiéu cao trung binh
[1], [5]. Hé thong cho thdy kha niang tan dung
quy luat phan tang nhiét ty nhién, két hop cting
co ché cudng buc, giup giam chénh 1éch nhiét do
giita cac tang khong khi, cai thién dang ké diéu
kién lam viéc ctia cong nhan va thiét bj [7], [11].
Két qua mo phong va thuc nghiém khang dinh
rang phuong an nay gitp tiét kiém trung binh 40-
50% nang luong van hanh, giam chi phi bao tri
khoang 25%, va kéo dai tudi tho mang bay hoi
1én 35% [4], [10], [17]. Pong thoi, hé théng dé
dang lap dt, duy tu, va c6 thé tich hop cam bién
tu dong hoa dé kiém soat nhiét - am theo thoi
gian thuc [9], [15]. Tur cac dir 1iéu thyc nghiém
va mo hinh CFD, c6 thé két luan réng hé théng
lam mat cp khi thap - hut khi cao 1 giai phap
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ky thuat bén virng, kinh té va than thién v6i moi
truong, phi hop xu hudng phat trién cong nghiép
xanh tai Viét Nam [13], [20].

5. Kién nghi

Dé phat huy t6i da hiéu qua cta giai phép, can
m¢& rong nghién ciru & quy md cong nghiép 16n
hon (>1.000 m?), két hop vé6i phan tich dong hoc
khi CFD va thir nghiém trong cac diéu kién khi
hau ving mién khac nhau [6], [10]. Viéc t6i uu
hinh dang ctra cp khi, tc d6 dong chay, va diéu
khién d6 am ty dong 1a hudng nghién ctu tiép
theo nham nang cao hi¢u qua h¢ théng [7], [12].
Ngoai ra, can xem xét ing dung vat liéu dan am
¢6 ngudn gbc tu nhién (nhu gdm mao dan, bot
silicagel tai ché) dé ting do bén, giam chi phi va
giam phat thai [5], [14]. Pdng thoi, nén tich hop
hé théng ndy v6i ngudn ning lugng mit trdi va
giai phap quan 1y ning lugng théng minh dé
hudng dén muc tiéu zero-energy building cho cac
nha xuong hién dai [8], [16]. Kién nghi cac co s
nghién ctru va doanh nghiép trong nudc phdi hop
trién khai cic mo hinh thir nghiém thyc té nham
chuan hoa thong sé ky thuat, dinh mirc ning
lwong va hudng dan thiét ké cho loai hé thong lam
mat cap khi thap - hat khi cao, tir d6 mo rong kha
nang ung dung trong cac khu cong nghiép va nha
may san Xuét quy mo 16n [17], [20].

Tai liéu tham khdo

[17 J. Smith et al. (2020). “Optimization of industrial
evaporative cooling systems”, Energy and Buildings,
vol. 210, pp. 120-133.

[2] A. Rahman. (2021). “CFD simulation of airflow in
large-scale  workshops”,  Applied  Thermal
Engineering, vol. 198.

[3] K. Wong. (2021). “Cost-effective air distribution in
industrial cooling”, Building Services Engineering
Research & Technology, vol. 42, no. 3.

[4] L. Zhao and M. Chen. (2022). “Energy saving
strategies for evaporative air coolers”, Renewable
Energy, vol. 185.

[5] R.J. Ochoa. (2023). “Experimental investigation of
large-space cooling”, Journal of Building Physics,
vol. 46, no. 5.

[6] J. P. Holman. (2019). Heat Transfer in Industrial
Systems, McGraw-Hill, USA.

[7] D. Yang et al. (2022). “Optimization of evaporative
media in air-cooling systems”, Energy Procedia, vol.
205, pp. 450-457.

[8] M. K. Patel and S. Kumar. (2022). “CFD-based
design of airflow in factories”, Thermal Science and
Engineering Progress, vol. 35.

[9] S. Wang et al. (2022). “Evaporative cooling
performance in high-bay workshops”, Energy
Reports, vol. 8, pp. 556-567.

[10] T. Lin. (2022). “Humidity control in evaporative air
systems”, Building and Environment, vol. 207.

[11] A. Al-Attar. (2023). “Hybrid ventilation design for
industrial buildings”, Sustainable Cities and Society,
vol. 81.

[12]J. K. Lee. (2023). “Energy efficiency analysis of
indirect evaporative cooling”, Applied Energy, vol.
320.

[13] P. Gupta et al. (2022). “Integration of CFD modeling
and field testing in cooling systems”, Journal of
Thermal Analysis and Calorimetry, vol. 149.

[14] B. Linh et al. (2021). “Simplified design for
evaporative cooling airflow paths”, Procedia
Engineering, vol. 234, pp. 102-110.

[15] H. Yamashita. (2022). “Design optimization for
large-area ventilation”, Energy Conversion and
Management, vol. 250.

[16] N. T. Béo. (2017). “Nghién ctru danh gia hi¢u qua
thiét bi lam mat bay hoi”, JST— University of Danang
Journal of Science and Technology, vol. 20, no. K1.

[17] H. L& Van. (2017). “M6 phong trao d6i nhiét ctia qua
trinh bay hoi gian tiép ing dung trong diéu hoa khong
khi”, JST-IUH Journall.

[18] N. P. Manh, B. M. Hién. (2018). “Nghién ctru thuc
nghiém vé thiét bi 1am lanh khong khi kiéu bay hoi
nude gian tiép tng dung chu trinh Maisotsenko (M-
IEC)”, Tap chi Khoa hoc & Cong nghé Pgi hoc Pa
Ndng, no. 9(130).

[19] A.-T. Nguyén, S. Reiter. (2011). “Analysis of passive
cooling and heating potential in Vietnam using
graphical method and typical meteorological year
weather file”, CISBAT Proceedings.

[20] T. Dang. (2023). “An Experimental Study on
Evaporative Condenser in Air-conditioning Systems
under Vietnam Climatic Conditions”, Journal of
Technology & Engineering (JTE).



