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Tém tit — Ngay nay, da sé vin phong lam viéc déu sir dung may diéu hoa khong khi dé tao cam
giac thoai mai cho nguoi lam viée. Mot s van phong thuong dugc thiét ké voi mot sé mat 1a kinh va
cac mat con lai giap vai nhiing toa nha khac, vi vay lugng nhiét birc xa mat troi, lugng nhiét tda ra tir co
thé ngudi, cac thiét bi van phong (méy tinh, tii lanh,...) ma van phong nhan dugc 1a twong ddi 16n. Theo
tiéu chuén Viét Nam, qué trinh thiét ké hé thong thong gi6 diéu hoa khong khi phai dam bao cac thong
s6 cua khong khi trong khong gian van phong théa man tién nghi v¢ nhiét, do am, van toe gio, luu
lwong gié tuoi cap vao,... Bai toan ndy hoan toan c6 thé dwoc giai quyét nhd sy ra doi cua phuong phap
tinh toan dong luc hoc luu chat (CFD), duoc xem la “phuong phap thir ba” trong dong luc hoc luu chét.
Trong nghién ctru nay, phuong phap CFD dugc tmg dung dé phan tich hiéu qua trao dbi nhiét do -
khong khi trong van phong lam viéc.

Abstract — Nowadays, most offices use air conditioning to create a comfortable feeling for
workers. Some offices are often designed with some glass sides and the remaining sides adjacent to
other buildings, so the amount of solar radiation heat, the amount of heat emitted from the human body,
office equipment (computers, refrigerators, etc.) that the office receives is relatively large. According to
Vietnamese standards, the design process of air conditioning ventilation systems must ensure that the
air parameters in the office space satisfy the comfort of temperature, humidity, wind speed, fresh air
flow, etc. This problem can be completely solved thanks to the advent of the computational fluid
dynamics (CFD) method, considered the "third method" in fluid dynamics. In this study, the CFD

method is applied to analyze the efficiency of heat exchange - air in the office.

Tir khéa — Thong gio, dong luc hoc luu chat, tuong tac luu chat, Ventilation, fluid dynamics, fluid

interaction.

1. Sw cén thiét caa dé tai

Thong gi6 1a qua trinh thay d6i hodc thay
thé khong khi trong bat ky khong gian nao dé
cung cap khong khi chat luong cao bén trong
(tirc 12 dé kiém soat nhiét do, bo sung oxy,
hodc loai bé hoi 4m, mui héi, khoi, hoi nong,
bui, vi khuan trong khong khi va cacbon
dioxit). Hé thdng thong gi6 dugc st dung dé
loai bé nhimg mui khé chiu va hoi am qua
murc, dua khong khi & bén ngoai vao, duy tri
su luu thong khong khi trong céc tda nha, va
dé ngan chan tinh trang tri tré ciia khong khi
bén trong.

Viéc thong gié doc lap, truc tiép vao
phong khong théng qua hé thong diéu hoa
khong khi ¢6 nhugc diém 1a truong nhiét do
khong khi vao phong va phan bd khi twoi

khong déu. Trong truong hop cép gi6 tuoi
thuc hién thong qua hé thong diéu hoa khong
khi, gi6 tuoi s& hoa tron véi gié hdi va cap
vao phong nén phan bb déu va tranh 1am thay
do6i truong nhiét do trong phong. Trong cac
hé théng nay khi tuoi dugc dua tryc tiép hodc
hoa trén voi khong khi tuan hoan sau d6 dua
dén TU dé lam lanh (hodc gia nhiét) réi méi
cap vao phong, theo so d6 thing, so dd tuan
hoan mot cp hodc hai cap.

Ngay nay, nganh cong ngh¢ may tinh
phat trién ngay cang nhanh, may tinh ngay
cang co cAu hinh manh tao diéu kién thuan
loi dé ung dung cac chuong trinh tinh toan
hién dai vao dé phan tich cac bai toan ky
thuat phuc tap nhu céc bai toan da moéi
truong.
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Hinh 1. Minh hoa khong gian lam viéc trong van phong

Nguyén Anh Tuidn (2018) da s dung
phuong phap CFD dé nghién ciru, tinh toan
va md phong dong khong khi luu thong trong
can ho chung cu nhim danh gia kha ning
thong gi6 cho cdn ho.

Cao Qubc Bao (2019) di s dung
phuong phap CFD dé nghién ciru, tinh toan
va mo phong dong lwu chat trong phong phau
thuat. Két qua dat duoc ciia nghién ctru cho
thiy phuong phap CFD rat phu hop véi cac
bai toan phan tich cip doi nhiét - luu chat
trong cac moi truong kin. Cac tac gia trén da
nghién ctru danh gid mac do thoai mai trong

khong gian, sau d6 cai thién bang cach tai
thiet ké va lap dat h¢ thong thong gié. Nhung
chua nghién ctru vé khong gian c6 may lanh.

2. P6i twong va pham vi nghién ciru

Nghién clru tdp trung mo phong truong
nhiét do, truong van téc dong khong khi
trong khong gian van phong dugc md ta nhu
Hinh 2. Cac ngudn nhiét trong mo hinh bao
gém blirc xa nhiét tai cac vach co cua s,
nhiét do toa ra tir co thé ngudi, may tinh
trong van phong. Trong khong gian van
phong ¢6 bd tri 1 may diéu hoa khong khi
(return vent).

TR _R:Ium Went

Hinh 1. M6 hinh tinh todn

3. Két qua nghién ciru
3.1. Bai todn 1

Bai toan duogc thuc hién dua trén mo
hinh thi nghiém “Evaluation of thermal

environment by coupling CFD analysis and
wireless sensor measurements of a full-scale
room with cooling system” cia nhém nghién
ctru Xiaofang Shan, Wei Xu, Yi-Kuen Lee,
Wei-Zhen Lu [8]. Bai todn md phdéng vian
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phong lam viéc véi cac ngudn nhiét tir may
tinh, con nguoi, dén,... Bai toan st dung mo
hinh chay réi RNG k-¢ [7]. M6 hinh thé tich
hitu han cta bai toan dugc mo hinh bé‘mg ba

loai phan tir Tetrahedral 10 nat, Wedge 15
nat va Pyramidal 13 nat nhu Hinh 3. Diéu
kién bién cua bai toan dugc trinh bay trong
Bang 1.

Hinh 3. M6 hinh thé tich hivu han

Bing 1. Thong sé diéu kién bién

Thanh phin Loai diéu kién bién Théng s6
Inlet Inlet 0.3 m’/s
Return Vent Outlet 0 Pa
Exhaust Vent Opening 0 Pa; 33 °C
Window Wall 20 W/m?
Door Wall 20 W/m?
External wall Wall 20 W/m?
Internal walls Wall 10 W/m?
Computers Wall 100 W/each
Humans Wall 75 W/person
Lamps Wall 35W/each

Gia tri van tdc va nhiét do dong khong
khi lanh duoc do tai mot sb vi tri c6 do cao
cu thé dugc trinh bay trong Bang 2 va 3. Cac
két qua do duoc tir md phong ciing duoc so
sanh voi két qua thi nghiém trong bai bao [8].

Két qua vé van toc dong khong khi lanh
c6 sy sai khac twong ddi so v6i két qua thi
nghiém, dac biét 1a tai cac vi tri & do cao thép
nhat va cao nhat. Két qua vé nhiét d6 dong
khong khi lanh tai cac diém do rat sat véi két
qua thi nghiém.

Bing 2. Két qud vin téc mé phong va thwe nghiém ciia dong khéong khi lanh trong vin phong

S6 Vi tri Do cao Vién toc mé phong Vin tdc thi nghiém Sai s6
thir tw (m) (m/s) (m/s)
1 A 0.05 0.6586 0.61 7.97%
2 A 1 0.1502 0.14 7.29%
3 A 2 0.2011 0.18 11.72%
4 A 2.5 0.2441 0.2 22.05%
5 B 0.05 0.1006 0.08 25.75%
6 B 1 0.0205 0.02 2.50%
7 B 2 0.2502 0.28 10.64%
8 B 2.5 0.3018 0.31 2.65%
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9 C 2 0.3256 0.35 6.97%
10 C 2.5 0.1331 0.12 10.92%
11 D 0.05 0.0833 0.1 16.70%
12 D 1 0.2281 0.21 8.62%
13 D 2 0.6406 0.58 10.45%
14 D 2.5 0.9639 1.02 5.50%
Bing 3. So sdnh két qua nhigt dp mé phéng va thuc nghiém
S6 thir | Vi tri P§ cao Nhiét do mo phong Nhiét do thi nghiém Sai 56
tw (m) X) K)
1 A 0.05 295.863 295.2 0.22%
2 A 1 296.231 295.8 0.15%
3 A 2 296.1 295.9 0.07%
4 A 2.5 296.149 296.1 0.02%
5 B 0.05 297.778 297.5 0.09%
6 B 1 298.182 298 0.06%
7 B 2 297.954 296.9 0.36%
8 B 2.5 296.455 296 0.15%
9 C 2 297.195 297.1 0.03%
10 C 2.5 296.813 296.2 0.21%
11 D 0.05 297.503 297.2 0.10%
12 D 1 298.431 298 0.14%
13 D 2 295.813 295.6 0.07%
14 D 2.5 294.998 293.8 0.41%

Pé danh gid mirc d6 thoai mai cua con
nguoi trong khong gian van phong, nhom
nghién ctru tién hanh khao sat van toc va
nhiét d6 tai 15 diém bat ki xung quanh vi tri

ngudi ngdi nhu Hinh 4. Nhiét d6 trung binh

phong Ta =297,599 °K.

Hinh 4. Toa dj cdc diém xung quanh ngwoi ngéi

Léy cac két qua vé van tdc va nhiét do tai
15 diém mau trén. Sau do tién hanh tinh toan duoc chon ngau nhién (3,4,5,10,11) khong
chi s6 EDT va danh gia két qua va so sanh dat duogc gia tri vé do thoai mai. Chi sé ADPI
v6i tiéu chuan vé sy thoai mai trong phong:

{

Van téc < 0.35m/s
~1,7K < 6 (EDT) < 1,1K

Két qua chi s6 APDI:

Duya vao Bang 4, ta thu dugc 5 diém

13 66,67% bé hon tiéu chuén 1a 80%, nén mo
hinh chua dat chat lugng vé su thoai mai. Cac
diém khong dat tiéu chuan thoai mai hau hét
1a do van toc 16n hon 0,35 m/s.
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Bidng 4. Két qud vin téc, nhiét dp va chi sé EDT tai cic diém ld’y méu

Piém Nhiét 6 (K) Vién toc 0 (EDT) Panh gia
1 297.115 0.1054 -0.1272 Dat
2 297.349 0.0374 0.6508 Dat
3 296.195 0.5648 -4.7224 Khéng dat
4 295.489 0.5353 -5.1924 Khéng dat
5 295.266 1.0471 -9.5098 Khong dat
6 297.248 0.1607 -0.4366 Dat
7 296.776 0.2179 -1.3662 Pat
8 296.644 0.0735 -0.343 Dat
9 296.929 0.1985 -1.058 Dat
10 295.588 0.6811 -6.2598 Khong dat
11 295.682 0.4978 -4.6994 Khong dat
12 296.512 0.0709 -0.4542 Dat
13 296.813 0.2169 -1.3212 Dat
14 296.429 0.1747 -1.3676 Dat
15 296.709 0.1781 -1.1148 Pat

3.2. Bai todn 2

Tir bai toan 1 ta nhan thay tdc do gio 1a
yéu t& chu yéu anh huéng dén chi sé6 EDT,
bai toan 2 s& duoc thiét lap dua trén mo hinh
bai toan 1. Thiét 1ap bai toan trén phan mém
Ansys CFX tuong tu bai toan 1. Pugc thuc
hién theo ba trudng hop khac nhau vé thong
s6 dau vao cua may lanh (vén tdc, nhiét do),
cu thé s& giam van tbc & miéng thoi. Tur do

danh gia muc do thodi mai ciia moi trudong
bén trong tung truong hop.

Ngoai ra, dua vao véan tdc trung binh cua
16 thoat khi dé tinh ra chi s6 ACH, danh gia
theo tiéu chuan ASHRAE 62-2001 [3]. Piéu
kién bién duoc thiét 1ap twong ty bai toan 1,
chi thay doi dau thoi ra cia may lanh (Inlet)
theo 3 truong hgp nhu Bang 5.

Bing 5. Ba truong hop diéu kién bién Inlet ciia bai todn 2

Trwong hop 1 Truwong hop 2 Trwong hop 3
Van toc (m/s) 2.38 2.48 2.57
Nhiét do (°C) 16.5 16.5 16.5

Nhoém ciing khao sat van toc va nhiét do
tai 15 diém c6 toa d§ tuong tu bai todn 1 dé

tinh toan chi s6 EDT tai cac diém nay. Nhiét
dd trung binh phong Ta = 297,599 °K.

Bdng 6. Két qua danh gid APDI ciia ba truwong hop

Truwong hop 1 Truwong hop 2 Trwong hop 3
APDI (%) 53.33 86.67 60
banh gia Khong dat Dat Khong dat

Két qua ADPI cia trudng hop 2 1a cao
nhit (86,67%) va truong hop 1 1a thap nhat
(53,33%). Trong ba truong hop chi c6 truong
hop 2 1a dat.

Tir hinh anh két qua cua ba trudng hop,
tac gid nhan thay khi tang van toc dau ra cta

b cép khi s& 1am cho vén toc luu thong trong
phong cao (vuot qua 0,35 m/s), nhi¢t d§ s&€
dugc phan bd déu hon, it ¢6 su chénh léch
v6i nhiét d6 trung binh phong va nguogc lai
khi giam vén tdc.
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4. Két luan

Trong nghién ctru nay, nhom tac gia da
ung dung thanh cong chuong trinh ANSYS
CFX trong viéc md phong huéng chuyén
dong, van tdc, phan bd nhiét d6 cua dong khi
bén trong mdi trudng vin phong co lip dit
may lanh. Két qua thu dugc kha tin cdy vi
phan mo phong c6 so sanh véi két qua thuc
nghiém duoc ding trong bai bao quéc té.

Néu c6 diéu kién, nhom nghién ctru s€
tiép tuc tinh toan thém nhiéu truong hop dé
tim ra duoc khoang thong sb ciia bo cung cip
khi phti hop v6i md hinh theo dénh gi4 chi s6
ADPI va tiéu chuan ASHRAE vé s lan trao
d6i khi v6i moi trudng bén ngoai. Pong thoi
vé chi s6 ADPI sé& tién hanh ldy nhiéu diém
ngau nhién hon dé dua ra két qua cang cu thé,
tiém can nhat véi thuc té. CO thé s& xét thém
vé d6 am khong khi va ap suat anh hudng
dén su thoai mai.
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