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ABSTRACT

The Variable Refrigerant Flow (VRF) central air-conditioning system is
widely used in commercial buildings because of its outstanding advantages,
especially the building which has a significant daily variation in cooling
load. When the number of outdoor units in group installation increases, the
coefficient of performance of the VRF system decreases due to the
recirculation phenomenon of hot exhaust air from outdoor units. In this
study, 3D models of outdoor unit group installation on rooftop were built
and studied through Computational Fluid Dynamics (CFD) simulation using
Ansys Fluent. The simulation results show that the air temperature entering
outdoor units in the central region of the group is higher than that in the outer
region. When air guides are installed, the average temperature of the air
entering the outdoor units is reduced by 2.3%, while the maximum
temperature decreased by 4%. This result can be used as the guidance for the
optimization design of group installation for VRF condensers
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TU KHOA

Ung dung mé phoéng sb;

Dicéu hoa khong khi VRF;

Lip dat cum dan nong;
Nhiét d0 vao dan nong;

Ong huéng dong.

TOM TAT

Diéu hoa khong khi trung tim loai VRF ngiy cang dugc sir dung rong rii
trong cac toa nha thwong mai béi vi vu diém ndi bat ctia no, dic biét trong
C4C toa nha c6 tai lanh bién doi rat 16n. Khi sb lwong dan néng dugc lap dat
theo cum ting 1én dan dén hé s6 lam lanh ciia hé thong giam do anh huong
cta dong khong khi néng bi hut trd lai dan nong. Trong nghién ctru ndy, mo
hinh 3D ctia cym dan ndng may lanh VRF lép dat trén san thugng dugc xay
dung va nghién ctru thong qua phuong phap mo phong CFD bang phan mém
Ansys Fluent. Cac két qua md phong chi ra rang nhiét do khong khi vao cac
dan ngung ¢ ving trung tim ting cao so v&i ving bén ngoai. Khi lip ong
hudng dong cho cac dan nong lam nhi¢t 6 trung binh khong khi vao dan
nong giam 2,3%, trong khi d6 nhiét d6 16n nhat giam di 4%. Két qua nghién
clru nay co thé dung dé tham khao cho viéc téi uwu thiét ké lép dat cum dan
nong may lanh loai VRF.
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1. Gigi thiéu

Diéu hoa khong khi cho céc toa nha dan cu hay thuong mai 1a nhu cp thiét yéu trong cudc song hién
dai. Tiéu thy ning luong trong cac toa nha trd thanh dé tai thu hat sy quan tdm trén toan cau do téc do
sir dung ting nhanh chong trong thoi gian qua. Hé thong diéu hoa khong khi Heating, ventilation, and
air conditioning (HVAC) chiém t6i 70% murc tiéu thu ning luong trong cac toa nha [1]. Do d6, nghién
clru nang cao hiéu qua hoat dong ciia hé théng HVAC c6 ¥ nghia dic biét trong viéc tiét kiém ning
luong cua cac toa nha. Tai lanh trong cic toa nha thwong mai hay khach san thay doi rat 1on va khong
6n dinh, dic biét 1a trong thoi gian bi anh hudng cua dai dich COVID-19. Trong truong hop nay, so voi
hé théng diéu hoa khong khi truyen thong hay trung tdm nudc, hé thong diéu hoa khong khi VRF sir
dung moi chét lanh 1am lanh truc tiép c6 nhiéu wu diém céng nghé ndi bat. Hé thong co thé kiém soat
va thay ddi tai cho céc vung diéu hoa doc lap véi chi phi van hanh thap. Bén canh do, viéc lap dat s
lugng 16n dan nong hé thong VREF theo cum s& dan dén lam tang nhiét do ngung tu do khi thai bi hut
hdi vé dan ngung. Hinh 1 mé ta viéc lip dat thuc t& cum dan nong hé théng VRF trén san thuong cta
mot toa nha.

Hinh 1. Ldp dat cum dan nong may lanh loai VRF trén san thuong

Phuong phap nghién ctru hién dai dang dugc cac nha khoa hoc sir dung rong rai dé giai quyét cac
van dé ky thuat phat sinh trong cudc song, dic biét 1a cong cu md phong dong luc chat luu (CFD). Mo
phong CFD gitp rit ngan dang ké thoi gian tir khau xdy dung mo hinh nghién ctru den san pham cudi
cuing cuia mot san phdm cong nghiép hodc tim ra giai phap k¥ thuat thay thé mot cach ti thiéu chi phi.
Thuat todn CFD duoc xay dung c6 do chinh xac cao va duge kiém chimg va dugc tng dung pho bién
trong cac nganh cong nghiép nhu nghién ciru thiét bi trao d6i nhiét, turbine, ning luong tai tao, cong
nghiép xir 1y thép, nghién ctru ning cao gi4 tri gia ting cic san pham noéng nghiép, thong gio va diéu
hoa khdng khi [2-9]. Trong linh vuc diéu hoa khong khi, phuong phap CFD dugc su dung ph bién trén
thé gi6i. Hassan va cong su [10] sir dung cong cu CFD dé phan tich phan b truong van toc, nhiét o va
dong khong khi ciia mot trung tam dir lidu dat tai Pai hoc CQ, Uk. Két qua thu duoc thé hién nhiét do
16n nhat khong khi vao va ra khoi ranh dit liéu lan luot 1a 291K va 304K, dat dugc tiéu chuin ASHRAE.
Nada va Said [11] m6 phong lap ddt 12 dan néng cho 6 tang trong truc thong gi0 gilra cua cac toa nha.
Két qua nghién ctru chi ra rang trong truong hop day cia truc thong gi6 mo dan dén nhiét 6 hat vao
cac dan néng thap hon so v6i truong hop dong. Trong 3 phuong an lip dit dan néng thi phuong an 2 s&
¢6 COP cao nhat. Chow va cong su [12-13] thye hién nghién ciru md phong str dung dan nong diéu hoa
dang 2 mang lap dat trong cac chung cu cao tang & Hong Kong. Dya vao chi s6 hiéu qua nang luong,
ho phat hién ra rang cdu trac thong tang doc truc chung cu hinh chit T ¢ hiéu qua thong gi6 tot nhat,
trong khi dé cdu triic hinh chit I c6 hiéu qua thong gié kém nhat. Zang va cong su [14] md phong lip
dit dan nong hé thong VRF cho toa nha 30 tang. Ho phat hién ra rang voi cach lap dat dan néng cach
tang thi nhiét 46 khong khi trung binh vao cac dan néng giam 22% so véi khi lap dat cac dan nong mdi
téng.

Cum dan néng cua may lanh VRF khi hoat dong s€ lam anh hudng dén nhiét d6 moi trudng xung
quanh ching. Nhiét d¢ méi truong nay cé xu hudng ting nhanh khi s6 lugng dan néng 16n cing hoat
dong dong thoi. Trong nghién ctru nay, cum dan néng cé sb lugng khong qua 16n trén san thugng ciia
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mdt toa nha duoc xdy dung va nghién ciru thong qua phuong phap mé phong CFD nham xac dinh
phuong an bo tri lap dat toi wu.

2. Phwong phap nghién ciru
2.1 Mé hinh vat Iy lip dit cdc dan néng diéu hoa khong khi

Céc dan nong duge bd tri lap dat trén san thuong cia toa nha cao tang. Dé dam bao yéu cau ky thuat
va tinh thAm my khi 1ap dat cum dan nong nay, san thuong duoc xay tuong lan can c6 chiéu cao 3m.
Séan thugng ding cho khu vuc lap dat cum dan nong cé kich thudc thiét ké 1a 15m=10m. Hai md hinh
lap dat cum dan nong duge dé xudt xem xét trong nghién ctru nay nham so sanh hiéu qua lam viéc cua
méy lanh VRF bao gom: mé hinh cum dan nong khong sir dung ong huéng dong, Hinh 2 (a) va lap dat
ong huéng dong, Hinh 2(b). Nhu duoc thé hién trong cac hinh nay, tong s6 dan néng ciia cong trinh 1a
35 dan néng, chung duge bd tri lip dat thanh 4 hang theo chiéu dai ctia san thugng. Phia trén cac dan
nong 1a khong gian md nham dam bao viée thong thoang cho khi nong thoat ra khong gian bén ngoai.

(@) (b)

Hinh 2. M6 hinh vt Iy ldp ddt cum dan néng trén san thuong,

(a) khong c6 ong hudng dong; (b) C6 dng hwéng dong
Céc thong s6 ky thuat ctia dan nong dugc trinh bay trong Bang 1. C6 hai loai dan néng duoc sir dung
trong nghién ctru nay, loai nho c6 1 quat v6i nang suat 39,2 kW trong khi loai 16n hon ¢6 2 quat vdi
nang suat 50,4 kW. Khi & ché dd hoat d@qg cac quat s€ hat khong khi sau khi ra khoi b trao d6i nhiét
de thai ra ngoai mdi truong theo hudng thang ding.
Bang 1. Thong s6 ky thudt dan néng mdy lanh logi VRF [15]

2, S n Kich thudc Ning suit Luu lwgng
So thir tw Ky hi¢u ,
(mm) (kw) (m®/pht)
1 ARUN140LLS5 930x1690x760 39,2 240
2 ARUN180LLSS5 1240x1690x760 50,4 320

2.2. M6 hinh todn hoc mé phéng déng lwe hoc lwu chit
M6 hinh toan hoc tinh toan trong cac mé phong dong luc hoc luu chat 1a tap hop cac phuong trinh
bao toan gom phuong trinh bao toan khoi lugng, bao toan dong lugng va bao toan nang luong [2-3]:
Phuong trinh bao toan khéi lugng:

V-(pi) =0 1)
Phuong trinh bao toan dong luong:
V- (o) = —Vp + V- (u+ ir) [(Vﬁ+VﬁT)—§\7-ﬁ1]+pg )
Phuong trinh bao toan nang lugng:
pc, (- V)T = pq + kV?T + ¢ (3)
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Trong do,
@ = ulVu+ (Vu)T]: Vu (4)
Phuong trinh md hinh dong chay réi k-e:
9 =92 Kr) Ok _
- (plew) = 52| (u+ 22) 2] + G — pe (5)
0 =2 Kr) 9e EG —Con’
2 (peup) = | (1 +2) 22|+ Cre £ 6= Coen ©®)
kZ
pr = pCy— (7
;g 0uj
Gy = —puiuja—xi )
Trong do:

U: vector van toc

T: nhiét do

g: mat dong dong nhiét

p: khéi lugng riéng

Cp: nhiét dung riéng

g: gia tdc trong truong

M: d6 nhét dong luc hoc

k: dong nang rdi (the turbulant kinetic energy)

&: tidu tan nang luong rdi (the turbulent dissipation rate)

Céc hang s6 phuong trinh: C, = 0,09; C; = 1,44; C, =1,92

Luu chit tinh toan trong nghién ctru nay 1a khong khi c6 dong chay r6i. Phuong phap khdi hitu han
dugc str dung dé phan ra h¢ phuong trinh co ban cling nhu hé phuong trinh dong chay roi ap dung cho
luu chat khéng chiu nén va & ché @6 6n dinh. Phan mém Ansys Fluent dugc chon dé thuc hién cac tinh
toan mo phong. Thuat toan SIMPLE dugc chon xac dinh quan hé tuong ho giira ap suat va van toc. Mo
hinh dong chay rdi Realizable k-& dugc 4p dung trong céc tinh toan. So véi cic md hinh dong chay rdi
trl}yén thong, Realizable k-g duge sir dung rong rai trong cong nghiép vi do chinh xdc cao va dong thoi
tiét kiém dugc thoi gian tinh toan. Trong khi d6, dé tang dd chinh xac cho thanh phan doi Iuu thi phuong
phap roi rac hoa “Second Order Upwind” dugc ap dung. Do hoi tu cua cac phép tinl} duoc chon 13 1073
cho cac phuong trinh lién tuc, dong lugng va phuong trinh chay roi, trong khi d6, d6i véi phuong trinh
nang luong thi dg hoi tu dugc chon 1a 10, Cac m6 phong trong nghién ctru nay bo qua anh hudng cua
van toc khong khi moi truong xung quanh. Tai nguyén may tinh dugc dung trong tinh toan mo phong
trong nghién ctru nay la: Workstation 2xCPU Intel Xeon E5-2678 v3; RAM 32GB; NVIDIA Quadro
4GB.

2.3. Kiém tra tinh djc ldp ciia ciu tric ludi

Nhiét d6 khong khi trung binh vao cac dan ngung duoc ding dé tinh toan danh gia muc do doc lap
clia cdu trac ludi. Cau trac ludi biéu thi dang 3D xung quanh cac dan nong dugc thé hién trong Hinh 3.
Nhiét d6 moi trudng sir dung cho cac tinh toan 1a 35°C va ap suit khi quyén duoc ap dung nhu cac didu
kién bién & khoang cach 10m tir cac dan nong. Két qua qua trinh kiém tra mic do doc 1ap cua ludi tinh
toan duogc trinh bay trong Hinh 4. Khi s6 lugng phan tir ludi duge tinh toan thay doi tir 3,06 tri¢u dén
5,78 triéu phan tir thi nhiét do khong khi trung binh vao céc dan nong thay doi twong tng tir 46,5°C dén
38,6°C. Tir két qua nay c6 thé nhan thay rang khi sé phan tur lu6i thay doi tir 4,92 triéu dén 5,78 triéu thi
nhiét d6 thay doi khoang 0,52%. Do d6, mat do cdu trac ludi trong truong hop 4,92 triéu phan tir s&
dugc dung trong cac tinh toan ctia nghién ctru nay.
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Phéan tiv lwéi (Triéu)
Hinh 4. Két qua tinh kiém tra @6 déc ldp cdu tric lwéi mé phong
3. Két qua va ban luan

Céc tinh toan mo6 phdong nhdm xac dinh dugc phan bd truong nhiét do khéng khi xung quanh cum
dan néng ciing nhu trudng vector van tée khong khi vao va ra khoi dan nong qua d6 danh gia hiéu qua
hoat dong cac phuong 4n lap dat cum dan nong diéu hoa khong khi VRF. Hinh 5 trinh bay trudng nhiét
d6 khong khi xung quanh cum dan néng & cac mit cit khac nhau ctia 2 mo hinh lap dit cum dan nong.
Nhu duoc thé hién trong Hinh 5(a) va 5(b), khong khi noéng dugc quat hut vao va thoi ra khoi cac dan
nong theo hudng thang dung, nhiét d9 phan bd khong dong déu ¢ xung quanh cac dan néng. Ving nhiét
dd cao tap trung phan giita ciia cum dan nong, dic biét & 2 hang giira. Sy phan b nhiét d6 cao & vung
trung tdm ctia cum dan nong cling d& dwoc nhan thay trong Hinh 5(c) va (d). Vung nhiét d6 mau do thAm
biéu thi gia tri 16n hon 48°C xuat hién & ving trung tdm ctua mo hinh khong lap 6ng hudng dong Nhu
vay, chi thi gi tri nhiét 6 ciia mo hinh khong lip ong hudng dong cao hon so v6i mé hinh c6 lip dng
hudéng dong.
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(a) Mdt cdt ngang, mé hinh khéng lip ong huéng dong — (b) Mdt cdt ngang, mé hinh cé ldp ong hudng dong

(°C)
48.0
I46.7
454
441
428
415

40.2
38.9

37.6
36.3
35.0

(d) Mat cat 0,8m so véi mat dit, mé hinh cé lap ong huéng dong

Hinh 5. Phdn bé truong nhiét do khong khi ¢ cac mat cat khac nhau ciia 2 mé hinh
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(°C)
48.0

46.7
45.4
44.1
42.8
415
40.2
389
376
36.3
35.0

(d)
Hinh 6. Phdn bé dong streamline ciia 2 mé hinh, (a) va (c) hinh chiéu 3D, (b) va (d) hinh chiéu canh

Hinh 6 m6 ta dong streamline ctia khong khi ra khoi cac dan nong. Dong streamline thing theo hudng
théi ra cua quat dan dén viée giai nhiét tor dan nong s€ tdt va nguoc lai. Mau cia cac dong streamline
dugc chi thi théng qua d9 16n cua nhiét do khong khi. Chiing ta dé nhan thay rang, viing trung tm ciia
cum dan néng c6 nhié¢t d6 cao hon vung xung quanh trong ca 2 md hinh. Hinh dang duong cong dong
streamline ctia md hinh khéng ldp éng hudng dong phirc tap hon nhiéu so v6i mé hinh lip éng huéng
dong. Diéu d6 giai thich rang ving xoay khong khi xuat hién nhiéu hon khi khong lap 6ng huéng dong.
Khi lap 6ng hudng dong trén mdi dan n(’)ng s€ 1am khong khi nong ra khoi quat s& dé dang bi day ra xa
tranh bi hit tré lai, do d6 han ché lam gia tang nhiét do ngung tu moi chat lanh trong cac dan nong.
Trudng phan bd vector dong khong khi dugc thé hién trén mit cit ngang ctia san thuong dugc biéu thi
trong Hinh 7. C6 thé nhan thiy rang chiéu ctia truong vector khong khi thai bi hut vé cac dan nong thong
qua khoang tréng giita cac hang dan nong. Do khong c6 6ng hudng dong nén khi néng vira thoat ra khoi
phia trén dan nong thi bi huat tré lai dan trao ddi nhiét, dan dén nhiét do khong khi vao cac dan nong
trong truong hop nay s€ cao hon khi lflp cac 6ng huc'mg d(‘)ng

\\\\\\ W \\‘\ R jﬂf«": ih w,A ,. \v///

f

NN
‘“‘\\5 /'

' i /

™ ‘wm 7 (°C)
/r/ )
Jf}:"= ““ // %

46.7
45.4
441
42.8
41.5
40.2
38.9
376
36.3
35.0

Hinh 7. Phdn bé truong vector ¢ mdt cdt ngang,
(a) mé hinh khéng ldp ong hwéng dong, (b) mé hinh ldp ong hwéng dong
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Hinh 8. Nhiét do trung binh khong khi vao cdc dan néng

Nhiét d¢ trung binh khong khi vao 35 dan nong ctia hai m hinh lip dit cum dan néng may lanh VRF
duoc thé hién trén Hinh 8. Trong hai m6 hinh lép dat, & cac vi tri lép dat khac nhau dan dén nhiét do
khong khi hit vao dan nong c6 gia tri khac nhau. Xu hudng bién thién nhiét do khong khi vao cac dan
néng trong hai truedng hop lap dit tuong ddi gidng nhau. Khi lip dit dng huéng dong dai 1,2m din dén
nhiét do khong khi vao dan nong giam do d6 hiéu qua hoat dong cua hé thong may lanh VRF ting 1én.
Céc dan néng duoc lap dit bén ngoai trong ca hai truong hop, twong g véi s6 thir tu dan nong tir 1
dén 8 va 27 dén 35, it c6 su thay d6i t6i nhiét do khong khi hiit vao trong qua trinh hoat dong. Diéu nay
c6 thé giai thich rang cac dan néng lip dit bén ngoai tiép xtic voi khong khi méi truong nén khi hoat
dong chung it hut khong khi thai, thay vao do6 chiing hit dugc khong khi moi truong bén ngoai nén do
gia tang nhiét dd nhé. Bén canh do, cac dan nong khu vuc trung tam c6 su thay d6i 16n nhiét do khi hoat
dong. Vi vay, khi 1ip dit cac cum dan ndng can chi y dén dic diém nay vi ching c6 thé hut khi néng
cua cac dan nong xung quanh. Nhiét dg trung binh vao cac dan nong khi lap 6ng hudng dong giam di
0,9°C so véi truong hop khong lap dng huéng dong. Trong khi d6, nhiét do 16n nhat vao dan néng giam
di 1,7°C khi stir dung ong huéng dong.

4. Két luan

’Diéu hoa khong khi VRF la giai phap diéu hoa khong khi trung tdm hiéu qua cao, chi phi véan hanh
thap, linh hoat trong diéu chinh tai lanh va d¢ tin cdy cao. Trong bai bao nay cum dan néng voi so luong
khong qua 16n dugc dua ra nghién ctru thong qua m6 phong CFD nham xdc dinh phuong an lap dat toi
uu. Cac két qua thu dugce tir cac mo6 phong dugc rat ra nhu sau:

- Nhi¢t d¢ khong khi vao cdc dan nong ¢ phan trung tim cta cum bj anh hudéng 16n boi khong khi
noéng thodat ra tir cac dan nong lap dat xung quanh.

- Nhiét do khong khi trung binh vao cdc dan nong giam 2,3% tuong tmg v6i 0,9°C trong trudng hop
cac dan néng dugc lap thém ong hudng dong.

- Tuong tu nhu vy, khi cum dan nong duge lap thém 6ng hudng dong thi nhiét do khong khi 16n
nhat vao dan nong giam 4% tuong tmg véi 1,7°C.

Tom lai, déi voi cac cong trinh st dyng cum hé thong diéu hoa khong khi trung tdm loai VREF, giai
phap sir dung 6 ong hudng dong gan trén mdi dan nong dugc xem la giai phap hiru hiéu, tiét kiém chi phi
nhiam ning cao hiéu qua hoat dong cua hé thdng diéu hoa khong khi.

Lo1i cam on

Nhém nghién ciru xin cam on Trudng Dai hoc Bach Khoa, PHQG-HCM d hd trg thoi gian, phuong
tién va co s vat chat cho nghién ciru nay. Bén canh do6, nhom tac gia cling xin cam on dén cong ty LG
Electronics, Han Qudc cho su hd trg k¥ thudt trong qua trinh thyre hién nghién ctru nay.
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