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Nghién cu ting dung mé phéng co hoc chit lvu dé dé xuét vi tri thiét bi

outdoor unit ctia hé thdng diéu hoa khong khi VRV nham t6i vwu héa hiéu

suat hoat dong ctia hé théng

Biii Thi Hiéu'!, Hoang Tuin Viét!

! Khoa Ky thuat moi triedng, Tridng Dai hoc Xay dung Ha Noi

T KHOA TOM TAT
DHKK Viée b tri vi trf cac 6 hop thiét bi outdoor unit ctia hé théng PHKK Variable Refrigerant Volume (VRV) anh
Nhiét db

M6 phong co hoc chét lvu
FLOVENT
Vi tri 14p dit thiét bi outdoor

KEYWORDS

hwéng 16n dén sy phan bd trudng nhiét d6 ctia khéi khong khi xung quanh cac thiét bi outdoor unit. B tri cic
td hop thiét bi outdoor unit khong phit hop sé dén t&i trirdng nhiét d6 khong khi gitta cac thiét bi outdoor unit
ndy ting cao, déin t6i giam ning suit lanh, su hoat dong khéng 6n dinh, giam tudi tho ctia hé théng va tiéu tén
ning lugng. Tuy nhién, hiu hét cac thiét ké hé théng PHKK chua dénh gia chi tiét anh hwong cta nhiét do
khéng khi xung quanh céc t5 hop thiét bi outdoor unit ¢én ning suit lanh ctia hé théng. Gin déy, véi si phat
trién mé ctia cac phan mém mé phéng co hoc chit Iy, trit¥ng nhiét 6 xung quanh céc thiét bi outdoor unit
6 thé mé phong stt dung cic théng sb ki thuét ctia thiét bi outdoor unit, két cAu cong trinh va didu kién khi
twong ctia dia phwong noi cong trinh duge xdy dung. Do d6, nghién ctu nay di tng dung phdn mém md
phong co hoc chét lvu FLOVENT dé mé phong va danh gia anh hwdng ctia vi tri diit cac td hop thiét bi outdoor
unit dén cong suit lanh ctia hé théng didu hoa tai cong trinh vin phong & Ha Noi.

ABSTRACT

Air conditioning
Temperature

Fluid mechanics simulation
FLOVENT

Arrangement of the outdoor unit

The arrangement of the outdoor unit equipment of the Variable Refrigerant Volume (VRV) air conditioning
system greatly affects the temperature field distribution of the air mass surrounding the outdoor units.
Improper arrangement of outdoor unit equipment will lead to increased air temperature surrounding these
outdoor units, leading to cooling capacity reduction, unstable operation, reduction of system life and
consumes energy. However, most air conditioning system designs have not evaluated in detail the impact of
air temperature surrounding outdoor unit equipment on the system's cooling capacity. Recently, with the
strong development of fluid mechanics simulation software, the temperature field around outdoor unit can
be simulated using the technical parameters of outdoor unit and building structures, and meteorological
conditions. Therefore, this study applied FLOVENT software to evaluate the influence of the location of

outdoor unit equipment on the cooling capacity of the system at office buildings in Hanoi.

1. Mo diu

ctia hé théng HVAC ndi riéng nhim tiét kiém niing lvong da trg thanh
d2 tai thu hat rit 16n su quan tim tif cic nha khoa hoc, cha diu tu, va

Hién nay tiéu thu ndng lugng bdi céc cong trinh x4y dwng ngay
cang ting, chiém dén 50% téng ning lugng toan ciu [1]. Trong toa
nha, hé théng cip nhiét, théng gi6, va diéu hoa khéng khi (HVAC)
chiém tit 30% - 70% téng ning lugng dién tidu thu [2]. & Hoa Ky, hon
50% ning lwgng st dung cho céc tdoa nha duge dung dé van hanh hé
théng HVAC [3]. G Hbng Kéng trong nim 2006, ning lugng tiéu thu
b&i hé théng didu hoa khong khi (PHKK) va hé théng 1am lanh khic
chiém 33% téng lugng ning lwgng tiéu thu toan quéc [4]-[7]. Hon
70% ning luwgng duoc sit dung cho hé théng 1am mat trong cac toa nha
& Trung Pong [8]. G Viét Nam, c4c hé théng PHKK tiéu tén 50% - 60%
tong lwong dién tiéu thu trong céc coéng trinh dén sinh ciing nhu cic
toa nha thuong mai, van phong, khach san...[9], [10]. Do d6, st dung

ning lugng hidu qua trong cac tda nha néi chung, va téi wu ning sut
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c4c nha 1am chinh sach vé nang luong [11].

Ning sut lanh ctia hé théng PHKK giai nhiét gi6 phu thudc 16n
vao didu kién méi trudng, nghia 14 ning suét lanh sé giam khi truong
nhiét 46 xung quanh cac thiét bi outdoor unit ting. Lia chon may PHKK
can xem xét chi tiét anh hwdng cta nhiét d6 khong khi xung quanh céc
thiét bi outdoor unit dén ning suét lanh ctia toan bd hé théng [2], [12].
Thém vao d6, viée bb tri vi tri cac tb hop thiét bi outdoor unit ctia hé
théng PHKK Variable Refrigerant Volume (VRV) ciing anh hudng 16n
dén sy phan b truong nhiét d6 cua khéi khong khi xung quanh céc
thiét bi outdoor unit. B tri cac t& hop thiét bi outdoor unit khéng phit
hop sé dan t6i trvdng nhiét d6 khong khi giita cac thiét bi outdoor unit
ndy ting cao, lam giam niing sudt lanh, sy hoat déng én dinh, giam tudi

tho ctia hé théng va tiéu tén ning lwgng [11]. Cho nén, céc thiét ké hé
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théng PHKK nén dvoc danh gia chi tiét anh hudng ctia nhiét 6 khong
khi xung quanh va vi tri b tri cac té hop thiét bi outdoor unit 1én ning
suét lanh ctia hé théng.

Vi vy, nghién cttu ndy Gng dung phidn mém mé phéng co hoc
chét lvu FLOVENT dé danh gid anh huéng cua td hop thiét bi indoor
unit ctia hé théng PHKK VRV dén hiéu suét 1am viéc ctia hé théng. Nhiét
d6 trung binh ctia khéi khong khi xung quanh thiét bi outdoor unit dugc
tinh toan dua trén mé phéng tridng nhiét do ti¥ phin mém. Sau do,
théng s6 nay duoc sit dung dé wéc lwvong mite giam ning suét cta hé
théng do anh hwdng cta nhiét d6 xung quanh lén céc thiét bj outdoor
unit. Dya vao mic giam ning sudt lanh, phuong 4n bd trf cac thiét bi
outdoor unit phit hop dugc dé xuit. Két qua va phuong phép luan ctia
nghién ciu nay ky vong dugc st dung lam tai liéu tham khao cho sinh
vién, cac k¥ su, chuyén gia v& hé théng DPHKK.

2. Phuong phap nghién ciu
2.1. Théng tin cbng trinh

Toa nha vin phong - Conico Tower ndm trén dwong Tén That
Tiing, phuong Trung Ty, quin Péng Pa, TP. Ha Noi. Toa nha gém c6
20 ting ndi, 4 tAng hAm v6i cong ning sit dung chinh 14 vin phong cho
thué. Cong trinh st dung hé théng diéu hoa ban trung tim VRV giai
nhiét gi6 hién dai va tiét kiém ning lwong. 11 t6 hop thiét bi outdoor
unit v&i cong sudt tit 48 dén 60 HP hoat déng doc 1ap dugc 1ip dit trén

tAng trén cling cta cong trinh.
2.2. Phdn mém mé phéng co hoc chdt lwu FLOVENT

Flovent 13 phian mém dong Ic hoc chét 1ong dién toan (CFD) dui
doén lvu lwvgng khong khi, truyén nhiét, phan phéi 6 nhiém va cac chi
s6 tién nghi trong cic tda nha va xung quanh céc toa nha & bat ky loai
va kich ¢& ndo. Phin mé&m Flovent han ché nhitng nhugc diém ma
nhiing phin mém khac chuwa khic phuc duoe dé hd trg dua ra dugc
phuong 4n thiét ké téi wu nhét [13]-[15]. Flovent c6 kha ning thé hién
sinh d6ng sy chuyén déng céc phin tit cho hinh anh phitc tap ciia ludng
khéng khi ba chiéu bao gdm tinh ning theo dbi sy chuyén déng ctia cac
phin ti cho phép hiéu ré hon v& dong chay phic tap. Khong nhiing
vay, Flovent c¢6 bé giai chwong trinh dugce tich hop dac biét vao cac
ing dung sudi 4m, thong gié va diu hoa khéng khi. Bo giai dwa trén
hé théng lwdi Cartesian cung cip két qua chinh xac nhét c6 thé va thoi
gian giai nhanh nhét trén méi 6 lw&i. Ngoai ra, cic céng cu dé xit 1y
dong cac két qua nhiét d6 va dong chay cho phép cic ki su xdc dinh
chinh xéc cic vin dé v& nhiét, thong gid, va dua ra giai phéap thiét ké
nhanh chéng, hiéu qua. Phin mém c6 kha ning duoc ap dung dé dang,
cho d6 phén giai cao c6 sin khi cin thiét, giam thiéu thoi gian mé phong
khi st dung cac thong sé diu vio clia mét cong trinh cu thé. Do dé,

hién nay phin mém Flovent dang dugc st dung réng rii va ing dung

dé hd tro thiét ké hé théng HVAC t6t nhit. Thuat toan phin mém
Flovent sit dung & md phong dong co hoc chét I va truyén nhiét bao
gdm tap hop cdc phwong trinh vi phan, phi tuyén tinhTrong CFD, mo
phong toan hoc ctia dong chét 1ong va truyén nhiét bao gdm céc phuong

trinh Navier-Stokes dwgc mé ta cu thé trong mot sb tai liéu [16], [17].
2.3. Théng s6 ddu vao cho qud trinh mé phéng

Trudng nhiét d6 xung quanh mdi thiét bi outdoor unit dwge mo
phong béi phan mém Flovent st dung cac thong sb sau 1am di liéu dau
vao bao gém: nhiét d¢ khong khi va vén téc gié bén ngoai nha; cong
suét 1am lanh cta cdc td hop thiét bi outdoor unit, dic tinh két cAu cia
cbng trinh; v.v. Cac thong sb nay dwoc dugc tdng hop trong Bang 1.

Nhiét d6 khong khi va vén téc gi6 ngoai trovi 1an lwgt c6 gia tri 1a
36,7 °C va 2,5 m/s dugc st dung trong nghién ctu nay tham khao ti
tiéu chuén thiét ké hé théng thong gié va DPHKK (TCVN 5687:2010).
Tiéu chudn nay dwoc 4p dung khi thiét ké va 14p dit cac hé théng PHKK
cho cac cong trinh kién tric dan dung va céng nghiép bao gdm céc cong
trinh vin phong cho thué nhu tda nha Conico Tower. Khi thiét ké hé
théng PHKK, cac théng s tinh todn bén ngoai cin dugc chon theo sb
gi® trong ndm ma cho phép khong dam bao ché d6 nhiét 4m bén trong
nha. P6i véi mot cong trinh cip II nhu téa nha Conico Tower, sb gidy
cho phép khong dam béo la tit 150 — 200 gio'/nam [18].

Tda nha st dung 11 tb hop thiét bi outdoor unit VRV, trong
d6 c6 01 tb 6 cong sudt 60 HP, 04 td cong sudt 54 HP, va 06 t6 con lai
¢6 coéng suit nhé hon hoic bing 50 HP. Cac thong sb nay va cac dic
tinh ctia vét liéu st dung 1am két ciu cong trinh, dwgc tham khao tif tai

liéu thuyét minh thiét ké thi céng cho cong trinh nay [19].
2.4. Pinh nghia cdc trudng hgp mé phong

Pé danh gi4 sy anh hwdng cta nhiét d6 khong khi ngoai troi va
phuong 4n bé tri vi tri dit cac t6 thiét bi outdoor unit va céc thong sb
lién quan khéc 1én d6 giam ning suit 1am lanh ctia hé théng PHKK VRV,
03 treong hop sau duge dinh nghia:

e Truong hop 1: Cac td hop thiét bi outdoor unit dvgc dit cach
nhau 1,2 m theo chiéu truc X (xem Hinh 3). P4y la khoang cach dugc
chon d8 thi cong 14p dat thuc té.

e Trudng hop 2: Céc tb hop thiét bi outdoor unit dwgce dit cach
nhau 0,9 m theo chidu truc X (xem Hinh 3). Con sb nay 16n hon gié tri
tdi thiéu dige khuyén nghi tit nha san xut thiét bi khi thi céng 1ip dit
céc thiét bi outdoor unit va nhé hon khoang céch thi céng cong 1ip diit
thuc té.

e Truong hgp 3: Cac td hop thiét bi outdoor unit duge dit cich
nhau 0.5m theo chidu truc X (xem Hinh 3), 1a gi tri ti thiéu dugc

khuyén nghi tit nha san xuét thiét bi.
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Bang 1. Thong sé diu vao cho phdn mém mé phong.

STT Thoéng s6 diu vao Pon vi Gia tri Tham khao
1 Nhiét do6 khong khi ngoai troi °C 36,7 [16]
2 Van tbe gi6 ngoai troi m/s 2,5 [18]
3 Cong suét 1am lanh tb thiét bi outdoor unit 01 HP 44,0
4 Cong suét 1am lanh t4 thiét bi outdoor unit 02 HP 60,0
5 Cong suét 1am lanh t4 thiét bi outdoor unit 03 HP 54,0
6 Cong suét 1am lanh t4 thiét bi outdoor unit 04 HP 54,0
7 Cong suét 1am lanh t4 thiét bi outdoor unit 05 HP 50,0
8 Cong sut 1am lanh tb thiét bi outdoor unit 06 HP 48,0 [17]
9 Cong suét 1am lanh tb thiét bi outdoor unit 07 HP 48,0
10 Céng suét 1am lanh tb thiét bi outdoor unit 08 HP 40,0
11 Céng suét 1am lanh tb thiét bi outdoor unit 09 HP 54,0
12 Cong suét 1am lanh t4 thiét bi outdoor unit 10 HP 54,0
13 Cong suét 1am lanh td thiét bi outdoor unit 11 HP 42,0

Hinh 1. Phuong 4n bé tri céc cac td hop thiét bi outdoor unit.
3.  Két qua va thao luan

Trudng nhiét d6 xung quanh mdi td hop thiét bi outdoor unit
trong 03 trong hop dige mod phéng st dung dit liéu du vao. Dya vao
cdc tredng nhiét d6 xung quanh thu dugce tir két qua mo phong, gia tri
nhiét d6 trung binh va d6 giam ning suit 1am lanh ctia mbi td thiét b
outdoor unit dwgc tinh toén. Céc gié tri nhiét ¢ mo phong tai cac diém
14y 1am mAu tinh toan gi tri nhiét d trung binh, va d6 giam ning suit

lanh ctia mbi tb trong cac trudng hop.
3.1. Nhiét dé trung binh xung quanh thiét bi outdoor unit

Hinh 2 dwéi day thé hién nhiét d6 trung binh cta cac tb thiét bi
outdoor unit dige tinh todn tif cic gié tri nhiét d6 mé phong ldy 1am mau.
Nhin chung trong ca 3 trie¥ng hop, khi khoang cach gitta c4c td hop cang
dat sat nhau thi nhiét d6 trung binh ctia chiling cang ting 1én. So sénh chi

2 trudng hop 1 va 2, nhiét d6 trung binh ctia tit ca céc td khong c6 su
chénh 1éch déng k&. Céc sy sai khéc chi giao dong tit 0,01 °C dén 0,58 °C.
Tuy nhién, khi cic td thiét bi outdoor unit dugce dit qua sat nhau, khoang
céch thu hep lai dén 0.5m nhw mé ta clia tredng hop 3, sy gia ting nhiét
d6 1a rt dang k&, tang it nhét tit 1.50C cho dén trén 2 °C dbi v&i cac tb
03, 04, 06 va 07. Sy ting 1én v& nhiét d6 & cac dan con lai thi thip hon,
luén nhé hon 0,7 °C. Pidu nay c6 thé giai thich 1 bdi vi cc t6 thiét bi
outdoor unit 03, 04, 06, va 07 ndm & khu vie bét lgi hon cac td con lai
v& vi tri v khéng gian d& giai nhiét. Do d6, kha ning trao di nhiét, giai
nhiét gifta mot thiét bi outdoor unit ndo d6 v6i méi trudng ¢6 thé bi anh

hwéng béi s toa nhiét clia cac thiét bi outdoor unit xung quanh.

43

redng Hop 1 (1.2m)
42 ]
K N
K Trudng Hop 2 (0.9m)
41 - i
& K 5
o e = Trudng Hop 3 (0.5m)
40 &l K
531

s

(RET
B

5

39

RREERET
ZOZTTTe

%

R

£
78

38

TeZeZe|

S50
atatil
ToTeTeTele

TeZeTs

%
it
KX

37

i

3%
T

=
TRRE
oTT0%s

2
%
5

TS
7
2]

o
%
0353

%59

i
%
T3
T
R

5
TR

36

2

%
7
5

TeZeTee

e

Nhiét d6 trung binh ctia cée té hop dan néng (°C)

Sl

o
SR
N
55

S

LR
2

50

N
5

2
54
7

9

SRR

e
T
2555

555

e

35

TS

ZoToTee
S

Iele
3538

T ——

=
I RS Erersrese
o

S
2%

[EERE
%,

o

2

ZeTelt
e

£

%

U
R

AT .S
KK

JleZe
o

34

[
w
-

5 6
Cic th dan néng

\..
o
©
s

Hinh 2. Nhiét d6 trung binh ctia cdc tb thiét bi outdoor unit.
3.2. P gidm ndng sudt lam lanh cia cdc t hop thiée bi outdoor unit
Vi tri dat td thiét bi outdoor unit thay ddi c6 thé 1am cho nhiét

d6 trung binh xung quanh né thay di theo. Pidu nay anh hwong dén

ning suét 1am lanh cta chiing. Theo nhu sach gi4o trinh k§ thudt lanh
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O s& cua tac gia Pham Vin Tity va Nguyén Diic Loi, sau 35 °C, nhiét
d6 thiét bi outdoor unit ¢t ting thém 1 °C, ning suit 1am lanh cta hé
théng sé giam 1 % [21]. PO giam ning suit ctia mdi tb trong cac truong
hop vi tri 18p dit khac nhau dige thé hién trén Hinh 3.
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Hinh 3. D6 giam ning suit 1am lanh cta céc td thiét bi outdoor unit.

Tit Hinh 2 va Hinh 3, nhin chung dé thiy trong ca 3 trudng hop
ring, nhiét d6 khong khi xung quanh thiét bi outdoor unit cang 16n,
mic d6 giam ning suét 1am lanh ctia hé théng cang 16n. Mic d6 giam
ning suét ctia cac tb sb 03, 04, 06 va 07 trong tridng hop 3 13 16n nhét
khi so sanh vé&i 2 truong hop con lai (16n hon it nhét 1,5 %). pé dac
trung cho mttc d6 anh hwéng chung ctia ca hé théng béi mdi phuong
an bé tri té hop thiét bi outdoor unit, d6 gidm ning suit lanh trung binh
clia hé théng dwgc tinh toan va thé hién trén Hinh 4.
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Hinh 4. D6 giam ning suit 1am lanh trung binh ctia hé théng.

Nhin vao biéu dd Hinh 4 d& dang nhén ra ring, khi phiong 4n
b tri khoang cach 18p dit cang gin nhau, thi mttc d6 giam ning suit
ctia ca hé théng sé tiang 1én. Dbi v&i cdc trudng hop 1 va 2, khi cac td
hop thiét bi outdoor unit duwgc b tri v&i khéng gian du réng 1an lvot
1a 1,2 m va 0,9 m, mGc d§ gidm nang sult lanh trung binh sai khac

nhau rat nhé, chi 0,13 %. Didu nay c6 thé thiy ring 0,9 m nén duge

chon dé 1am phuwong an bé tri 15p dit t6t nhat dé tiét kiém khéng gian,
khéi Iwgng vat liéu va vat tu 1ip dit hé théng. Bai vi, néu gia ting
khoang cach 1ip dit 16n hon 0,9 m, thi ning sudt ctia hé théng ciing
khéng ting 1én d4ng ké. So sanh triedng hop thi 3 va hai trvdng hop
du, khi khoang céch 14p dit qud gin nhau (0,5 m), mifc d gidm ning

suét trung binh ting chi x4p xi 1 %.
4, Kétluan

Vi tri lép dit ctia thiét bi outdoor unit 13 mét trong céc yéu %)
anh huong then chét dén ning suit 1am viéc ctia hé théng PHKK VRV
giai nhiét gié. Khoang cach 18p dit giita cac thiét bi outdoor unit cing
gin nhau, cang 1am cho nhiét d¢ xung quanh chiing ting 1én va do dé
ning suét 1am lanh ctia thiét bi s& giam di. Khi khoang cach 1ip dit qua
gAn v&i gia tri nho nhit theo khuyén nghi tit nha san xuét thiét bi, méc
d6 ting nhiét d6 va giam ning suit cang rd rét. Cac thiét bi outdoor
unit 14p dit & nhitng vi tri bt 10i v& khéng gian giai nhiét (bi bao vay,
can tr& va anh huéng bai sy toa nhiét tit cac thiét bi outdoor unit khéc),
¢6 thé bi giam ning sudt lanh 16n hon nhitng nhém thiét bi outdoor
unit khic (nhitng dan & vi tri bién). Do d6, khoang céch 14p dit cho
nhitng nhém thiét bi outdoor unit niy ciing nén dugc xem xét riéng.
Nhiét d6 khong khi ngoai tri 6 anh huwéng rit 16n dén ning suét lanh
ctia hé théng PHKK VRV giai nhiét gi6. Néu tinh toan dy phong cong
suét blt dip cho sy thut gidm ning sut lanh trong nhitng ngay ning
néng kéo dai khong du, hé théng diéu hoa 6 thé khéng duy tri duge
ning suét 1am viéc & khéng viot qua sb gi khéng dam bao ché d6
nhiét 4m trong trudng hop st dung thong sb tinh todn ngoai nha theo
TCVN 5687:2010. Phin mém md phong co hoc chit lwu FLOVENT la
mét cong cu hiéu qua, cung cip két qua vé triedng nhiét d6 mot cach
trize quan nhat dé hd tro viée danh gia, kiém tra sy phit hop v vi tri
14p dat thiét bi indoor unit ctia hé théng PHKK VRV nham t6i wu héa
hiéu suét hoat dong ctia hé théng. Vi tri 1ip dit thiét bi outdoor unit
phit hop sé gép phan tiét kiém dién ning tiéu thu, tit d6 giam phat thai
rong, gép phan huéng t6i COP26.
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