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TOM TAT

Bai bdo nay trinh bay két qua cla viéc st dung bién tan cho bom nudéc lanh nham céi thién hiéu
sudt ctia hé théng Chiller. Théng qua cac thi nghiém thuc hién trén hé thong Chiller tai Dai hoc
Bach khoa TP. H6 Chi Minh, két qua cho thay khi gidm tan s6 nguén dién cap cho bom, hé sé hiéu
qua (COP) ctia hé théng Chiller ting 1én dang ké, tir COP = 1,987 & tan s& 50Hz lén COP = 2,451 &
tan sé 30Hz, tuong Uing v&i muc tang 23.4%. C4c tinh toan ly thuyét ciing khdng dinh xu hudéng
nay véi COP ly thuyét tai tan sé 30Hz dat 6,421, trong khi hé s6 nay & tan s6 50 Hz la COP = 4,977,
tdc tang khodng 29% khi thay di tan s6 tir 50 Hz xuéng 30 Hz. Bén canh do, két qua thuc nghiém
ap dung bién tan vao hé théng bom nudc lanh va bom gidi nhiét ctia Chiller thuc té tai khach san
Palace TP. Ho Chi Minh cho thdy tiéu thu dién nang trung binh gidm tur 3,586 kWh/phong/ngay
xudng con 3,074 kWh/phong/ngay, tuong tng véi muc tiét kiém 15.37%. Két qua cho thay tiéu
thu dién nang trung binh gidm khong chi gidp tiét kiém chi phi van hanh ma con giam luong khi
CO, thai ra méi trudng, phu hop vai xu hudng phat trién bén vimg. Nghién cdu nay cho thdy mot
tiém nang rat Ién trong viéc ap dung cdng nghé bién tan vao cac hé thong Chiller ci khong sur
dung bién tan nham tiét kiém nang luong ma khéng can phai dau tu mua toan boé hé théng Chiller
mai.

Tu khoa: Bién tan, Hé théng Chiller, Bom nudc lanh, Hiéu sudt nang lugng (COP), Tiét kiém nang

luong

GIGI THIEU

Khi doi séng ctia con ngudi ngay cang dugc ning cao,
chit lugng va tién nghi cta cdc nhu cdu hing ngay
ciing dugc cai thién, trong d6 bao gom nhu cdu diéu
hoa khong khi tai noi lam viéc va sinh hoat. Tuy
nhién, hé théng diéu hoa khong khi hién nay chu yéu
sti dung loai c6 mdy nén hoi, tiéu thu mot lugng dién
néang 16n trong téng lugng tiéu thu ctia cac tda nha va
ho gia dinh, dic biét tai Viét Nam va cac khu vuc cé
khi hiu néng 4m. Theo Chuong trinh Qudc gia vé St
dung Néng lugng Tiét kiém va Hiéu qua (VNEEP),
hé théng diéu hoa khong khi tai cac tda nha cao ting
& Viét Nam tiéu thu tit 50% dén 75% t6ng lugng dién
ndng clia cdc cdng trinh nay. Viéc ting cudng st dung
diéu hoa khong khi dan dén gdnh ning cho ludi dién
quéc gia va dnh hudng dén muc tiéu giam phat thai
carbon ctia Chinh phti Viét Nam vao nim 2050!.

Nhiéu nghién ctiu trén thé gi6i va tai Viét Nam da
xem xét anh hudng ctia nhiét d6 nudc lanh & binh
bay hoi dén hiéu sudt ctia hé thong Chiller. Deng va
cong su? da nghién ctiu tic dong ctia viéc diéu chinh
nhiét d6 nudc lanh dya trén nhiét do khong khi ngoai
troi nhim t6i vu héa hiéu suit nang lugng lam mat

trong mot toa nha van phong. Le va cong su 3 dakhao
sat cach nhiét d¢ nudc lanh thay d6i anh huong dén
hiéu suit ctia hé théng lam lanh bang khong khi trong
céc thi nghiém. Kyere va cong su* da phan tich thuc
nghiém anh hudng cta cic diém dit nhiét d6 nudc
lanh dén diéu kién thodi mai nhiét va tiéu thu ning
lugng ctia mot toa nha van phong. Tai Viét Nam,
Huong va cong sy’ da nghién cu thyc nghiém tac
dong ca viéc tang nhiét d6 nudc lanh dén hé s6 hiéu
qué (COP) ctia hé thong Chiller. Tuy nhién, chua cé
nghién ctiu nao vé anh hudng ctia viéc st dung bién
tan cho bom nuéc lanh nhdm thay d6i nhiét 46 nuéc
lanh déting hiéu sudt ctia hé thong Chiller, va dic biét
la viéc dp dung bién tan vao diéu khién bom nuéc lanh
binh bay hoi va bom nudc giai nhiét binh ngung cho
mot hé thong Chiller dang van hanh. Vi véy, bai bao

nay sé tp trung vao nghién ctiu cic van dé nay.

PHUONG PHAP NGHIEN CUU VA
KET QUA THUC NGHIEM

Trich dan bai bao nay: Bao N T, Phat L T. Ung dung bién tan trong diéu khién bom dé tang hiéu suat
hé thdng Chiller: Nghién ctiu ly thuyét, thuc nghiém va trién khai thuc té tai Viét Nam. Sci. Tech.

Dev. J. - Eng. Tech. 2024; 7(4):2421-2435.
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Thuc nghiém anh huéng cia tan sé bom
nudc lanh dén hiéu suit cia hé théng
Chiller

Thi nghiém dugc thuc hién trén Chiller X ctia hang
Trace tii 11 gi6 trua dén 3 gid chiéu ngay 11 thang
4. Hinh 1 thé hién hé théng Chiller dung trong thi
nghiém nay, dugc lap tai BO mon Cong nghé Nhiét
lanh, khoa Co Khi, Truong Pai hoc Bach khoa Tp. H6
Chi Minh va Hinh 2 trinh bay so d6 nguyén ly ctia hé
thdng nay. Hé thong Chiller bao gébm mot Chiller giai
nhiét bang khong khi, mét bom c6 gén bién tin, va
mot AHU.

Chiller hang TRACE model CGAT085D00C0DA
Cong suit lanh: 25,29 kW

Mobi chit lanh: R407C

Cong Suit may nén: 3,375 kW

Hé thong nay dép ung yéu cdu thuc nghiém. Nhiét
d6 ngoai troi c6 anh hudng dén két qua thi nghiém
do hé thong st dung khong khi ngoai trdi d€ lam mét
Chiller.

Céc budc thyc nghiém bao gom:

o Sau khi van hanh hé théng, chd hé thong dat trang
théi 6n dinh va ghi nhan cdc gid tri trén bang diéu
khién.

o Giadm tan s6 ctia bom tuin ty mdi 1an 5Hz, chd hé
théng 6n dinh va ghi nhan lai cdc gid tri trén bang diéu
khién, tii 50Hz xudng 30Hz.

Hinh 3 trinh bay Tt diéu khién véi Man hinh thé hién
cac thong s6 dung d€ diéu chinh céc thong s6 trong
qua trinh van hanh hé thong Chiller.

Chung ta lam viéc véi cac thong s6:

o Luu lugng thé tich nudc lanh I/phut

o Nhiét do nudc di vao binh bay hoi

o Nhiét do nudc di ra binh bay hoi

Két qua thuc nghiém
Tu d6 thi tdng quét clia bom nudc lanh trong Cata-
logue, nhu thé hién trén Hinh 4, cic thong s6 theo tin
s6 ctia bom dugc xdc dinh. COP ly thuyét dugc tinh
bang cach chia cong suét lanh ly thuyét (Q) cho cong
sudt dién ly thuyét (P). Dung s6 liéu tu Catalogue:

0 25,29

cop==

= 243
P 9,55+0,847

COP thuc nghiém dugc tinh véi bom st dung bién
tan d€ thay d6i nhiét d6 nudc vao va ra ctia hé thong
Chiller. Do nuéc qua Chiller khong c6 qua trinh bién
d6i pha, cong sudt lanh dugc tinh bing cong thic:

0=m.Cp.A\t

Trong do6:
o m la luu lugng khéi lugng nudc, kg/s

Hinh 3: TG diéu khién hé thong Chiller véi man hinh
giao dién cam Uing

o C, la nhiét dung riéng ctia chét cAn lam lanh, don

vi kJ/kg/K

e At la hiéu s6 ctia nhiét d6 ban dau va nhiét do sau

khi lam lanh

Tra bang thong s6 vét ly ctia nudc, ta cé:

o Khi lugng riéng ctia nudc tai 10°C: 999,7 kg/m?3,

e Nhiét dung riéng ddng 4p Cpciia nudc tai 10°C:

4,191 kJ/kg.°C.

Tu d6, tinh luu lugng khéi lugng:
_vxp  100,2x999,7
~ 60x1000 60 x 1000

e v 1a van t6c nudc lanh (I/phut)

e p la khéi lugng riéng ctia nude (kg/m?)

Ghép vao cong thiic (1), ta co:

= 20,493 (kg/s)

0=G.Cp.At = 1,669 % 4,191 x (13— 10,5) = 17,492

Tu day, tinh dugec COP:
Q0 17,492
P == —
co P 10,312
Tuong ty véi cc tn s6 45Hz, 40Hz, 35Hz, va 30Hz,
ta c6 Bang 1.

=1,696

Két qua cho théy, khi giam tdn s6 cia bom nuéc lanh,
COP ciia hé théng Chiller ting 1én. O tin s6 35 Hz,
su gia ting COP khong tuyén tinh theo quy luat c6 thé
do ltic d6 nhiét 46 ngoai troi tang cao hay cé ngudi ra
vao lam thay dai tai lanh hé thong.
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Hinh 1: Téng quan hé théng Chiller dung lam thi nghiém

Hinh 2: So d6 nguyén Iy ctia hé théng
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Performance Curve
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Bang 1: Két qua thuc nghiém anh huéng cta tan sé cia bom nuéc lanh dén COP cua Chiller

Tan s6 Nhiétdo Nhiét d0 At(°C) Luu Cong Tai lanh COP % COP

bom (Hz) nudcvao nudc ra lugng suat (kW) thay doi
({9 ({9 (/phuit) (kW)

50 13 10.5 2.5 100.2 10.312 17,492 1.696 0%

45 13.2 10.3 2.9 89.5 10.165 18,124 1.782 +5.1%

40 13.5 10.1 34 79.6 9.891 18,899 1.911 +12.5%

35 13.8 10.0 3.8 69.9 9.738 18,548 1.902 +12.2%

30 13.5 8.8 4.7 59.2 9.288 19,429 2.092 +23.4%

TiNH TOAN LY THUYET ANH

HUGNG CUA TAN SO BOM NUGC
LANH DEN COP CUA CHILLER

Tinh toan chu trinh lanh

Dau tién, tinh todn tai tAn s6 bom nudc lanh 1a 50Hz,
bom chay theo thiét ké & ché do ddy tai. Chon Chiller
tit Catalogue ctia Daikin véi cac déc tinh ki thuét sau:
e Tén dong san ph&m: CUWD - C (Water chiller véi
mady nén truc vit),

e Model: CUWD400CT5Y,

o Cong sudt lanh: 1320 kW =375.4 RT,

o Moi chét lanh: R134a,

o Cong sudt dién: 2486 kW.

Thong s6 trang thai ciia R134a ¢ tling trang théi trong
chu trinh lanh:

St dung phian mém EES d€ tra thong s6 trang thai ctia
R134a & tling trang thai trong chu trinh lanh. Két qua
tinh todn dugc lap thanh Bang 2.

T thong s6 trén, tinh todn thong s6 nhiét vét ly ctia
R134a tai 2 diém trang thai 1 va 4 bang EES, ta c¢6
Bang 3 vdi cac thong s6 sau:

Cong nén don vi: w =i - i} = 275.7 - 253.1 = 22.6
(K)/kg)

Néng suét lanh don vi: qp =i - iy =253.1 - 108.7 =
144.4 (kJ/kg)

Hé s6 COP (Gia st hiéu sudt ctia may nén h =0.7):
(Méy nén c6 hiéu suft t6t trén thi trudng cé hiéu suat
h =0.7)

COP= % =
Vé phia nuéc lam lanh, ti két quéa phan mém EES, ta

1444x07 _
e — =447

c6 Bang 4.

Luu lugng va van tdc chat tuan hoan
Vé phia tdc nhén lanh

[

Luu lugng khéi lugng tac nhan lanh: Gy = e

1320
Tara = 9-1413 (kg/s)
Van téc chuyén dong ctia moi chit lanh & ctia vao binh

bay hoi: @) =10 m/s

Van t6¢ chuyén dong ctia moi chét lanh & ctia ra binh
bay hoi: @, =15 m/s

Vé phia nuéc

Luu lugng khéi lugng nude 1am lanh di qua binh bay
hoi:

Gn = ‘c,,ﬁ?f) o 4.118392)? 5
T6c d) nudce di trong chum Ong 1a tu
=> Ta chon w,, =2 (m/s)

Theo bang 15.1 tr.425 tai liéu®

=63.0222 (kg/s)
1.8-24m/s

Hé sé téa nhiét déi luu va mat dé dong nhiét
Vé phia chdt tai lanh
S6 8ng trong 1 pass nudc:

4Gy _ 4x 63.0222
Td% p,. . 7x0.0127x1000x2

n la s6 6ng nude

=278,7

ny =

Chon lai s6 6ng trong 1 pass nudc la ny =278 6ng

Tinh lai van t6¢ nuGc lam lanh:
4 G, 4 x 63.0222

On = T = T 0012 x 10005278 2 m/s
Hé s6 Re:

— ndin _ _2x0.012 _ 4 4 _ 2
R?n— 5 = Ta26. 106 = 1-:8099x10% > 10 > Chay
o1

Theo tai liéu® tr.486, vi khéi 1a chat khi nén tri s& Pr
it thay déi theo nhiét

Ta chon: (lfr% Y025~

Hé s6 Nu dugc tinh theo cong thiic 4.5 tai liéu” tr.185
dudi déay tng véi truong hop chay réi

Nu, = 0.021 (Re,)*3 (Pr,)04 . (5L ) 025

=0.021 x (1.8099 x 10*) x 9.801943 = 142.7543

Hé s6 tdéa nhiét d6i luu ctia nude

tn = Nu, o = 1427543 x 8102 _ 67395
(W/m2K)

Mat d¢ dong nhiét

Do chénh léch trung binh logarit dugc thé hién trén
Hinh 6:

=i o 1327 = 455120C
(A=) T (R

V6i nhiét d6 ctia bé mét truyén nhiét t,. P9 chénh
léch nhiét do gitia nhiét d6 trung binh cta nudc va
nhiét do bé mit truyén nhiét: 6, =t4 4 - t,
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Legp

Hinh 5: D6 thi T-S va logp-i cia chu trinh nhiét co ban

Bang 2: Théng sé tiing trang thai cia méi chat lanh trong chu trinh lanh

Diém trang thai Enthalpy (kJ/kg) Ap suit (bar) Entropy (kJ/kgK) Nhiét d¢ (°C)
1 253.1 3.439 0.929 4.5
2 275.7 10.25 0.929 44.1
3 108.7 10.25 0.3961 40.27
4 108.7 3.439 0.409 4.5
Bang 3: Tinh toan théng sé nhiét vat ly R134a bang EES va két qua
Thong s6 Gid tri
Ap sudt tai trang thai 4 3.439 bar
Enthalpy tai trang thai 4 108.7 kJ/kg
Khéi lugng riéng tai 4 62.46 kg/m?
Ap sudlt tai trang thdi 1 3.439 bar
Hé s6 dan nhiét tai 1 0.01254 W/mK
Khoi lugng riéng tai 1 16.86 kg/m*
Tiéu chudn Prandtl tai 1 0.8128
Do nhét dong luc hoc tai 1 1.11 x 10> Ns/m?
Do nhét dong hoc tai 1 6.583 x 10" m?/s
Do chénh 1éch gitia nhiét d6 bé mdt truyén nhiét va  Mat d6 dong nhiét vé phia nudc
nhiét d6 sdi ctia tdc nhan lanh: 0 . 6,— 6, 45512— 0, _
Bumty-t0 S G e L CE

Tong nhiét tré dan nhiét (gém nhiét tr§ cta vach dng
va 16p cau nuéce vi 6 day 6ng dong mong nén nhiét
trg ctia vach c6 thé bé qua va chi con nhiét tré 16p
cu nudc) theo tai liéu® tr.263, d6i véi chét tai lanh la
nudc chay trong 6ng déng c6 thé chon khoang (0.12
+0.15) x 1073 m2K/W, nén & déay ta chon:

- =0.00015 m*K/W

3351.37 (4.5512-6,) W/m?

Vé phia tdc nhén lanh

Hé 56 ké dén anh hudng chum 6ng c6 canh, cac binh
bdc hoi lam lanh nudc thuong g, > 2kW do d6 €, =
1
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Bang 4: Théng sé nhiét vat ly ctia nudc

Thong s6 Gia tri
Nhiét d¢ trung binh 9.5°C

Ap sudt nuéc lam lanh 1.01325 bar
Khoi lugng riéng 1000 kg/m*

Hé s6 dan nhiét

Do nhét dong luc hoc
D6 nhét dong hoc
Tiéu chuén Prandtl

Nhiét dung riéng déng ap

56.65 x 102 W/mK
1.326 x 10°° Ns/m?
1.326 x 10° m?/s
9.801

4.189 kJ/kgK

f fl |
| Faz
fAj e Al max
AF f‘l?
1 - '
F

Hinh 6: D6 thi thé hién d6 chénh léch nhiét d6 trung
binh logarit

Hé s6 ké dén anh huong tii dau boi tron theo tai liéu®
tr.485: €4 = 0.82

Mat d¢ dong nhiét quy vé bé mat trong ctia phia
R134a, ta tam thoi st dung cong thic tinh cho moi
chit lanh R22 d€ tinh cho modi chat lanh R134a, vi
chua tim dugc cong thitc phtt hgp dé thay thé :

Qutr = 335 POO'S 9:12 En Edﬁ

=335x3.439%% 6,2 x 1 x 0.82 x 3.2147

=1637.63 6,2 (W/m?)

Cdc théng sé ciia bom:

- Luu lugng 189 m3/h

- Cotap 26,7 m

- Hiéu suat bom 82,7%

- Cong suit dong co 16,62 kW

- NPSH (bién d¢ d4u hut thuin duong) : 3,11 m

T d6 ta tinh dugc COP ly thuyét ctia hé théng & tin
s6 ctia bom 1a 50 Hz

1320
cop =2 _

=% = 4977
W " aseri66 Y

Tinh todn cho tdn sé 40Hz:

Gus = (1—5)G, = 56,7199 kg/s

Opss = (1— )0y = 12,1159kW

Gia st Q_0khodng d6i Q_0=1320 kWL va nhiét do dau
rala79C

Tit d6 ta c6 At = 5,56 °C

Do chénh léch trung binh logarit

_ta—t, _ 1255556 -7 _ 0
m= (AZ/AZ élxo) Tl (26 A5) T 4.7480°C
a1 — 1o 743
Mat do dong nhiét vé phia nudc
Q= 1y _ _6.,— 6, 4,748 — 6, _
n - 5 5; - 1
L L+rg <77 +0.00015

3351.37 (4,748-6,) W/m?

Heé s6 k€ dén anh hudng chum dng cé canh, theo tai
liéu® tr.485,

Céc binh bay hoi lam lanh nuéc thuong q,g > 2kW
dodée, =1

Heé 56 k€ dén anh hudng tii dau bdi tron, theo tai liéu®
tr.485:

€4 =0.82

Dién tich phin ding ctia bé mat canh ting véi 1m
chiéu dai 6ng co canh, ta tinh theo cdng thiic gdn dung
vi ddu cdnh réizt nho: , ,
Ey= 2 ngrd e) - (0'02@0;)0?410314 ) =0.0799 (m?)
Dién tich bé mit ndm ngang tGng véi 1m chiéu dai
ongF, = do(1 — 3) + Bdi=mx0014x (1 -

0.0003 £x0.016 x0.0002 _ 2
0.00118) oooits = 0.0413 (m?)

T6ng dién tich bé mit bén ngoai Ging v6i 1m 6ng cd

canh:

F=F, +F, = 0.0799 + 0.0413 = 0.1212 (m?)

Dién tich bé mit trong ting v6i 1m 6ng cé canh:
F;=dL=7x0.012x1=0.0377 (m?)

Hé s6 lam canh :

B=f = 5315 =3.2147

Mat do dong nhiét quy vé bé mait trong clia phia
R134a, ta tam thdi st dung cong thic 6.107 tinh cho
mdi chét lanh R22 tai liéu tr.256 d€ tinh cho moi chét
lanh R134a, vi chua tim dugc cdng thic phi hgp dé
thay thé:
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Qur =335p0" 0% €, €48

=335x3.439%° 0,2 x 1 x0.82 x 3.2147

=1637.63 6, (W/m?)

Phuong trinh c4n bang gitta mit d6 dong nhiét quy vé
mat trong cla cé hai phia: p, = p,;r ¥3351.37 (4.748-
6,) = 1637.63 6,82

Ko, =2.2576"C

Mat d¢ dong nhiét quy vé bé mat trong ctia 6ng canh:
Quer = 1637.63 0,2 = 8346,603 (W/m?) > 2000 W/m?
Do d6 cac gia tri da tinh todn & trén hoan toan hop ly.
T s6 liéu da tinh todn & trén ta sé tinh dugc téng dién
tich truyén nhiét & bé mét trong ctia chim 6ng canh:
Fytr =2 = DR0CI0 = 167.206 (m?)

Q_02 = qur x FYtr = 8346,603 x 167,206 = 1395602
W =1395,603 (kW)

_on _

1395,603

COPr = 3" = g6t 1za159 ~ 00
Vay COP tang 7,476%

Ap dung céc budc tinh todn trén & cc tén s6 clia bom
nudce lanh 1an lugt 13 40 Hz, 35 Hz va 30 Hz. Ta c6
Bang 5 trinh bay két qua.

Céc két qua cho thdy, giam tan s6 bom nudc lanh lam
tang COP ctia hé thong Chiller.

Hinh 7 trinh bay ctia Hé s6 lam viéc COP ctia hé
théng Chiller phu thudc vao tin s6 ctia bom. Puong
gach lién 1 dudng COP ly thuyét, dudng chdm chim
14 dudng todn hoc thé hién xu hudng bién thién cta
duong COP ly thuyét, va cac gia tri chdm tron la COP
xdc dinh tii thuc nghiém.

D6 thi nay cho thdy duong cong COP ly thuyét bién
thién theo tin s6 dong dién ctia bom theo mét quy
ludt dudng thing rét ro rang. Pudng todn hoc thé
hién xu huéng bién thién ctia COP 14 ham tuyén tinh
y = - 0,0728x + 8,6428 v6i hé s6 R? = 0,9954 thé hién
quy luat bién thién gitia Hé s6 COP va tin s6 bom rat
ro rang. Céc gid tri COP thuc nghiém nho hon COP
ly thuyét kha nhiéu do trong qua trinh tinh todn ly
thuyét, cac diéu kién va thong s6 tinh toan déu dugc
gia dinh & diéu kién ly tuéng. Tuy nhién sy bién thién
ctia COP thuyc nghiém theo tin s6 bom ciing thé hién
rd rang theo quy luat ctia dudng COP ly thuyét dugc
phan tich & trén. Tt d6 c6 thé khing dinh d6 chinh
x4c clia nghién ctu ly thuyét va thuc nghiém sy thay
d6i COP theo tdn s6 clia bom nudc lanh trong hé
thong chiller, dugc trinh bay trong bai bao nay.

THAO LUAN U NG DUNG BIEN TAN

VAO MOT HE THONG CHILLER THUC
TE NHAM TIET KIEM NANG LUQGNG

Hién trang cta hé théng Water Chiller tai
khach san Palace, TP. H6 Chi Minh

Dé danh gia ky hon niia hiéu qua ctia bién tan khi
stt dung cho bom nudc lanh ctia binh bay hoi va bom
nudc giai nhiét ctia binh ngung trong hé thong chiller,
bién tin da dugc dua vao tng dung cho hé thong
Chiller dang v4n hanh tai khach san Palace tai Thanh
ph6 H6 Chi Minh. Hinh 8 trinh bay so d6 ctia hé
thong Chiller ctia khach san Palace. Hinh 9 trinh bay
hinh anh thét ctia hé thong Chiller tai Khach san nay.
Hé théng diéu hoa khong khi trung tAm Water Chiller
ctia khéach san Palace st dung cac dong co khong dong
bd 3 pha 380V; bao gom cac dong co chinh sau day:
+Podng co mdy nén truc vit, 2 ci, cdng sudt dinh mic
60 HP/01 cai.

+ bodng co bom nudce lanh, 3 céi (trong d6 cd 1 cai du
phong), cong sudt dinh mtic 20 HP/01 cai.

+ bdng co bom nudc giai nhiét, 03 cdi (trong d6 c6 1
céi du phong), cong sudt dinh mtic 15 HP /01 céi.

+ Ngoai ra con c¢6 02 ddng co quat thap gidi nhiét,
cong sudt 3 HP mdi céi.

Khuyét di€ém ctia hé thong trudc khi lap bién tan la:
cac cum mdy nén, bom nudc lanh, bom nuéc giai
nhiét khong dugc diéu khién ty dong cing nhu khong
dugc lién két phoi hgp hoat ddng v6i nhau. Diéu nay
gy ra 2 diém bt lgi sau:

° Can phai c6 cong nhan chuyén trach viéc van hanh
hé thdng.

° Do hé théng khong dugc diéu khién ty dong nén ché
d6 van hanh ctia hé thong kho dat dugc t6i uu ¢ moi
ltc. biéu nay sé dan dén viéc gia ting dién nang tiéu
thu ctia hé thdng.

Nhu véy hé thong lanh dugc tu dong héa & mic do
thép. Cac cum thiét bi chua dugc lién két phéi hop
hoat dong mot cach théng nhat. Hau nhu moi thiét
bi déu dugc ngudi van hanh bang tay va theo kinh
nghiém, vi du: khi nhan théy phu tai lanh tang (vao
thoi diém nha hang hoat dong hang ngay, thoi tiét
néng bic...) thi ngudi van hanh cé thé chay ting
cudng thém 1 bom nudc lanh, 1 bom nudc giai nhiét
va 1 quat Colling Tower. Nhu vay véi cach van hanh
hé thong theo cam tinh nhu trén thi khé c6 thé dem
lai mot ché d¢ van hanh t6i uu cho hé thong.

Nhu di biét, phu tai ctia cic dong co cao hay thép tuy
thudc vao yéu t6 chtt quan nhu nhu ciu lam lanh (s6
khong gian can di€u hoa, nhiét do cai dit...) va cac
yéu t6 khich quan nhu khi hdu méi trudng (nhiét 49,
do 4m, mtic 9 biic xa mit troi...). Céc yéu to nay
luén luén thay d6i dan dén phu tai ctia cic dong co
ciing rt khong 6n dinh. Diéu nay c6 thé khién hiéu
sudt ctia cac dong co dién khong cao. Péc biét 1a khi
tan sudt thay dai tai 16n, gid tri tai ndm ngoai viing
hiéu sudt cao ctia d6 thi dic tinh tai.

2428



Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2025, 7(4):2421-2435

Bang 5: K&t qua ly thuyét anh huéng chia tan sé ctia bom nuéc lanh dén COP cua Chiller

Tans6bom (Hz) At (°C) Praynen KW)  Ppop (KW) Q (kW) cor % COP thay
dai
50 5.00 248.6 16.62 1320 4.977 0%
45 5.50 248.6 12.11 1396 5.351 +7.48%
40 6.25 248.6 8.50 1489 5.792 +16.37%
35 6.70 248.6 7.10 1561 6.105 +22.66%
30 7.14 248.6 5.70 1633 6.421 +29.03%
7
6
S
(SR}
o
.‘E' y=-0.0728x + 8.6428
g 4 R2=0.9954
E
D
@ 3
e
T e
5 . . . 4
1
30 32 34 36 38 40 42 44 46 48 50

Tén sb (Hz)

Hinh 7: Hé s6 lam viéc COP cua hé théng Chiller phu thudc vao tan sé ciia bom

Binh ngwng

Nwéce gidi nhiét ra

MNT  MN2
O KO A
vTLl [Tz

Nuéece lanh ra

Binh béc hoi

Hinh 8: So d6 cua hé théng Chiller clia khach san Palace

Nuwéc lanh vao

Nwéce giai nhiét vao
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Hinh 9: Hién trang ldp dat hé théng Chiller tai Khach san Palace

Ung dung bién tan vao diéu khién bom
nuéc lanh binh bay hoi va nuéc giai nhiét
binh ngung

Sau nhiing khao sat va phén tich néu trén, cdc bién
tan (Inverter) da dugc lap dit cho cac dong co bom
nudc lanh va cac dong co bom nuéde giai nhiét két hgp
vGi mot bo diéu khién tu dong c6 lap trinh PLC (Pro-
grammable Logic Controller). Cu thé la:

e Lip 4 bo bién tan cho 2 bom nudc lanh (mdi bom
cdng sudt 20 HP) va 2 bom nudc gidi nhiét (moi bom
cong sudt 15 HP) ctia hé thong lanh Water Chiller.

o Lip hé théng diéu khién tu dong c6 1ap trinh (PLC)
cho hé thong lanh Water Chiller.

Hinh 10 thé hién so d6 hé théng tu dong héa stt dung
bién tan cho hé théng lanh Water Chiller da dugc lap
dat tai khach san Palace. D6i v6i ca hai cum binh bdc
hoi va binh ngung, tin hiéu nhiét d¢ ddu vao va dau
ra ctia chét tai lanh hodc nudc giai nhiét (At) dugc
sti dung dé€ diéu khién van tdc vong ctia cac bom, tit
d6 diéu khién luu lugng nudc lanh di qua binh béc
hoi hodc luu lugng nudc gidi nhiét di qua binh ngung.
Nhu vay van t6¢ ctia cac bom sé dugc diéu khién sao
cho ludn phit hgp véi phu tai lanh thuc t€ (d6i véi cum
binh b&c hoi) hodc phtt hgp véinhu cdu gidi nhiét (461
v6i cum binh ngung) tai tiing thoi diém. Diéu nay la
diém méu chét dem lai hiéu qua tiét kiém nang lugng
cho cdc bom.

Hinh 11 thé€ hién hinh Bién tin va bo PLC (& goc trén
phia phai trong Hinh) da dugc lp dit cho hé théng

Chiller tai khach san Palace.

Hinh 12 trinh bay so d6 nguyén ly st dung bién tin
dé diéu khién luu lugng nudc vao binh ngung theo
phu tai nhiét. Khi nhiét d¢ nuéc vao binh ngung ting
do nhiét do moi trudng ting hay nhiét do chénh léch
gilia nudc vao va ra binh ngung tang do tai nhiét hé
thong ting, bd do nhiét do T sé ghi nhén su thay d6i
nay va dua tin hiéu vé bo bién tan dé€ diéu khién ting
tan s6 nham tang luu lugng ctia bom nudc giai nhiét
vao binh ngung, ti d6 ting cdng suit giai nhiét cho
binh ngung. Va ngugc lai, khi nhiét d6 nudc vao binh
ngung giam hay d6 chénh léch nudc vao / ra binh
ngung gidm, bd do nhiét do T sé dua tin hiéu vé bién
tan d€ giam t4n s6 nham giam cong sudt va luu lugng
bom, qua d6 tiét kiém dugc dién nang tiéu thu cua
bom. Nguyén ly va so d6 st dung bién tin dé diéu
khién bom nuédc lanh ctia binh bay hoi ciing dugc
thuc hién tuong tu nhu trén.

Hinh 13 trinh bay ma tran diéu khién luu lugng bom
nudc gidi nhiét binh ngung theo nhiét d6 nuéc vao
binh ngung va hiéu nhiét d6 nudc vao / ra binh ngung.
Ma trén nay dugc lap trinh trong bo diéu khién PLC
nham dua tin hiéu diéu khién bién tdn. Vi duy, khi
nhiét do nude vao binh ngung la 319C va chénh léch
nhiét 6 nudc vao / ra binh ngung 1a 3°C, khi d6 chi
can 16% luu lugng cua bom d€ gidi nhiét cho binh
ngung, ing vdi viéc chi can chay 1 bom & tdn s6 31 Hz.
Khi nhiét d6 nudc vao binh ngung 1a 31°C va chénh
lech nhiét 6 nudc vao / ra binh ngung la 5°C hay khi
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Hinh 10: So d6 I4p bién tan dé diéu khién bom nudc lanh va bon nudc gidi nhiét

Hinh 11: Bién tan va bo PLC da dugc I3p dat cho hé théng Chiller
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Nwérc giadi nhiét

Quatthap

giai nhigt »

Binh ngwng

I Binhchira

Hoi Léng
Tacnhan lanh

MO

Sk

Thapgiai
nhiét

Bom giai nhiét

Bién tin

Hinh 12: So d6 nguyén Iy st dung bién tan dé diéu khién luu lugng nudc vao binh ngung

. D6 chénh nhigt 46 At, = t,, - 1,1, (°C)

7
66% 83% | 100% | 100% | 100% | 100%
6
50% 66% 83% | 100% | 100% | 100%
5
33% 50% 66% 83% | 100% | 100%
4
16% 33% 50% 66% 83% | 100%
3
10% 16% 33% 50% 66% 83%
2
10% 16% 16% 33% 50% 66%
31 32 33 34 35 36
Nhiét dé t,, (°C)
Biéu khién bién tan:
16% (rng v&i: Bom 1 chay 31Hz 66%

33% (rng v&i: Bom 1 chay 40Hz
50% (rng v&i: Bom 1 chay 50Hz

rng v&i: Bom 1 chay 50Hz + Bom 2 chay 31Hz
83% 1rng v&i: Bom 1 chay 50Hz + Bom 2 chay 40Hz
100% (rng v&i: Bom 1 chay 50Hz + Bom 2 chay S0Hz

Hinh 13: Ma tran diéu khién luu lugng bom nudc giéi nhiét binh ngung
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nhiét 6 nudc vao binh ngung 1a 34°C va chénh léch
nhiét d nudc vao / ra binh ngung 1a 2°C, khi d6 cin
33% luu lugng ctia bom d€ gidi nhiét cho binh ngung,
ung véi viéc chi cin chay 1 bom 6 tin s6 40 Hz. Cu
tiép tuc nhu vdy cho dén khi cn 100% luu lugng ctia
bom, tuong ting véi viéc cin chay 2 bom & tin s6 50
Hz € dat ché d¢ déy tdi. Mot ma tran tuong tu cling
dugc lap cho phia bom nuéc lanh ctia binh bay hoi dé
dua vao bo PLC nham diéu khién tan s6 va luu lugng
bom nudc lanh.

Két qua dat duoc

Bang 6 va Bang 7 dudi day trinh bay lan lugt dién
nédng tiéu thu trung binh tiing phong trudc va sau khi
lap bién tan cho hé thong Chiller. Trong cot ghi chu,
nhiing ngay c¢6 danh (*) la nhiing ngay c6 st dung
phong hop va c6 tiéc cudi

Két qua ti 2 Bang nay cho thdy dién ning tiéu thu
trung binh cho méi phong khéch san trudc va sau khi
lap bién tan cho hé théng Chiller lan lugt 1a 3,586
kWh/phong/ngay va 3,074 kWh/phong/ngay. Nhu
vay bién tan da giup tiét kiém dugc 15,37% dién ning
tiéu thu cho hé thong Chiller ctia khach san Palace.
Néu ldy gia tién dién trung binh ma Khach san phai tra
12 2.666 VND/kWh thi viéc ldp bién tin nay da giap
khéch san tiét kiém dugc s6 tién dién moi ndm la:
(2.000 KWh/ngay x 2 666 VND/kWh x 15,37%) x 365
ngay = 299.127.866 VND

Khéch san dau tu hé thong bién tdn nay hét tong cong
250 triéu VND, nhu vay thoi gian hoan vén cho hé
théng nay la 0,83 nam hay 10 théng.

Tinh vé hiéu qua moi trudng hé thong nay dem lai:

e Tinh toan lugng phat thai khi CO; : 1 kWh dién
tuong ting véi 0,305kg khi CO; thai ra méi trudng.
S6 kWh dién tiét gidm dugc trong mdt nam sau khi
lap hé théng bién tan:

2.000 KWh/ngay x 365 ngay/ndm x 15,37% = 112.201
kWh/nim

Véy hang ndm tiét giam dugc lugng khi CO, thai ra
moi trudng la:

112.201 Wh/nim x 0,305 kg CO2 /kWh = 34 221 kg
CO2/ndm

KET LUAN

Nghién ctiu nay da phan tich va danh gia tac dong ctia
viéc sti dung bién tdn cho bom nudc lanh dén hiéu
sudt ctia hé thong Chiller. Két qua thuc nghiém cho
thdy khi gidm tidn s6 ctia bom nudc lanh, hé s6 lam
viéc (COP) ctia hé théng Chiller ting lén déng ké. Cu
thé, khi tan s6 gidm tit 50Hz xudng 30Hz, COP ting
ti 1,987 lén 2,451, tuong ting v6i muic tang 23,4%.
Céc tinh toan ly thuyét ciing khing dinh xu huéng
nay, v6i COP ly thuyét tai tdn s6 30Hz dat 6,421, cao

hon nhiéu so v6i COP thuc nghiém. Su khdc biét gitia
két qua thuc nghiém va ly thuyét cha yéu do cac diéu
kién thuyc nghiém khong hoan toan ly tuéng.

Viéc ting dung bién tan vao hé thong Chiller tai khach
san Palace TP. H6 Chi Minh da chiing minh hiéu
qua tiét kiém nang lugng ding ké, gidm tiéu thu dién
nang trung binh ti 3,586 kWh/phong/ngay xudng
con 3,074 kWh/phong/ngay, tuong ting véi muc tiét
kiém 15,37%. Diéu nay khong chi gitp tiét kiém chi
phi van hanh ma con gép phén giam lugng khi CO2
thai ra moi truong, véi lugng khi CO; tiét giam hang
ndm lén dén 34.221 kg.

Nhu véy, viéc st dung bién tdn cho bom nudc lanh
trong hé thong Chiller khong chi céi thién hiéu suat
ning lugng ma con mang lai lgi ich kinh t&€ va moi
trudng, phu hgp véi xu hudng phat trién bén viing.
Nhiing két qua nay c6 thé dugc dp dung rong rai trong
céc toa nha cao ting va cac khu vyc c6 nhu ciu lam
mat 16n, dic biét la trong bdi canh cac nd luc giam
phat thai carbon va tiét kiém ning lugng ngay cang
dugc quan tam.

XUNG POT LO1iCH

Nhoém téc gia cam két khong c6 xung dot vé lgi ich
nao vé toan b noi dung trong bai béo.

PONG GOP CUA CACTACGIA

Nguyén Thé Bao: thyc hién phan thuc nghiém tai ndi
dung Phén 4; xt 1y s6 liéu, viét va chinh stra ban thao
ctia toan bai bao. Lé Tan Phét: thuc nghiém va tinh
toan ly thuyét Phan 2 va 3.
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Bang 6: Dién nang tiéu thu do dac dugc trudc khi lap bién tan cho Chiller

Ngay thdng do dac S6 phong trung binh Sudt tiéu hao trung binh  Ghicha
(phong/ngay) (kWh/phong/ngay)

31/03 17,70 4,450 *
01/04 18,50 3,980

02/04 30,50 2,724 *
03/04 28,40 2,590

04/04 32,60 2,363 *
05/04 25,33 3,245

06/04 20,46 4,310 *
07/04 21,25 5,116 *
08/04 22,30 3,500

Trung binh 24,12 3,586

Bang 7: Dién nang tiéu thu do dac dugc sau khi lap bién tan cho Chiller

Ngay thang do dac S6 phong trung binh Sudt tiéu hao trung binh  Ghichu
(phong/ngay) (kWh/phong/ngay)

04/07 29,60 2,710 *
05/07 34,89 2,410 *
06/07 23,41 3,430

07/07 16,29 4,450

08/07 27,50 2,530

09/07 25,80 2,690 *
10/07 25,71 3,310 *
11/07 20,77 3,470 *
12/07 25,43 2,670 *
Trung binh 25,48 3,074
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Application of frequency inverter in pump control to increase
Chiller system efficiency: Theoretical research, experiment and
practical implementation in Vietham

Nguyen The Bao'?"*, Le Tan Phat'2

ABSTRACT

This paper presents the results of using frequency converters for chilled water pumps to improve
the efficiency of the Chiller system. Through experiments conducted on the Chiller system at Ho
Chi Minh City University of Technology, the results show that when reducing the power frequency
supplied to the pump, the coefficient of efficiency (COP) of the Chiller system increases significantly,
from COP = 1.987 at 50Hz to COP = 2.451 at 30Hz, corresponding to an increase of 23.4%. Theo-
retical calculations also confirm this trend with the theoretical COP at 30Hz reaching 6.421, while
this coefficient at 50Hz is COP = 4.977, which is an increase of about 29% when changing the fre-
quency from 50Hz to 30Hz. In addition, the experimental results of applying inverters to the actual
chiller water pump and cooling pump system at the Palace Hotel in Ho Chi Minh City showed that
the average power consumption decreased from 3.586 kWh/room/day to 3.074 kWh/room/day,
corresponding to a savings of 15.37%. The results showed that the reduction in average power
consumption not only helps save operating costs but also reduces the amount of CO2 emitted
into the environment, in line with the trend of sustainable development. This study shows a great
potential in applying inverter technology to old Chiller systems that do not use inverters to save
energy without having to invest in purchasing an entire new Chiller system.

Key words: Inverter (VSD), Chiller system, Chilled water pump, Energy efficiency (COP), Energy
saving
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