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TOM TAT

Nghién citu ddnh gid dnh hiedng ciia cac théng sé van hanh nhw tan sé bom va toc do quat
AHU dén hiéu sudt hé thong chiller, nham t6i wu héa hé sé hiéu qua COP. Pong thoi, nghién ciru
xem xét tac ddng moi truong bang cach cudng bire thay doi diéu kién xung quanh dan ngung thong
qua phwong phdp phun swong truec tiép. Quy trinh thire nghiém bao gom: gidm tan sé bom tir 50 Hz
xuong 30 Hz, ha lweu lwong gié qua AHU tir 2000 L/s xuong 1600 L/s bang cach giam téc do quat,
va phun swong vao khéng khi truée dan ngung. Két qud cho thdy khi giam tan sé bom sé lam ting
do chénh nhiét do tai dan bay hoi, qua do cai thien COP. Tuy nhién, giam téc do quat lam giam
hiéu sudt trao doi nhiét, khién mede lanh hoi vé nong hon, dan dén chiller van hanh ¢ ché d giam
tai va COP giam nhe. Ngoal ra, phuong an phun swong truoc dan ngung giup giam nhiét do khong
khi sau dan, tir d6 han ché tac déng tiéu cuc den méi trieong. Két qua thwe nghiém phit hop véi xu
huwong cua mo phong ly thuyet di gid tri thue té thap hon do diéu kién thuc khéng 1y tu’(mg Nghién
citu cho thdy tiém ndng tiét kiém nang lu"O’ng ddng ké khi diéu chinh hop ly cac thong so van hanh
chiller. Phwong phdp nay duwoe dé xudt nhw mot gidi phép kha thi nham ndng cao hiéu qud ndng
lieong cho cdc hé thong HVAC trong tuwong lai.

T khéa: Water chiller; COP; Tan s6 bom; Toc dg quat AHU; Gidi nhiét phun swong.
ABSTRACT

The study evaluates the impact of operating parameters such as pump frequency and
AHU fan speed on the performance of a chiller system, intending to optimize the coefficient of
performance (COP). At the same time, it considers environmental effects by actively altering the
conditions around the condenser through a direct water-spray method. The experimental procedure
included reducing the pump frequency from 50 Hz to 30 Hz, lowering the airflow rate through
the AHU from 2000 L/s to 1600 L/s by decreasing fan speed, and spraying water mist into the air
before the condenser. Results show that lowering the pump frequency increases the temperature
difference across the evaporator, thereby improving COP. However, reducing fan speed decreases

heat transfer efficiency, causing higher chilled-water return temperature and leading the chiller &
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to operate under partial load, slightly reducing COP. In addition, spraying water mist before
the condenser lowers the air temperature after the coil, thus mitigating negative environmental
impacts. The experimental results align with theoretical simulation trends, although actual values
are lower due to non-ideal conditions. The study demonstrates significant energy-saving potential
when chiller operating parameters are properly adjusted and proposes this method as a feasible
solution for improving energy efficiency in future HVAC systems.

Keywords: Water chiller; Coefficient of Performance (COP); Pump frequency, AHU fan

speed; Spray cooling (condenser mist cooling).
1. GIOI THIEU

Trong bdi canh nhu ciu ning luong
va lugng khi thai carbon toan clu, cac toa nha
chiém ti 1& kha 16n, trong d6 hé théng HVAC
dong gop mot nura luong tiéu thu nay. So véi
viéc trang bi thém hé thong trén dién rong, viéc
du doan chinh xac nhu cau ning lugng va xay
dung chién lugc van hanh hop 1y cho hé thong
lam mét dua trén thiét bi hién c6 ¢ thé tiét kiem
nang lugng vai chi phi hiéu qua hon. Trong h¢
thdng 1am mat cua cac tda nha thuong mai hodc
cin ho 16n, chiller thuong tiéu thu nhiéu ning
luong hon so vé&i cac thiét bi khac nhu thap
giai nhiét va bom, chiém trén 40% tong ning
lugng tiéu thu cua nha may lam mat. Do do,
cac nghién ciru gan day ngay cang tap trung
vao viéc téi wu hoa kha nang van hanh dé timra
cac thong s6 hoat dong phit hop va tdi wu thiét
bi 1am lanh dé cai thién hiéu qua ciing nhu tiét
kiém ning luong. Nguyén Dinh Vinh cling cac
cong su di co nhimg nghién ctru giai phap tiét
kiém ning lugng cho hé thong diéu hoa khong
khi chiller bang phuong phap phan phéi phu tai
t6i wu [1], phuong phép t6i wu hoa dé van hanh
hé théng lanh trung tdm chiller [2] va t6i wu hoa
ché d06 van hanh hé théng lanh trung tam chiller
¢6 luu lugng nuée thay doi [3].

Yixing Chen nghién ctru t6i wu hoa

hoat dong cia nha may lam lanh da chuc nang
dua trén mo phong hi¢u suat nang lugng [4].

Zhiyang Jia va cac cong sy da dua ra phuong
phap lya chon ciu hinh cong suat manh mé cua
hé thong nhiéu may 1am lanh lién quan dén sy
khong chac chan ciia hd so tai hang gio, hang
nam [5]. Yiqun Zhu tim hiéu va dua ra chién
luoc kiém soat tién tién dé tdi wu hoa trang thai
hoat dong cuia may lam lanh véi cong nghé luu
trir lanh trong trung tam dit liéu [6]. Shaobo Sun
dua ra mot chién lugc kiém soat trinh tu manh
mé tryc tuyén cho cac may lam lanh gidng
hét nhau st dung phuong phap xac suit lién
quan dén su khong chic chan vé phép do luu
lugng [7]. Si Wu danh gia hiéu suat 1am lanh
theo mua béng cach sir dung dir liéu van hanh
[8]. Pawel Olszewski phan tich thyc nghiém
vé may lam lanh cong nghiép diéu khién bang
bién tin va ON/OFF hudng téi hoat dong tiét
kiém nang lugng [9]. Syed A. Tirmizi phan
tich hiéu suat cta hé théng nudc lanh véi nhiéu
so d6 bom khac nhau [10]. J.A. Borja-Conde
da nghién ctru quan 1y hiéu qua cac hé thong
HVAC thong qua hoat dong phdi hop cua cac
don vi lam lanh song song: mt phuong phap
kiém soat du doan kinh té [11]. Kun He t6i vu
hoa kiém soat du doan ciia nha may lam lanh
dua trén hoc ting cudng sau [12]. E.W. Yu tdi
vu hoa hé théng 1am lanh nude voi diéu khién
tbc do dua trén tai [13].

Qua cac nghién ctru trén cho thiy viéc
toi uvu hoa kha nang van hanh deé tiét kiém nang
lugng cho h¢ thong lanh nhan duogc sy quan
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tam rat 16n cua cac nha nghién ctru. Do do, bai
bdo nay tap trung nghién ctru danh gia thuc
nghiém duya trén sy thay ddi tan sé bom nude
lanh ciing nhu thay d6i toc d6 quay cua quat
AHU & danh gia hiéu qua niang luong, cling
nhu thoi gian van hanh on dinh cua hé théng
water chiller thuc té.

2. PHUONG PHAP NGHIEN CUU
2.1. Co s Iy thuyét

2.1.1. Théi gian vin hanh én dinh ciia water
chiller gidai nhiét gio

Ché d6 van hanh 6n dinh cia water
chiller giai nhiét gi6 1a trang thai ma cac thong
sO van hanh chinh 1a nhiét d6 khong khi cap,
nhi¢t do dong suong, nhi¢t do nudc ra khoi
water chiller duy tri & muc 6n dinh va it bién
dong. Thoi gian dé dat trang thai nay dugc goi
1a thoi gian 6n dinh, 1a mot chi sé quan trong
danh gia hiéu qua khéi dong va kha nang phan
tmg cua hé théng trude cac thay doi vé diéu
kién khong khi bén ngoai.

2.1.2. Xdc dinh hiéu quda van hanh ciia hé
théng water chiller khi thay déi bién tin bom

Ning suat lanh:
Q=G xC *xAT (1)

Hiéu qua str dung ning lrong ctia hé théng:

EER=% @)

Ning suat giai nhiét ctia dan ngung:

Q =G, xAl_ 3)
COP cua chiller:

Qo
COP= —

W (4)
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2.1.3. Xdc dinh sw tic dpng khi thay déi luu
lwong gio qua AHU dén hé thong water chiller

Nhiét 6 khong khi trong budng hoa tron:

=1, % a+(l—a)><tphc,,ng )

hoa tron
Enthalpy ciia khong khi trong budng
hoa tron:
_ LoaXToa~ Linsi X Ina:

Iix 3 (6)
Ning suat lanh AHU:
QAHU= G x (Ihoa tron ISA) (7

2.2. M6 hinh thuc nghiém

Hé théng water chiller giai nhiét gi6
model CGATO085 nhu hinh 1 véi ning suét
lanh 25,3 kW, sir dung moi chét lanh R407C
va nguodn dién 380-450/3/50 do hiang Trane san
xuat, duge lép dat tai BO mon Cong nghé Nhiét
Lanh, Truong Pai hoc Bach Khoa — PHQG
TP. H5 Chi Minh. Méy nén 1a loai xoén dc kin,
dan bay hoi dang tdm, dan ngung tu 6ng canh
két hop van tiét luu nhiét. Quat dan ngung la
loai hudng truc voi luu lugng gido 5768 cfim
(2722 1/s), cong suat dong co 320 W. Toan bd
hé théng c6 kich thude 1050x950x1080 mm
va khi luong 204 kg, dap tmg co ban cac tiéu
chuan dé tién hanh thi nghiém.

Hinh 1. Hé thong water chiller
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Dung cu do:
- My do toc do gi6 Testo 416 = 0,1 m/s;

- May do nhiét do dataloger Extech
SDL200, £+ 0,1°C;

- Thiét bj Airflow TSI EBT721: Po luu
lwong, ap suét, nhiét do, am do, + 3%;

- Hé thong do luong tich hop trén hé
thong (bao gom cam bién va phan mém giam
sat).

C& mau va phuong phép thu thap dit
liéu: Moi truong hop thir nghiém duoc lap lai 3
lan dé dam bao tinh lap lai va do tin cay cua dir
liu.

Pham vi thi nghiém:
« Ché d cai dat:

- Nhiét d6 gi6 cap: 22°C;
- Nhiét do dong suong: 18°C.

» Khdo sat thoi gian van hanh on dinh
cua hé thong qua 3 ché do lam viéc:

- Ché d6 1: Giai nhiét bang khong khi
tan s6 bom 50 Hz;

- Ché d6 2: Giai nhiét bang khong khi
tan s6 bom 40 Hz;

- Ché d6 3: Giai nhiét bang khong khi
phun swong tan s6 bom 50 Hz.

« Thay d6i tan sé bom nudc cip: 50Hz,
45hz, 40Hz, 35Hz, 30Hz.

« Luu luong gi6 cip qua AHU: 2000
m?/h, 1800 m*/h, 1700 m?/h, 1600 m*/h.

3. KET QUA VA THAO LUAN

3.1. Xac dinh théi gian van hanh 6n dinh cia
hé thong
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Hinh 2. Théng sé thuwe nghiém ché do 1

Hinh 2 trinh bay sy thay doi cua céc
thong s6 van hanh cua ché d6 1, véi méi truong
bén ngoai ban dau c6 nhiét 6 34,5°C va 6 am
58,8%, nhiét do nudc ra khoi chiller gidam tur
29.4°C xubng 15,6°C sau 30 phat van hanh va
on dinh ¢ 15,6-13,7°C. Nhiét d6 khong khi cap
giam tir 26,5°C xudng 22°C.
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Hinh 3. Thong 56 thuc nghiém ché do 2
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Hinh 4. Thong 56 thuc nghiém ché do 3
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O ché d6 2 trén hinh 3 cho thiy nudc ra
khoi chiller giam tir 26,7°C xudng 12,7°C sau
30 phut; khong khi cép giam tir 26°C xudng
21,7°C sau 25 phut; Trén hinh 4, sy thay d6i
cua céc thong s6 van hanh cua ché d6 3, nudc
ra khoi chiller giam tr 30,5°C xuéng 15,1°C
va on dinh sau 25 phut; khong khi cap giam tir
27,7°C xudng 22,8°C va 6n dinh ¢ 23,4-22,8°C
sau 25 phut.

.
e Beasgtyn
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Hinh 5. So sanh nhiét do khong khi trucce va sau
dan ngung cua ché do 1 va 3

Hinh 5 cho thdy anh huong 16 rét cta
phun swong dén hiéu qua van hanh ciia water
chiller. Khi giai nhiét dan ngung bang khong
khi kho, nhiét d6 trudc va sau déu cao hon so
v6i khi phun suong, budc hé théng lam viéc
& ap sudt ngung tu 16n, dan dén tiéu thy ning
luong va phat thai nhiét nhiéu hon. Nguoc lai,
khi phun suong lam gidm nhiét d§ khong khi
khoang 5°C so v6i moi trudng, hé thong dat
hiéu suét cao hon, giam tai cho may nén va

giam luong nhiét thai ra moi truong. Két qua
thue nghiém chi ra rang & ché do 3, du nhiét
d6 ngoai troi cao nhat (35°C), hé théng van dat
trang thai on dinh sau 20-25 phut, nhanh hon
5-10 phut so v6i ché do 1 (50 Hz) va ché do 2
(40 Hz). Phun suong da ching minh hiéu qua
trong viéc tang cuong trao doi nhiét cudng birc
tai dan ngung, rat ngan thoi gian 6n dinh va tiét
kiém nang luong cho hé thong.

3.2. Anh huéng ciia bom bién tin dén hé
thong

Dua vao Bang 1 ¢ thé thiy, khi giam
tan s6 bom tir 50 Hz xubéng 30 Hz, nhiét do
nude ra c6 xu hudng giam tir 15,3°C xudng con
12,8°C, cho thay kha ning lam lanh duoc cai
thién. Tuy nhién, luu lugng nudc cling giam
manh tir 101,9 lit/phut xudng 68,6 lit/phut, kéo
theo nang suét lanh tr 17,1 kW 1én muc cao
nhat 23,4 kW & 35 Hz rdi giam nhe con 20,3
kW ¢ 30 Hz. Dién ndng tiéu thy gidm déang
ké tir 11,25 kW (50 Hz) xubng 9,46 kW (30
Hz), phan anh xu huéng tiét kiém ning lugng
khi van hanh ¢ tan s6 thip hon. Hiéu qua ning
luong EER tang tir 1,71 ¢ 50 Hz Ién 2,15 ¢ 30
Hz, ching minh hé thong hoat dong hiéu qua
hon khi t6i vu tan s6 bom. Nhin chung, dir li¢u
bang cho thiy giam tan s6 bom khong chi tiét
ki€ém dién ma con nang cao hi¢u qua trao doi
nhiét.

Bang 1. Hiéu qua sir dung nang lwong hé thong chiller sir dung bom bién tan

Tan sé | Nhiétdd | Nhiétdd | AT | Luulweng | Ning suat | Pién ning titu | Hiéu qué ning
bom | nuwéc vao | nwée ra | Nude nuweéc lanh thu lwgng EER
(hz) O O O (I/ph) kW) (kW)

50 18 15,3 2,7 101,9 19,17 11,227 1,71
45 17,8 14,6 3,2 91,5 20,41 10,168 2,01
40 17,6 14,1 3,5 80,6 19,66 9,912 1,98
35 17,5 13,4 4,1 71,3 20,38 9,735 2,09
30 17,4 12,6 4,8 60,8 20,34 9,476 2,15
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Két qua phan tich trén bang 2 cho thay, COP cua chiller duoc cai thién. Khi thay ddi tan s6
bom tir 50 Hz xuéng 45 Hz, COP cua chiller tang tir 2,13 1én 2,41, tuong (rng mrc cai thién +13,3%,
cho théy hiéu suét hé théng duoc nang cao 16 rét. O 40 Hz, COP giam nhe xuéng 2,15, gﬁn nhu
khong thay d6i nhidu so v6i muc ban dau (+0,9%). Tai 35 Hz, COP dat 2,23, ting 4,7% so véi 50
Hz, con ¢ 30 Hz COP dat 2,21, ting 3,8%. Nhu vay, dit liéu chimg minh rang viéc diéu chinh tan sd
bom hop ly, dac biét & 45 Hz, c6 thé toi wu hiéu qua nang lugng cho chiller.

Bdng 2. Két qua tinh toan COP ciia chiller sir dung bom bién tan

Tin s6 bom | Entanpi vao | Entanpira = Ning suit Cong nén | COP Chiller % CO}’
gidi nhiét thay doi
(hz) (kJ/kg) (kJ/kg) (kW) (kW)
50 89,545 99,229 28,17 9 2,13 0%
45 89,569 99,178 28,87 8,46 2,41 +13,3%
40 89,521 99,178 29,93 9,06 2,15 +0,9%
35 89,569 99,204 29,53 9,15 2,23 +4,7%
30 89,569 99,204 29,53 9,19 2,21 +3,8%

3.3. Anh huéng cia lwu lwong gié qua AHU
dén hé thong

Bdng 3. Két qua tinh todn nang sudt lanh AHU
theo tung muec luu luong gio

Luwu Nhiét Nang
Luu R . A

luwgng do Entanpi suat
. lwong R | N

gioqua | " & hoa | hoatron | lanh
AHU | 8 tron AHU
(m*h) | (m*h) | (°C) (kl/kg) (kW)
2000 1300 30,2 74,35 7,434
1800 1320 29,2 72,41 7,05
1700 1502 27,4 68,92 6,618
1600 1467 27 68,14 6,474

Tir két qua tinh toan trong bang 3 trén,
c6 thé thay khi giam luu luong gié qua coil
lanh, hi¢u qua trao ddi nhiét tang do van tde gio
giam, lam tang thoi gian tiép xuc gitra khong
khi va bé mat coil. Piéu nay dan dén nhiét do
gi6 sau coil giam dan khi luu luong gié giam
tir 2000 m*h xudng 1600 m*/h, ning suét lanh

AHU ciing giam tir 7,434 kW xudng con 6,474
kW. Su thay d6i nay cho thay nang suét lanh ty
1¢ thuan véi luu lugng gi6 cap, dong thoi nhiét
do va entanpi hoa tron cling giam nhe theo xu
huéng twong Gmg. Nhu véy, viéc diéu chinh luu
luong gi6 anh hudng truc tiép dén hiéu qua lam
lanh cua AHU.

4. KET LUAN

Nghién ctru di chi ra cac thong sé van
hanh nhu nhiét do moéi truong, gié cap va diém
dong suwong déu anh hudng rd rét dén thoi gian
hé thong Water Chiller dat trang thai 6n dinh.
Trong d6, ché do phun swong (ché do 3) cho
thay wu thé khi rat ngan thoi gian 6n dinh xudng
con 20-25 phit nhd ting cudng trao doi nhiét
cudng buc, ngay ca khi nhiét do moi truong
cao. Ngoai ra, vi¢c diéu chinh tan sb bom cling
tao ra sy khac biét: giam tir 50 Hz xuéng 40 Hz
gitip cai thién hiéu suat trao doi nhiét nhung
kéo dai thoi gian 6n dinh, trong khi dai tan s6
t1 uu tir 30-50 Hz ¢6 thé nang cao COP, tranh
tinh trang thiéu luu luong khi duéi 30 Hz.
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Bén canh d6, luu luong gié qua AHU
dugc diéu chinh bang bién tan gitp cai thién
hiéu suét 1am lanh va tiét kiém dién, tuy nhién
néu giam qua muc sé anh huong dén chat luong
vi khi hau trong phong. Do d6, giai phap téi vu
1a két hop linh hoat giira viéc tan dung nudc
ngung tir dan lanh va diéu chinh tan s6 bom,
luu lugng gid bang hé thong diéu khién thong
minh. Cach tiép can nay vira dam bao hiéu qua
nang luong, vira duy tri sy thoai mai cho nguoi
su dung, qua do tdi wu hoa hoat dong cua hé
thong chiller giai nhiét gio.

Loi cam on:

Nghién ctru nay dugc tai trg béi Truong
bai hoc Bach Khoa — PHQG-HCM trong
khuon kho dé tai ma s SVTC-2024-CK-107.
Chtng t61 xin cam on Truong Pai hoc Bach
khoa, PHQG-HCM da hd tro cho nghién ciru
nay.

« Danh muc viét tit:
G, : Luu lugng nudce chdy qua chiller, kg/s;
Cpn: Nhiét dung riéng cia nudce, kl/kg,K;
AT : D9 nhi€t d0 nudc vao va ra khoi chiller,
OC;
P: Dién nang tiéu thy;
G,,: Luu lwong khong khi qua dan ngung;
AL, : Chénh Iéch entanpi truGc va sau dan
ngung;
W: Cong cuia may nén;
t,,: Nhigt do ngog‘li troi, don vi °C;
a: Ti 1€ gi6 tuoi o1 voi luu luong gi6 qua AHU;
L., ..,: Entanpi ctia khong khi hoa tron, kJ/kg;
L,,: Luu lugng gio tuoi, d@ Vi ¥n3/s;
I .;: Entanpi cua khong khi hoi vé, kl/kg;
L, Luu luong gio hoi vé, m¥/s;
L: Luu lugng gi6 qua AHU, m?¥/s;
Q, ;- Nang suat lanh AHU, kW;
G: Luu lugng khong khi qua AHU (m?/s);
I,,: Entanpi cua khong khi cap, kl/kg.
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» Xung 4ot loi ich:

Nhém téc gia xin cam doan rang khong
c6 bat ky xung dot loi ich nao trong cong bo bai
bao.

* Dong gop cua cac tac gia:

Phan Thanh Nhan dé xuit y tuong
nghién cuu, xay dung ké hoach thi nghiém,
thao luan phuong phap, chinh stra va kiém tra
cac mo hinh toan va ddng thoi chiu trach nhiém
vé n6i dung bai béo.

Nguyén Chi Khanh, Lé Nhat Quang,
bang Thé Vinh tham gia thyc hién thi nghiém,
thu thap dir liéu, phan tich két qua va dé xuat
cac phuong an t6i uu hé thdng ning luong phu
hop. %
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