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Tom tit: Muwoi nam gan day, si phéat trién cua Chiller Iy tam dém tir 1a cugc céch
mang tiét kiém ndng lwong trong linh vuc Lanh va Diéu hda khong khi. Chiller ly
tam dém tir da loai bé cdng nghé vong bi va ddu béi tron lam giam hiéu sudt ning
lirong May nén va chi sé hiéu qud 1am lgnh Chiller. Siz dung Chiller Iy tam dém tir
khong dau c6 chi sé IPLV >10 kW/kW cho cac hé thong PHKK chay non tdi
nhiéu gio ¢ diéu kién khi hgu Viéet Nam c6 thé dem Igi hiéu qua sir dung ndng
lirong cao hon 35%+50% chiller c6 dau trude day.

Summary: Ten years ago, Development of Magnetic bearing centrifugal Chiller is
revolutionary energy savings in the field of Refrigeration and Air conditioning.
Oil-less Centrifugal Chiller was removed from technology bearings and
lubrication reduces energy efficiency compressor and cooling efficiency index
Chiller. Using Oil-less Magnetic Bearing Centrifugal Chiller with index IPLV
>10 kW / kW for the HVAC system run- pard load hours in Vietnam climatic
conditions can bring energy efficiency higher than 35% + 50% lubricated chillers
ago.

1.CHI SO HIEU QUA LAM LANH CHILLER

Theo [1] chi s hiéu qua lam lanh COP (Coefficient of Performance) & 100% tai ciia cac
loai chiller(may lam lanh nudc) sa dung may nen ly tdm, truc vit va scroll hién nay duoc
danh gid nhu sau:

- Chiller ly tam giai nhiét nuéc COP = 6,0+7,18 kW/kW, cao hon COP Chiller truc vit
giai nhiét nuoc(4,96+5,77 KW/kW) khoang 20%.

- COP chiller truc vit giai nhiét nuéc cao hon COP Chiller truc vit giai nhiét gio
(2,93+3,18 kW/KW) khoang 70%.

- COP chiller Scroll giai nhiét nuéc COP= 4,5+4,55 kW/kW, cao hon COP Chiller scroll
giai nhiét gio (3,1+3,38 kW/kW) khoang 40%

- Chiller ly tdm giai nhiét nuéc c6 COP cao gap 2 lan COP chiller scroll giai nhiét gi6 do
khi tinh COP chiller giai nhiét nudc khong tinh tiéu thu dién ctia bom va quat thap giai
nhiét , nhung COP chiller giai nhiét gio da tinh tiéu thy dién quat lam mat dan ngung



2. CHILLER LY TAM CO DAU VA KHONG CO DAU
2.1 .Chiller ly tam vong bi
Hién nay phan 16n Chiller ly tim déu sir dung gbi d& truc kiéu vong bi nén phai c6 dau
bbi tron hoa tan trong moi chat lanh. Do ma sét va ciu tao vong bi nén téc do may nén ly
tam bi han ché , sau thoi gian van hanh dau boi tron bi phan hay 1am bién chat méi chat
lanh va nhidm ban bé mat trao ddi nhiét, gy hu hong cach dién dong co . Khi hoa tan
3,56% dau trong moi chat lanh s& gay ton that nang luong khoang 8%. Tat ca cac loai
Chiller sir dung gdi d& kiéu vong bi va dau boi tron hién nay c6 COP khéng qué 7,8
kKW/KW & 100% tai.

Bdng 2: Tén thdt ning Iweng Chiller do nhiém ban dau [2]

Nhi&m ban dau trong binh bay hoi Ton that nang lugng
(%) (%)
1+2 2+4
3+4 5+8
5+6 9+11
7+8 13+15

2.2. Chiller li tam dém tir
Sy phét trién cua Chiller ly tam dém tir 1a cudc cach mang tiét kiém niang luong trong
linh vuc lanh va PHKK nho 4p dung dong thoi 2 cong nghé tién tién: VSD va gbi d&
dém tir. Nho vay, chiller dém tir c6 thé chay véi tde do trén 40000 v/phut, dat chi sb
COP cao khi chay non tai va dac biét 1a khong can dau boi tron da giai thoat nhiing kho
khan khi phai boi tron vong bi trude day.
- G6i d& dém tir giir cho truc may nén tdc do cao lo ling trong khdng khi nén gan nhu
khong c6 ma sét , dong co bién tan diéu khién tbc d6 may nén 2 cip dap (ng chinh xéc
phu tai lanh hé thong DPHKK. Bang 3 cho biét ty Ié ton that niang luong caa céac loai may
nén ly tam.
- Do khdng can dau bdi tron nén hiéu suét cua bo trao d6i nhiét dugc cai thién nho viéc
loai bo dau bam dinh va cac loai khi hoa hoi nam trén bé mat trao doi nhiét.
- Po rung dong thap va khong con tiéng 6n do khdng c6 vong bi.
- Gbi d& dém tir chi tao 30% ton that ma sat so véi vong bi co khi
- Loai b chi phi cua hé théng dau boi tron (bd diéu khién,bom dau, gia nhiét dau..,)

Bdng 3:  So sanh ton thdt nang lireng cac logi may nén ly tam [2]

Cong suat dau vao Vvong Pong co | Hopsd | VFD | Céng suat dau ra
(100%) bi/dém tir % % % % %
May nén ly tam vong bi toc ]
do khong déi 100% > 42 1.0 89,8
May nén ly tm vong bi
VED 100% 5 4,7 1,0 2,4 86,9
May nén ly tdm dém tur toc 15 2.0 ) 2.0 945

d06 cao 100%
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Hinh 1. May nén ly tdm dém tur Danfoss Turbocor
- Tang tudi tho thiét bi nho loai bo hu hong vong bi, hé théng dau boi tron ..,
- Téc do méy nén cao nén kich thude va trong lwong chiller duoc thu nho.
Bang 4 gigi thiéu cac théng sb ki thuat cia may nén dém tir Danfoss Turbocor hién da
dat cong suat lanh 1230 kW (350 RT) va chiller ly tim dém tir dat cong suat trén 1000
RT khi t6 hop nhiéu may nén.
Bdng 4: Thong sé ky thudt mdy nén dém tir Turbocor [3]

) , TT300 TT350 TT400 TT500 TG310
San pham
R134a R134a R134a R134a R1234ze
Toc do tdi da (RPM) 40000 35000 29000 23000 35000
Ty s6 4p suat toi da 48 5,2 35 3,5 5,2
; Air/ water Air/ water Air/ water Air/ water Air/ water
Ap dung
cooled cooled cooled cooled cooled
Ning sut RT 60/90 90/120 120/150 160/180 60/85
lanh kW 210/315 315/420 420/525 560/630 210/297

So sanh Chiller ly tam dém tir véi Chiller truc vit vong bi (Hinh 2) c6 thé thay khi chay
non tai COP Chiller ly tdm dém tur lién tuc tang tur 5,26 1én 13,21 kW/KW , Chiller truc
vit vong bi chi ting COP dén mic 50% tai, sau d6 giam dan.

- T4t ca cac Chiller vong bi ¢4 tiéu thy dién thap nhat & mac 50+60% tai

- Chiller tryc vit vong bi VSD c6 murc tiéu thu dién thap hon Chiller toc do khong doi

- Chiller ly tam dém tir c6 muc tiéu thu dién thap nhat va giam lién tuc khi giam tai.



Comparison between TECS vs. traditional screw chiller

25%18°C 50%22°C 75%26°C 100%307C
Part Load (condenser inlet temp.)

Hinh 2. COP Chiller dém tur va Chiller truc vit vong bi [4]
Hinh 3. gidi thiéu duong tiéu thu dién (KW/RT) cia cac loai Chiller chay non tai :
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Hinh 3. Chi sé tiéu thu dién céc logi Chiller [5]

3. HIEU QUA SU DUNG CHILLER PEM TU O VIET NAM
Chiller 1i tam dém tir truée ddy chi dugc sir dung trong cdng nghé quéc phong va cong
nghiép vii tru, dén nim 2004 bit dau duoc tng dung trong thuong mai va dén nim 2011
trén thi truong di co 4 nha san xuat Chiller ly tim dém tir theo tiéu chuan ARI (Air-
conditioning & Refrigeration Institute) Standard 550/590.
3.1. Piéu kién van hanh Chiller ¢ Vigt Nam
ARI Standard 550/590 dua ra c6ng thic tinh COP trung binh nam IPLV/(Intergrated Pard
Load Value) cua Chiller 4p dung cho diéu kién khi hau Hoa Ky nhu sau :

IPLV =0,01*A + 0,42*B + 0,45*C + 0,12*D kW/kW (1)
biéu kién chay 1am lgnh: Nhiét d6 nuéc lanh di ra 70C, nhiét do nuée giai nhiét di vao
30 °C (100 % tai-A), 24 °C (75 % tai- B), 18 °C (50 % tai-C) va 18 °C (25 % tai- D).



Cong thirc (1) duoc xay dung dua trén su 1am tron va hop Iy hoa sé liéu khi hau cua 29
thanh phd trén toan lanh thd Hoa ky c6 Chiller van hanh trong 25 nim. Phuong phap xay
dung cdng thac (1) rat khoa hoc , c6 tinh thuc tién va tdng quat cho mot qudc gia nén
khong can thiét phai chinh xac cho tirng khu vuc . Theo phuong phap cua ARI, cong thic
chi s6 hiéu qua lam lanh trung binh nim 6 chdau Au ESEER ( European Seasonal
Enerergy Efficiency Ratio) c6 dang :

ESEER = 0.03*A + 0.33*B + 0.41*C + 0.23* D kW/kW (2
biéu kién chay 1am lgnh: Nhiét d6 nudc lanh di ra 7°C, nhiét d6 nudc giai nhiét di vao
30°C (100% tai-A), 26°C (75% tai- B), 22°C (50% tai-C), 18°C (25% tai- D). CAc hé sb
trong céng thic (2) khéac vai cong thic (1) thé hién su tac dong cua diéu kién khi hau
chau Au téi cong thirc tinh chi s6 hiéu qua 1am lanh trung binh nam IPLV.,
Trong thoi gian mot nam, hé théng diéu hoa khdng khi dan dung (vin phong , trung tam
thuong mai , bénh vién ..) chay day tai khdng quéa 3% sb gio hoat dong, 75+ 85% sb gio
chay & muc 50+75% tai va mirc 25% tai chiém s gid con lai tly thudc vao diéu kién khi
hau va phu tai nhiét cua ting loai céng trinh. Chinh vi vay loai may lanh c6 COP cao &
ché do chay non tai s& thuc su dem lai hiéu qua ning lugng cho hé thong PHKK.
Bang 5 cho biét diéu kién van hanh chiller theo ARI Standard 550/590 va sé liéu thong
ké nhiét d6 khong khi & Ha noi va TP Hb6 Chi Minh,c6 thé thiy su khac biét nhu sau:
- ARI quy dinh nhiét d6 khong khi lam mat dén 35°C va nudc dén 30°C .
Vao mia hé Ha noi va TP Ho chi Minh c6 nhiét d6 khong khi >35°C chiém ty trong
khoang 0,6 % va nhiét do nudc sau thap giai nhiét khong nho hon 32°C.Ty trong thoi
gian theo cac muc nhiét d6 ciing c6 su khac biét.
- ARI quy dinh nhiét do khong khi lam mét <13°C va nuéc <18°C, nhitng gid tri nay ciing
xuat hién vao mua lanh & Ha Noi nhung khac vé ty trong thoi gian(14,38%). O TP Hb
Chi Minh gan nhu khéng c6 nhiét do khdng khi <18°C (0,01%).
Hién nay, phan Ién cac nha san xuét Chiller dua ra bang tinh COP cho thi truong Viét
Nam nhiing gié tri gan dung vi diéu kién khi hau va ty trong thoi gian van hanh chiller
trong cong thirc IPLV chua duoc nghién ciu day du.

Bdng 5: Diéu kién nhiét dg ap dung cong thizc IPLV/NPLV

Téng
Nhiét d6 khong khi/nuoc
e 3] <18 <24 | <27 | <30 | <32 | <35 | <38
lam mat (°C)
Ti 18 s gio theo nhiét do
Hlesoglo 10| 450 - a0 | - - 10| - |100%
ARI Standard | khong khi (EDB) (%)
550/590 Ti I& s6 gio theo nhiét do
nuéc [am mét (ECWT) - | 1201450 | 420 - 10 | - - - | 100%
(%)
Tilesogio | Ha Noi (%) 44 1438 | 27555 | 22,51 | 19,45 | 6,97 | 4,18 | 0,56 | 100%
theo nhiét do
khong khi [6] TP HCM (%) - 0,01 6,73 | 33,86 | 3551 | 13,8 | 9,43 | 0,66 | 100 %




2.2. Pieu kign khi hdu Ha Néi
3.2.1. Chiller ly tdm vong bi
Xét trong mot nam, khi hau Ha Noi twong ddi phd hop vai diéu kién chay non tai cho
trong ARI, str dung sd liéu chay cho trong Bang 5 c6 thé tinh gié tri IPLV/NPLV(Non
Standard Pard Load Value) véi sy diéu chinh cac hé sé trong cong thic (1).
COP Chiller ly tam vong bi 550 RT thay d6i khong nhiéu khi nhiét do nudc lam mat
giam tir 32+18,33 °C, (16n hon 2°C theo diéu kién IPLV). Dya vao Bang 5 c6 thé dua ra
cong thire NPLV cho diéu kién khi hau Ha Noi :

NPLV = 0,05* A+0,49*B+0,42*C+ 0,04* D  ( KW/KW) (3)
Theo Bang 6 tinh duoc : NPLV = 7,04 kW/KW, gia tri ndy gan véi két qua tinh theo diéu
kién ARI : 7,0 KW/KW, gia tri nay cao hon COP 100% tai khoang 17% (7,04/6,03=1,17)

3.2.2. Chiller Iy tam dém tu

Su khéc biét quan trong giira Chiller dém tir va Chiller vong bi la chi s6 COP Chiller dém

tir ting nhanh khi Chiller chay non tai ¢ diéu kién nhiét d6 nudc lam mat vao binh ngung

giam tir 32°C+18°C. Dua vao cong thic (3) va Bang 7 c6 thé tinh duoc NPLV Chiller ly

tam dém tir & diéu kién khi hau Ha Noi: NPLV=12,55 kW/kW, gi4 tri nay thap hon khi

tinh theo diéu kién ARI : NPLV=13,47 kW/kW, nhung cao hon COP chiller & 100% tai
Bdng 6. Chi sé COP Chiller ly tam vong bi chay non tdi [7]

Lg)/;ad Ca%a}?lty E\\ll\?.ﬁ)_ E\\//\Z;I'FI)' E\c/)\r/]_(lj_ CL:\(;\?.?_ kW | Amps | Efficiency | COP
100 550 7 12 32 37 |3205 | 5685 0,583 6,03
75 4125 7 10,75 | 25,17 | 28,83 | 203,8 | 384,2 0,494 7,11
50 275 7 9,5 |18,33|20,78 | 134,4 | 283,7 0,489 7,19
25 137,5 7 8,25 | 18,33 19,59 | 81,1 | 209,1 0,59 5,96

khoang 80% (12,55/6,758=1,85). O diéu kién khi hau Ha Noi, d6i véi hé thong PHKK

dan dung c6 ché do chay non tai nhiéu gio trong nam, sir dung Chiller ly tim dém tir ¢6

hi¢u qua nang lugng I6n hon Chiller ly tdm vong bi khoang 70% (12,55/7,04 = 1,78).
Bdng 7: COP Chiller li tam dém tar 2110,2 kW [8]

Capacity Evaporator Evaporator | Condenser | Condenser
% Load KW ' kW in temp. °C out Temp, In Temp, Out Temp, COP
P, °C °C °C
100 2110,2 312,25 12,00 7,00 32,00 37,00 6,758
75 1582,7 160,09 10,75 7,00 24,16 27,82 9,886
50 1055,1 66,49 9,50 7,00 18,33 20,68 15,870
25 527.6 30,06 8,25 7,00 18,33 19,50 17,550

3.3. Piéu kién khi hgu TP Hé Chi Minh

3.3.1. Chiller ly tam vong bi

Trong cong thicc NPLV & diéu kién khi hau TP H6 chi Minh thuc sy chi ¢6 3 sb hang ¢
muc 100%, 75% va mirc 50% tai. Dwa vao Bang 5 c6 thé dwa ra cong thic




NPLV = 0,10*A + 0,83*B + 0,07*C KW/kW 4)
Theo Bang 6 tinh dugc NPLV = 7,0 KW/KW, gia tri nay 16n hon COP ¢ 100% tai khoang
16% (7,0/6,758=1,16) va bang gia tri NPLV tinh theo ARI.
3.3.2.Chiller Iy tam dém tur
Str dung cdng thac (3) va Bang 7 tinh cho Chiller ly tam dém tur : NPLV = 9,98 KW/KW,
gia tri nay thip hon NPLV tinh theo diéu kién ARI , nhung cao hon COP 100% tai
khoang 40% (9,98/6,758=1,47).
4. TONG HQP VA NHAN XET
Nhiing két qua trén da cho biét IPLV cua chiller , nhung khi danh gia hiéu qua ning
luong hé théng PHKK chiller can phai cong thém tiéu thu dién caa bom( nuéc lanh
,nudc giai nhiét), quat thap giai nhiét, AHU/FCU . Pé c6 thé so sanh can tinh toan COP
hé théng PHKK cho diéu kién khi hau Ha Noi nhu sau:
PAL : Hé théng Chiller ly tam dém tir: 02x 2110 KW(600RT)@ NPLV=12,55 kW/KW,
40 FCU inverter (30 RT) x 4,2 kWe, hé thong bom(nuéc lanh |, giai nhiét , bo sung ) va
quat thap giai nhiét VSD 195 kWe : COPy; = 6,04 KW/KW
PA2 : Hé thong Chiller ly tim vong bi: 02 x 2110kW @ NPLV=7,04 kW/kW, 40 FCU
inverter (30 RT) x 4,2 kWe, hé théng bom(nudéc lanh , giai nhiét , bd sung ) va quat thap
giai nhiét VVSD 195 kWe : COPy, = 4,38 KW/KW
PA3: Hé théng VRV Inverter loai High-COP[9]:30may50HP
x140kW(50HP)@41,4kWe/150FCU 28 kW@1,465kWe, 6100% tai néu tinh du tiéu thy
dién cua dan néng va 5 FCU thi COPy; =2,87kW/KW. Khi hé théng chay non tai ( nhiét
d6 khdng khi ngoai nha giam dan 35/27/18 °C ; trong nha 27/19 °C), chi sb trung binh
nam c6 thé dat : COPy, = 4,36 kW/KW[9],gi4 tri ndy cao hon khi chay day tai khoang
50%
Nhdn xét :
-O diéu kién khi hgu Ha Ngi, hé théng PHKK Chiller Iy tam dém tir c6 COPy l6m hon
COPy, chiller ly tam vong bi va COP;; VRV khodng 35% (6,04/4,36=1,38), néu so sanh
voi logi Standard VRV thi hiéu quda nang lwong cua chiller ly tdm dém tu con lon hon
(6,04/3,94=1,53).
-Tinh cho hé théng PHKK trung tim thwong mai cdng sudt lanh 4220 kW(1200 RT) chay
2900 gio/nam sir dung chiller Iy tam d@ém tir c6 thé giam tiéu thy dién khodng 25% so
véi may lgnh c6 dau( 768000 kWh/nam ~1,3 ty VND/ndam). Néu tinh cho hé thong PHKK
chay 24/24 ( Data center, nha ga hang khong..,),si dung chiller ly tdam dém tir c6 thé tiét
kiém khodng 4 ty VNB/nam tien dién nho ¢ COP cao khi chay non tai.
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