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TOM TAT

Bai bao nay trinh bay nghién citu dnh huéng nhiét @6 nwéc thai dén hiéu sudt ciia bom

nhi¢t WTW dun nudéc ndng. Bom nhiét sie dung nudc thai la nguon nhiét (heat source). Nudc

thai o ddy la nuwdc lam mat ra tie mot hé thong diéu hoa khéng khi chiller. Hé thong bom nhiét

Cap nuée néng duwoc thiét ké, ché tao va ldp dat tai xwong Nhiét — Dien Lanh, truong Dai Hoc

Su Pham Ky Thugt Thanh Phé Ho Chi Minh. Hé thong nay c6 cong sudt may nén la 750 W,

leong miede can gia nhiét la 160 lit, nhiét dp nuwée nong yéu cau la 50 °C. Anh hudng ciia

nhiét do nuée thai téi COP ciia bom nhiét di dwge nghién civu Iy thuyét va thuc nghiém. Bé

ddnh gid sw anh huéng cia nhiét d¢ nwée giai nhiét binh ngung cia hé théng water chiller

dén hiéu suat (COP) cua bom nhiét, cac thi nghiém dwoc thuc hién trong cac ngay khdc nhau.

Két qua thue nghiém cho thdy nhiét dé nwée gidi nhiét binh ngung vdo dao déng tir 33 °C dén
37 °C thi hé s6 COP cua hé théng bom nhiét dun nuwoc nong dat 5,7 dén 6,7.

Tir khéa: hiéu sudt nhiét; bom nhiét; nuede néng; hé thong water chiller; nhiét thai.
ABSTRACT

This paper presentss effect of waste water temperature on the performance (COP) of WTW
(Water to Water) heat pump. The heat pump uses the waste water which is cooling water of air
conditioning chiller system as the heat source. . The heat pump system is designed and installed
at thermal workshop in Ho Chi Minh City University of Technology and Education. The
electrical power of heat pump is 750W, the capacity of storage tank is 160 liters and the
required temperature of hot water is 50 °C. Effect of waste water temperature on the COP of
the heat pump has been studied both theoretically and experimentally. To evaluate the effect of
temperature of the cooling water from the condenser of the water chiller system on
performance (COP) of the heat pump, experiments are performed on different days. The
experimental results show that when the cooling water temperature of condenser increases from
33°C to 37 °C, the COP of hot water heat pump system also increases from 5,7 to 6,7.

Keywords: thermal efficiency; heat pump; hot water; water chiller system; waste heat.

1. PAT VAN PE

Hién nay, cing vdi sy phat trién kinh té
va xa hoi, cac dich vu du lich nhu nha hang,
khach san, trung tam thwong mai cao cap
dugc xay dung ngdy cang nhiéu, nhu cau vé
st dung nude nong trong sinh hoat ngay cang
tang cao. Viéc san suat nudc néng da va dang
ap dung nhiéu phwong phap, trong do
phuong phap dung bom nhiét dé gia nhiét

nude néng nham dap tng nhu cau s dung
cua con nguoi dang danh sy quan tdm hon
ca. Céc nha khoa hoc trén thé gigi ciing da va
dang day manh cac nghién cau, tng dung va
st dung céc hé théng tiét kiém, c6 hiéu qua
ning luong va nhan manh dén anh huong cua
bién d6i khi hau do can kiét nang luong va 6
nhiém moi trudng. Trong d6 nhiéu nghién
ctu [1,2] trén cac nudc ¢ cac chau luc da
thuc su ¢0 tinh ing dung cao khi str dung cac
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hé thdng tiét kiém nang lugng cho bom nhiét
cAp nuéc ndng. Wei Chena va cac cong su
[3] di nghién cau thiét ké, ché tao hé thong
bom nhiét cap nudc néng tin dung ngudn
nhiét thai tir nuée tim 30°C dén 40 °C. Két
qua nghién ctru cho thiy rang hiéu suit cia
hé thong bom nhiét cip nudc néng nay hoat
dong 6n dinh trong bt cr mia nao cua diéu
kién thoi tiét. Hé sé COP cua hé thong dat
4,97 tuong ung véi nhi¢t d§ ngung tu la 51,5
°C va nhiét bay hoi 1a 11,68 °C.

Do d6 vén dé nghién ctru tan dung nhiét
thai dé nang cao hiéu sudt hé théng bom nhiét
dun nude ndng nham muc dich tiét kiém ning
luong 13 hét stc can thiét. Bai bao nay ,trinh
bay nghién ctru anh hudng nhiét do nudce thai
dén hiéu suét ciia bom nhiét dun nudc nong
(Ngudn nudc thai & day 1a nuéc giai nhiét
ngung tu ra tir mot hé théng water chiller).

2. COSOLY THUYET

2.1. Tinh toan thiét ké dé xay dung h¢
thong thi nghiém.

Phia nudce nong (phia ngung tu) nhiét do
nudc lanh vao la 29°C, nhiét d6 nudc nong ra
la 50°C, dung tich binh nu6c néong 1a 160 lit,
cong suat may nén (PHKK) 1Hp, st dung
moi chat R22. Phia nudc thai (phia bay hoi)
nhiét do nudc thai vao la 35°C, nhiét d6 nudc
thai ra la 30°C.

Céc ndi dung can tinh toan cho chu trinh
bom nhiét dun nuéc nong WTW la:

- Thiét ké h¢ thong lanh (thiét ké dan néng,
dan lanh, binh nuéc néng, ong mao).

- Thoi gian gia nhiét.
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Hinh 1. Do thi Igp-h ciia chu trinh bom nhiét

Chon chu trinh: chu trinh qué nhiét, qua
lanh véi d6 qua nhiét, qua lanh la 5K. Theo
tai liu [4] [5] va [6] c6 thé tinh cac dai
lrong dac trung cho chu trinh dya trén cac
cong thire sau day:

Ning suat lanh riéng cta chu trinh:

qo = hy, — hy , KI/Kg 1)
Nang suét nhiét ngung tu riéng:

qx = h, — h;, kdlkg (2)
Cong nen riéng:

l =h, —hy, kikg 3)

Ning suat dan lanh:

AxV
Qo:quozv—ltxqo,kw (4)
1

Nang suat nhiét dan ngung:
Q =mxq,, kW )

Ciing theo tai li¢u [5] thi nhiét d0 ngung tu
va nhiét do bay hoi dugc tinh toan nhu sau:

Nhlét d@ bay hOl: tO: tn[r = Atmin, OC
Trong do6: tn 12 nhiét do nudc nodng sau khi
vao (chon 35 °C), tyy 1 nhiét d6 nudéce thai ra
(chon 30°C, nhé hon nhiét dd nuéc thai vao 5
K), chon Atmin 12 hiéu nhiét do toi thiéu cua
thiet bi trao doi nhiét bay hoi va ngung tu
(chon 5 K). Vay t = 55 °C, t, = 25 °C, ty = ts
= 50 OC, tqn = t]_ = 30 OC.

Théng sé cac diém ndat chu trinh gigi
thi¢u trong bang 1.
Bdng 1. Thong sé cdc diém nit cia chu trinh

| Nniet Ap Enthalpy Thé tich

biem d(? t, | suatp, h, ki/kg ;/
C bar m-/kg

1’ 25 10,4 412,4 -

1 30 10,4 416,3 0,0233
2 76 21,74 434,7 -
3’ 55 21,74 268,6 -
50 21,74 264,7 -
25 10,4 264,7 -
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*Tinh dién tich trao déi nhiét caa thiét
bi ngung tu:

Dién tich trao ddi nhiét ciia dan ngung tu
duoc tinh nhu sau:

Qk m2

1 6
k, x At ©

=
Trong d6: Qi la nhiét lwong truyén cho nudce
cua thiét bi ngung tu, KW; ki 1a hé sb truyén
nhiét cua thiét bi ngung tu, W/(m*K)(dugc
xac dinh bang tinh toan nhiét tai thiét bi
ngung tu);Aty, la d6 chénh nhiét do trung
binh logarit va dugc tinh nhu sau:

A = S S ¢ )

I ( max)
mln
Trong d6: Atmax 1a do chénh nhiét co gia tri
I6n & hai dau cua dan ngung tu, K; Atpin 13 do
chénh nhiét co gi4 tri nho ¢ hai dau caa dan
ngung ty, K.
*Tinh dién tich trao doi nhiét caa thiét

bi bay hoi:

Dién tich trao ddi nhiét cua dan bay hoi
duoc tinh nhu sau:

Q .2

F=—", 8
® k,xAt, ®)

Trong do Qo la nang suit lanh, kW; k, la hé
sd truyén nhiét cua thiét bi bay hoi, W/(m? K)
(dugc xac dinh bang tinh toan nhiét tai thiét
bi bay hoi); Aty la d6 chénh nhiét do trung
binh logarit va dugc tinh twong ty nhu cong
thac (7), voi Atmax 1a d6 chénh nhiét c6 gia tri
I6n & hai dau ciia dan bay hoi, K; Atmiy 13 d0
chénh nhiét do c6 gia tri nho ¢ hai dau cua dan
bay hoi, K.

Thoi gian gia nhiét nwéc:

Nhiét lwong can thiét dé gia nhiét nuéc:

Qaun = M X Cp (tnn — tpa) + KJ 9)
7 = Zdun , gidy (10)
Qk

Trong d6: M 1a lugng nudc can gia nhiét, lit;
Cp la nhiét dung riéng cua nu:oc JI(kgK); toa
|a nhiét d6 nuéc ban dau, °C; t, 1a nhiét do

nudc nong ra sau khi gia nhiét, C: 1 14 thoi
gian gia nhiét, gidy.

Dbi v6i qua trinh dun nude 6n dinh thi
tinh thoi gian dun nudc theo cong thie (10).
Tuy nhién day la qué trinh dun nudc khong
6n dinh nén tinh theo cong thtrc trén chi 1a
gan dung. Thoi gian dun do dé s& duoc xac
dinh thuc t& qua mdi 1an thir nghiém.

Hé s6 sir dung ning luong cua hé thdng
dugc dinh nghia 1a ty so gitra nang luong
nhiét truyén cho nudc va tong dién ning tiéu
thu cho may nén (Pe).

Q.

e

COP = (11)

Nhi¢t lugng truyén cho nudc Qy duogc
xac dinh bang téc d6 thay doi nhiét do cua
nudc trong binh trong hé kin (bo qua ton thit
nhiét qua vo binh va dudng éng dan), gid tri
cua lugng nhiét truyén cho nudc dugc xac
dinh bing cong thirc (9) con dién ning tiéu
thu dun nudc néng s€ dugc xac dinh thyc té
qua mdi 1an thar nghiém.

3. THIET LAP HE THONG THI
NGHIEM

3.1. M6 ta hé théng thi nghiém

—m—0
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Hinh 2. So do nguyén 1y hé thong bom nhiét
dun nuoc nong WTW

He thong thi nghiém bom nhiét str dung
nguon nudce thai (ngung tu cta hé chiller) co
thé cung cap nudc nong dén 50°C. Hé thong
st dung chu trinh bom nhiét c6 may nén 1 Hp
v6i moi chat R22, loai méi chat nay duoc lua
chon vi né c6 kha nang hoat dong & nhiét
dong ngung tu cao, trén 70°C, dap ung duogc
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yéu cau ciia mot hé thdng bom nhiét cap nude
nong. Dan bay hoi cua hé thong bom nhiét,
v6i nhiém vy lay nhiét tir nguon nudc thai
ngung tu cua hé¢ chiller, duoc chon la ong
xodn bang dong va duoc dit bén trong binh
chtra nudc thai. Dan ngung tu cta hé théng
bom nhiét, véi nhi¢m vu gia nhi¢t lam nodng
nudc trong binh chira, dugc chon la 6ng X04n
bing ddng va dugc dit bén trong binh chira
nuoc nong. Bo phan tiét luu & day duoc lua
chon 13 dang 6ng mao. So d6 nguyén ly cua
hé théng bom nhiét voi nhimg lwa chon vé
c4u tao nhu trén dugc trinh bay trong hinh 2.

Hinh 3. M6 hinh thi nghiém hé thong bom
nhiét dun nuéc nong WIW
Bing 2. Thong s6 ky thudt ciia cdc bo phdn
cua hé thong bom nhiét sau khi tinh toan
Tén bd
phén

Théng s6 ky thuat

-Hang san xuat: Toshiba

- Model: PH156X3CS-8KUC1

- Kiéu may nén: kin

- Mdi chat lanh: R22

- Ngudn dién: 220 V- 1 pha-50/60hz

May nén

-Kiéu dan: 6ng xodn

-Vat liéu ché tao: éng déng
-Puong kinh dng: 12mm

- Tong chiéu dai: 29,2m

- Pudng kinh vong tron xoan: 0,4m

Dan bay
hoi

- S6 lugng vong tron: 24

- Kiéu dan: dng xoan
Dan |- Vit liéu ché tao: 6ng ddng
ngung tu |- Puong kinh 6ng: 8 mm

- Tong chiéu dai: 51,8 m

- Puong kinh vong tron xoin: 0,4 m
- S6 luong vong tron: 33

- Vat liéu ché tao: Ong d(“)ng

Ong mao |- Puong kinh dng: 2 mm
- Chiéu dai: 38cm
. - Thé tich binh chira: 160 lit
Binh | piong kinh: 0,45m
chtia Chid 1
nude - 1€u cao: 1m ’
nong |- Céach nhiét bong thuy tinh tam day

30mm

3.2. Phwong phap thi nghiém

Cac théng sé can ghi nhan trong qué
trinh can do dac bao gdm: nhiét d6 nudc thai
vao thiét bi bay hoi va nhiét d6 nuéc thai ra
thiét bi bay hoi dugc bang do bang 2 cam
bién nhiét d6 cua bd diéu khién Ewelly (d6
chinh xac + 0,5 °C) dat ¢ 2 vi tri: bén dudi
(cach day binh 100 mm), bén trén (cach dinh
binh 100 mm), hai dong hod ap suat pk Va Po
duoc gan vao dau hat va dau day cua may
nén dé xac dinh ap suit bay hoi va ap suat
ngung tu cua chu trinh. Nhiét d6 nudc nong
trong binh dugc do bang 3 cam bién nhiét do
ctia bo didu khién Ewelly (d chinh xac + 0,5
°C) dit & 3 vi tri: bén dudi (cach day binh
100 mm), bén trén (cach dinh binh 100
mm) va ¢ gitra binh.

Dién nang tiéu thu cua thiét bi (may nén)
dugce do bang ddéng hd do dién kWh dé xac
dinh cong suat tiéu thu dién cua hé théng. He
thong bom nhiét ciing duoc trang bi role ap
suit cao (dit ¢ 23 bar), va cac thiét bi qua
dong, thiét bi qua nhiét cho may nén. Cac
duong dng ddng dan méi chat duoc boc cach
nhiét cao su x6p day 10mm dé giam ton that
nhiét dudong ong.

Dé xac dinh lugng nhiét cho nudc tic
thoi ciing nhu dé xac dinh COP tc thoi cac
gia tri do dugc thu thap thuong xuyén sau
mdi khoang thoi gian 5 1a phut. Hé thng
bom nhié¢t dun nuéc nong WTW da duoc thi
nghiém & ché d6 van hanh khoi dong. Nude
lanh duoc dién diy vao binh chira nuéc nong
va cO nhiét do déng déu, nudc gidi nhiét
ngung tyu tir hé théng water chiller dugc dién
day vao binh chtra nudc thai .cho méy chay
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va doc lan luot cac gia tri nhiét do, ap suét,
dién nang tiéu thu & ting thoi diém cach nhau
5 phut cho dén khi nuéc néng dat 50°C thi ro le
nhiét do ngét may nén. Xa hét nudc, nap
nude lanh méi cho chay qua lién tuc dé loai
b6 quan tinh nhiét cua thiét bj dén khi dat
dugc trang thai 6n dinh. Thi nghiém duoc
thuc hién lap lai 10 lan twong ung lan luot
cho mdi gi tri nhiét d6 nudc thai vao tir 33°C
dén 37°C dé lay gia tri trung binh. Céc thi
nghiém dugc thyc hién trong diéu kién nhiét
d6 nudc ban dau 1a 29°C.

4. KET QUA VA BAN LUAN
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Hinh 4. Si thay d6i ciia dp sudt bay hoi, dp
sudt ngung tu va nhiét dg nuwde néng theo
thoi gian

Hinh 4 thé hién 4p suit ngung tu (p)
tang 1én gan nhu tuyén tinh theo thoi gian va
nhiét do nudc ndng (t.,) trong binh, ap sut
bay hoi (po) hau nhu khong doi trong sudt
qua trinh thi nghiém.

16 -
14 -
12 A
10 A

COP

SO N b~ OO
1

5 10 15 20 25 30 35 40 45 50 55
THO!I GIAN (PHUT)

Hinh 5. Sw thay déi ciia COP theo thoi gian

Hinh 5 thé hién hé s6 sir dung ning luong
COP tirc thoi ban dau bién dong manh do chu
trinh ciia thiét bi 1am viéc chua 6n dinh. Do d6
chénh nhiét d6 ngung tu va nhiét d6 nhiét do
nudc trong binh chira nwéc néng giam dan
nén hé sé COP ban dau I6n nhat sau do giam
dan. Hé s6 COP trung binh cua hé théng thi
nghiém & ché dong khoi dong dat 5,7 dén 6,7
phi hop Véi céc tinh toan ly thuyét.

38.0 - 6.8
37.0 4 - 6.6
36.0 1 - 6.4
- 6.2
Q 35.0 A 62 g
£34.0 603
a—-: 4 . N 58
330 7 L 56
32.0 - L 5.4
31.0 T T T T 5.2
LAn1 LAn2 LAn 3 Lan4 Lan5
tntv COP

Hinh 6. Sw thay doi ciia COP theo nhiét dj
nuoc thai

Hinh 6 thé hién mdi quan hé giita nhiét
d6 nudce thai vao va hé sé COP cua hé thong
& cac 1an thi nghiém. Khi nhiét d6 nudc thai
Va0 (tny) hé théng bom nhiét dun nudc nong
tang thi hé s COP ting theo. O cac lan thi
nghiém nhiét d§ nudc thai vao dao dong tur
33°C dén 37°C thi hé s6 COP trung binh cia
hé théng bom nhiét dun nudc néng dat 5,7
dén 6,7.

5. KET LUAN

Trude hét nghién ctu nay da tong quan
duoc cac két qua nghién ctu lién quan dén
viéc tdn dung nhiét thai dé hd trg cho hé
théng bom nhiét cap nudc ndng, tic gia da
nghién ctru thiét ké va ché tao thanh cong hé
thong bom nhiét cip nudc nong tin dung
nhiét thai binh ngung cta hé théng water
chiller. Nhiét @6 nudc thai vao dao dong tur
33°C dén 37°C thi hé s6 COP trung binh cua
hé théng bom nhiét dun nudc noéng dat 5,7
dén 6,7. Pay la lan dau tién & Viét Nam
cong nghé nay duoc thuc hién thanh cong tai
Khoa Co Khi Bong Luc - truong Pai Hoc
Su Pham Ky Thuat TP.HCM c6 thé {mg
dung dé cung cap nudc néng cho cac toa
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nha, trung tdm thuong mai, khach san, bénh
vién... gop phan tiét kiém ning luong mot
cach hi¢u qua.

Mic du hé théng bom nhiét dun nuéc
néng WTW ché tao chua duoc hoan thién so
v6i tinh toan ban dau nhung két qua nay cho
thdy day 1a mot hudng nghién ctru tlem nang
trong tuong lai khi ma yéu céu vé tiét kiém
ning luong trong cac thiét bi dién noi chung

va thiét bi san xuat nudc néng noi riéng ngay
mot tré nén cap bach.
LOI CAM ON

Tac gia xin gui 161 cam on chan thanh
dén B6 Mon Cong Nghé Nhiét - Dién Lanh -
Khoa Co Khi Pong Luc truong Pai Hoc Su
Pham K§ Thuat Thanh Phd H6 Chi Minh da
ho tro va tao dicu kién dé tac gia hoan thanh
de tai nay.
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