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NGHIEN CUU VA UNG DUNG MAY LANH NHO HIEU UNG XOAY
DPE SAN XUAT NUOC LANH VA PIEU HOA KHONG KHi

RESEARCH ON AND APPLICATION OF VORTEX EFFECT REFRIGERATION TO
PRODUCE COLD WATER AND AIR CONDITIONERS

H6 Trin Anh Ngoc
Truong Cao dang Cong nghé, Pai hoc Pa Nang; anhngoctr@yahoo.com

Toém tét - Trong thuc t& hién nay, cac ngudn khi nén, khi thai dw
thira tir cac xi nghiép, nha may khong dwoc st dung gay lang phi.
Vi vay viéc van hanh may lanh bang hiéu rng xoay tw viéc tan
dung nguon khi thai dw thira vira tiét kiém duwoc dién nang vira
gép phan giai quyét van dé vé méi trweng, giam chi phi san xuét.
Bén canh dé, viéc dung may lanh béng hiéu trng xody dé san xuét
nwéc lanh, cung cdp ngudn nwéc udng mat lanh phuc vu cho céng
nhan trong xi nghiép, nha may, hodc tng dung d& l1am diéu hoa
khoéng khi, cung cap nguon khong khi mat mé cho méi trwdng lam
viéc tai cac khu vuc san xuét ctia nha may, xi nghiép, gop phan
nang cao hiéu qua lao déng cla céng nhan. Hon niva, trong két
qua nghién ctru clia minh, tac gid da ché tao dwoc mét mé hinh
may lanh hiéu &ng xoay phuc vu cho viéc dao tao trang bi thém
kién thirc cho sinh vién chuyén nganh.

Tt khéa - khi thai dq thira; may lanh béng hiéu wng xoay; méi
trwdng; nwdc lanh; dieu hoa khéng khi; mé hinh may lanh.

1. Pit van dé

Trong giai doan hién nay, khi gia ca ctia cac loai nhién li¢u
trong d6 c6 xing, dau, khi diu mo héa long LPG, méc d ¢
phan cai thién theo xu huong giam cua thi truong thé gioi, tuy
nhién céc nguon nang luong hoa thach ngay cang khan hiém
va tr¢ nén gan nhu can kiét, thi van dé tiét kiém ning luong
cang trd nén cap bach hon bao gio hét. Di dbi véi viee tim
kiém cac nguon ning lugng méi nhu ning lugng mit troi,
nang luong gid, dia nhit, biogas, Biomass, nang lugng thuy
triéu... dé thay thé, can phai biét sir (dung co6 hiéu qua cac
nguon nang luong, giam cac ton that bang cach dua ra cac mo
hinh thiét bi co tinh sang tao, c6 hi¢u qua lam vi¢c cao hon,
tan dung cic ngudn phé thai dé tai str dung. Dic biét, ngay
nay, khi cudc séng ngay cang dugc nang cao thi nhu ciu thoa
man doi song tinh than cang dwoc chu ¥, nhat 14 trong linh vy
lanh va diéu hoa khong khi. Vi vdy, viéc lya chon nghién ctru
may lanh nho hi€u ing xo04y c6 nhitng 1y do sau:

- Nhu cu may lanh dé phuc vu lam lanh nuéc cung cp
ngudn nu6e udng va lam diédu hoa khong khi cé chi phi kha
16n va tén kém nhiéu dién nang, cho nén may lanh str dung
bang hiéu tng xody s& tiét kiém duoc chi phi dién nang.

- Cac ngudn khi nén thai du thira tir cac xi nghi¢p, nha
may khong duoc st dung 1a kha lang phi.

- Viéc sir dung may lanh nho hiéu Gng xo0dy s€ gop
phan giai quyét van dé moi truong.

- Giam chi phi san xuét, nang cao hiéu qua lao dong
trong nha may, xi nghiép.

2. Cac phwong phap lam lanh sir dung trong thuc té

Hién nay, chiing ta c6 nhiéu phuong phap lam lanh khac
nhau dugc dua vao nghién ctru va trién khai st dung trong
thuc t€ nhu sau:

Abstract - In fact, today, the compressed air supply and excess
exhaust from enterprises and factories are not used ,which is quite
wasteful. So, using vortex effect refrigeration from the utilization of
excess emission sources not only saves energy but also
contributes to solving environmental problems and reducing
production costs. Besides, using vortex effect refrigeration can
produce cold water, provide cool drinking water to workers in
factories and enterprises.The method can also be applied to
produce air conditioners, supply cool air to the working
environment at production sites of plants and enterprises,
contributing to improving labor efficiency of workers. Moreover, in
their research, the authors have built a vortex effec refrigerator
model to be used for training and equipping specialized students
with useful practical knowledge.

Key words - excess emissions; refrigeration with vortex effect;
environment; cold water; air-conditioning; refrigerator model.

2.1. Lam lgnh nhén tgo bang gian né doan nhigt khong
sinh ngoai cong (Lam lanh nhé higu iing tiét lvu)

Duya vao dic diém cua qué trinh tiét luu 12 qua trinh
giam ap suat do ma sat ma khong sinh ra ngoai cong khi
mdi chit chuyén dong qua nhimg vi tri ¢ trd lyc ting 1én
d6t ngodt (vi du nhu van tiét lvu, ng mao) [2], [3].
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Hinh 1. H¢ thcfng lanh ding thiét bi tiét luu

Hé théng lanh nay 1a phtc tap va tén kém dién nang.
2.2. Lam lanh béing gian né doan nhigt sinh ngoai cong

Do la qua trinh gian no cla cac chat khi dang entropi tir
ap suat cao dén ap suat thap. Phuong trinh: dS = 0.

Hi¢u ing gian nd doan nhiét: chinh 1a ti $6 gitia sy bién
thiénﬁ nhiét d6 voi sy bien thién ap suat trong qua trinh gian
nd dang entropi.
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Dong thoi: o, >0, T"< T': Nhiét do sau gidn né entropi
luon giam [2], [3].

* Chu trinh 1y thuyét hoat dong twong tu nhu chu trinh
cua may lanh st dung van tiét luvu. Tuy nhién, khi so sanh
voi hé thong st dung thiét bi tiét luu thi hé thong lanh st
dung thiét bi gidn nd kha cong kénh, kho ché tao va dat tién.
2.3. Lam lgnh nho hiéu irng nhiét dién Peltier [2], [3]

Khi cho dong dién di qua mot cdp ban dan khac nhau
thi mdt dau chat ban dan s€ hap thu nhiét, nong dan Ién,
daflu bén lgia s€ tda nhiét ra moi trudng xung guanh, lanh
dan di. Néu chp d(‘)r}g dién chay nguoc lai thi dau nha nhiét
s tr¢ thanh dau hap thy nhiét va dau thu nhiét tr¢ thanh
dau nha nhiét.

Ti

T
Hinh 2. Hiéu vwrng Peltier

Nhiét lvgng: Q =TI1.1

Voi: IT 1a hé sb ti 1€ Peltier; I 1a cuong d6 dong dién.

Taco:lI=a. T

Dau nong Ty co: Il =a. T) —» QiIl=a. Ti.1(2)

Paulanh Trc6: [h=a. T, —» QuIl=a.T>.I(3)

* May lanh Peltier co uu diém 13 khong c6 bod phan
chl}yén dong nén khong On, 46 tin cay cao; Kh(}ng co mf;i
chat nén khong sg ro ri, khong tinh strc bén; Cau tao thiét
bi don gian, gon nhe, d¢ st dung. Tuy nhién, loai may lanh
nay c6 nhugc diem: € nho, ti€u hao nhiéu dién nang.

2.4. Lam lanh nho hép thu [2], [5]

Phuong phap 1am lanh béng h?ip thu duogc thup hién nho
cac phan (ng hoa nhiét lién tiép nhau ciia moi chat lam lanh
va chat hap thu. Trong do, moi chat c6 nhiét do soi thap hon
la moi c’hét’ lam lanh, moi chat c6 nhiét do s@i cao hon g()i la
moi chat hap thu trong cing mot vang ap suat. Moi chat lam
lanh 14 NH3, H,O va méi chat hap thu 1a H,O, Br (Brom).
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Hinh 3. May lanh kiéu hdp thu
Méy lanh nay hoat dong c6 2 vong tuan hoan, mdt vong
tuan hoan cua dung dich va vong tuan hoan thir hai 1a cua

Hydro. Binh chita Hydr6 dung dé can béng 4p suit khi
nhiét d bén ngoai thay doi.

Hé théng lanh nay co thé tan dung dugc cac nguén nhiét
thai nhung hiéu qua khong cao.

2.5. Lam lanh béng tiv truwong [1], [4]

Phuong phap lam lanh nay dya vao nguyén ly lam lanh
tir nhiét. O day ta thuc hién qgé triph khtr tr mot cach doan
nhi¢t, entropy tir tang 1én dan dén sy giam cua entropy
mang lam vat tur lzi laph di. Néu ta cang lam bién doi
entropy tur 16n, s¢ dan dén kha nang lam lanh l6n. Nguoi ta
st dung hi¢u ung nady d¢ tao ra nhiét o §iéu thap, t6i hang
mili Kelvin cho cac k¥ thuat nhiét d¢ thap.

+ Heap irradiation
« Chiéu xa nhiét.
Tir trudng

Hinh 4. Lam lanh bc%ng hiéu ung tir nhiét

Trong k¥ thudt tir nhiét, dé c6 kha ning bién ddi nhiét
d6 16n, yeu td quan trong 1a sy bién thién entropy tir, nd
phu thudc vao céc tinh chat ndi tai va bén ngoai vat li¢u
theo cong thre: g rfmax [ j i 4)

or

Con do bién thién nhiét do c6 thé viét gin dung nhu ti
1€ tuyén tinh véi bien thién entropy tur:

e = 5)
o C(T,H)\ oT

Trong k¥ thuat lam lanh tr nhiét, vén dé tim ra duoc vat
liéu thich hop 1a rat quan trong.

2.6. H¢ théng lanh sir dung Ejector [2], [3]

Vé téng quan, nguyén ly hoat dong cua hé théng lanh
Ejector trong tw nhu mét hé thong lanh nén hoi thong thuong,
ngoai trir may nén lanh dugc thay thé bang mét hé thong gom
c6 Ejector, binh sinh hoi va bom moi chat (Hinh 5).

Hinh 5. May lanh Ejector truyén théng va loai ¢6 héi nhiét

Hoi moi chét nhiét do cao di vao voi phun cia Ejector
va dugc tang tdc, gidn nd sau khi di qua voi phun ng Laval
dé dat dén toc do siéu am. Hoi moi chét lanh voi van toc
cao nay thoat ra khoi voi phun da tao ra mét vung ap suét
am xung quanh miéng voi phun. Nh¢ vy ma hoi méi chat
lanh tir dan bay hoi bi htt vao Ejector d€ hoa trén véi hoi
ap suat cao thoat ra khoi voi phun trong buong hoa tron.

Tuy nhién, hi¢u qua cia may lanh Ejector khong cao.
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3. Nghién ctru may lanh nh¢ hiéu @ng xoay
Téc nhén st dung trong hiéu (ng xody 1a chat khi co ap
suat cao va nhiét d twong ing bang hodc x4p xi voi nhiét
d6 méi truong xung quanh, dugc sir dung ¢ cac xi nghiép
cong nghiép c6 dong khong khi nén du thira.
3.1. Nghién civu 1y thuyét
3.1.1. So dé cdu tao cla thiét bi lanh nho hiéu trng xoay
M5 hinh thiét bi lanh nh¢ hiéu tmg xo4y dugc trinh bay
nhu Hinh 6.

Dong
.................. e

khi lanh 2x

s
NP,

Dong
khi noéng
Hinh 6: So d6 nguyén Iy cau tao ciia mdy lanh hiéu img xody

3.1.2. Xay dung do thi

Ta xay dung dugc dd thi cia qué trinh lam lanh nho
hiéu ung xody nhu sau:

- Trang thai 1: 1a trang thai dong khi nén c6 téc do cao
di vao Ong tao xoay.

- Trang thai 2x: la trang thai dong khi lanh chuyén dong
nguoc lai co ap suat giam va nhiét do giam dugc dua dén
khéng gian phu tai.

- Trang thai 3x: 1a trang thai dong khi nong thoat, dugc
thai ra moéi trudong bén ngoai.

T(C) 4

[
»

0 S(/K)

Hinh 7. D6 thi ciia thiét bi lam lanh nho hiéu mg xody
3.1.3. Nguyén ly lam viéc

'Khong khi c6 ap suat cao di qua voi phun 3 vao 6ng
xo0én theo phuong tiép tuyén, dng phun 3 1ap sat vach chan
2. Dong xodn nay s€ gian nd chay trong ong 1. Trong qua
trinh chuyén dong bén trong 6ng xody, dong xody s& dan
dén giam di. Cac 16p ¢ tdm c6 van toc goc 1én tao thanh
dong xoay. The do goc ¢ bién nho va di chuyén vé ty van
4, tuc 1a da c6 sy truyen dong ning tir cac 16p bén trong ra

cac 16p bén ngoai. Khi dén ty van 4, ludng khi duoc chia
lam hai phdn, mot phan & ngoai bién (Sat vo 6ng) di theo
khe ho gitra ty van 4 v&i vo 6ng 1 ra ngoai véi moi trudng
xung quanh c6 thong s6 3x. M6t phin nho lugng khi ¢ 16p
trong gan tdm ong dép vao ty van 4 va tao xoay, chuyen
dong doi nguoc tro lai vach chan 2. Trong qua trinh chuyén
d6ng nguoc chiéu nhau gitta vong ngoai bién va vong trong
tAm xay ra qua trinh trao d6i nhiét tir vong trung tim ra
dong ngoai bién. Cac 16p khi bén ngoai nhén dong nang,
do d6 ludng khong khi & 16p ngoai bién nong dan 1én, trong
khi d6 luong khong khi ¢ tam di ngugc lai bi méit ning
lugng nén dugce lam lanh dan di.
3.1.4. Xac dinh cac dai lwong cua hi¢u g xoay [4]

Ta danh gia hiéu ng xo4y theo tri sd:

Hé s6 1am lanh cua hiéu ung x04y:

6-1L (6) (cang bé cang tt)

1
H¢ s6 lam nong cua hiéu Gng xo4ay:

0 =D (7) (cang 16n cang tot)
n ]—i
Hiéu sult :
_Ax _L-T ®)
ATs T,-T,

3.2. Nghién ciru ché tao thwe nghiém
3.2.1. Xay dung mé hinh vé 1y thuyét

} Ung dung phan mém Space Claim dé thiét lgé md hinh
mau ly thuyét, can doi chinh stra phu hgp voi két cau cling
nhu céac kich thudc phu hop voi thuc t€, nhung cling dong
thoi phu hop véi tinh toan chuyén dong ctia dong tac nhan
chuyén dong trong ong.

Sau khi tinh toan thiét ké thiét bi vo6i cac kich thudce xac
dinh, sir dung phan mém Space Claim dé v€ thiet bi voi cac
hinh chiéu nhu sau:

I ]

‘ i JL\
[|Ju

L1 L2 L3

Hinh 8: Hinh chiéu ditng, canh, nam may lanh hiéu img xody
Céc kich thudc co ban cua mé hinh ché tao dugce trinh
bay ¢ Bang 1.
Bidng 1. Kich thudc co ban cia may lanh hiéu irng xoay

rwh_ilQ1| Q | Qs | |Ghi|
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3 ohr -
kich thudc (mm) (I Iphiy M > 10 20 40 o
Chiéu dai ong thoat khilanh L1 [300| 550 | 990 | 1690
Chiéu dai than ong trao d6i nhiét L2 [400| 700 | 1225 | 1960
Chiéu dai khoang thoat khi nong L3| 180 | 320 | 570 | 910

Puong kinh ong khi nén di vao D1 100| 180 | 325 | 550

Puong kinh Ong thoat khi lanh D2 180 | 330 605 | 1030

D,u'(‘mg kinh khoang thoat khi 600! 1050 | 1840 | 3120
néng D3

Kich thudc ong thoat khi nong V4| 140| 240 | 410 | 660

Puong kinh khoang diéu chinh
ty van D5

520( 900 | 1560 | 2495

3.2.2. Xay dung mo hinh khong gian cua may lanh nho hiéu
wng xoay

Tur cac kich thudc co ban da (‘iuc_rc tinh toan tiry thudc vao
lugng khi nén thoat ra tir cac nguon phu tai, ta xay dung duoc
mo hinh ctia may lanh hi¢u tmg xo4y nhu Hinh 9.

Dong khi néng ra

ilanh ra

(Pugc dua dén
cac phu tai nhiét)

Hinh 9. M6 hinh khong gian cua may lanh hiéu ung xody
3.2.3. Ché tao may lanh nho hiéu img xody

Trén mo hinh thiét ké, tac gia da trién khai ché tao mo
hinh thuc nghi¢m nhu Hinh 10:

Hinh 10. Ché tao thuc té mdy lanh nho hiéu vmg xody

3.2.4. Van hanh thir nghiém mdy lanh hiéu ung xody

- Toan bo h¢ thong méy lanh duoc ldp trén bé dé do, ga giit
chat de tranh x¢€ dich va chuyén dong khi may dang hoat dong.

- Piéu chinh tay vin van dé di chuyén ti van, lam non
van chuyén dong doc theo truc nham diéu chinh khe ho
gitta non van va than vo chinh. Viéc dieu chinh khe ho nay
lam dnh hudng rat nhiéu dén kha nang thoat khi thai ra bén

ngoai, ddng thoi diéu chinh dwoc ap sudt dong khi nén di
trong dng chinh, diéu d6 s& anh huong dén nhiét do cua gio
lanh di dén khong gian phu tai.

Phu tai dugc su dung & day co thé 1a cac khong gian
phan xuong, phong may méc thiét bi can dugc trang bi diéu
hoa khoéng khi phuc vu cho ddi ngli cong nhan, nguoi lao
dong, hodc c6 thé 1a cdc dan trao ddi nhiét c6 nudc lanh
chay bén trong, tao ra nudc lam mat phuc vu cho ngudi lao
d6ng, nhét 1a vao mua he.

- Dé thay thé cho ngudn khi nén thira tir nha may, xi
nghiép, day chuyén san xuét. .. , trong qua trinh lam thyc
nghiém, tac gia s dung quat gio cap nguon khi nén cho
méy lanh dé do dac, 14y s6 liéu thuc té. Dong khi nén sau
khi str dung s€ dugc xa ra moi truong.

3.2.5. Piéu kién hoat dong cua may lanh hiéu vng xody

-Ngudn khi nen thura tir cac nha may, xi nghiép, cac phan
xudng san xuat can phai co ap luc 16n dé du kha nang tao xody
khi chuyén dong trong thi€t bi tao xody nho bo tri tiép tuyen.

- Dong khi nén khi dua vao may tao hiéu (ng xody phai it
bui ban va khong ’cc') khi ddc, hoi doc lém anh hudng dén chat
luong phu tai, nhat 1a khi st dung lam di€u hoa khong khi.

- Nhiét d¢ cia dong khi nén thai cao hon nhiét d6 moi
truong (2-4)°C.

4. Két luan

Tir cac két qua nghién ctru ly thuyét va ché tao thuc
nghiém moé hinh may lanh nhd hi€u ung xody, so voi cac
mo hinh may lanh hi¢n nay, ta théy mdi loai may lanh c6
uu nhuoc diém khéc nhau. Viéc su dung hé théng may lanh
nho hidu mg xody gilip tiét kiém mot phin ning lugng,
gop phan cai thién moi truong, tranh lang phi. Dong thoi,
qua nghién ciru ndy, mé hinh ché tao thuc nghiém c6 thé
ap dung vao viéc giang day cho sinh vién chuyén nganh
Nhiét lanh. M6 hinh thi nghiém can duoc thir nghiém va do
dac cac thong sb k¥ thuat nhu tde do gio, ap suat dong khi
nén, luu lugng dong khi, nhié¢t d cua gio6 tai cac cua ra,
ddng thoi can tinh toan thém vé tinh dong hoc va khi dong
dé dua ra dugc cac diéu chinh thiét k& hop 1y hon phuc vu
cho nhu cu thyc té khi c6 ngudn khi nén thai du thira, gop
phén tiét kiém ning luong va bao vé mdi truong.
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