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PHAN TiCH ANH HUONG CUA VAT LIEU THIET Bl TRAO POI
NHIET TRONG BAU HAP PHU PEN KHA NANG LAM VIEC CUA
MAY LANH HAP PHU

ANALYSIS THE EFFECT OF HEAT EXCHANGER MATERIAL OF ADSORPTION
BED ON THE PERFORMANCE OF ADSORPTIVE REFRIGERATORS

TS. Cao Ngoc Vi
Vién Co khi, Truong Pai hoc Hang hai Viét Nam

TOM TAT

Bai bdo phdn tich hiéu quda lam viéc ciia mdy lanh hdp phu ¢6 bau hdp phu kiéu 6ng — canh
tan nhiét. Ba loai vat lieu su a’ungphé bién trong ché tao thiét bi trao doi nhiét la déng (Cu), nhom
(A1) va thép khéng gi (SS) lan ot dwoc khdo sdt bang phwong phdp mé phéng sé. Trong dé, bau
hdp phu voi thiét bi trao doi nhiét dwoc lam tir nhém cé hé sé lam lanh cao nhdt, COP = 0.515,
vieot qua khodng 6.2% so véi Cu va 29.7% so véi SS. Bau hdp phu véi thiét bi trao doi nhiét bang
Cu dat céng sudt lam lanh riéng I6n nhat, SCP = 262.79 W/kg, cao hon Al va SS lan lwot la 1.8%
va 120%.

Tir khéa: Thiét bi trao déi nhiét; My lanh hdp phu; Vit liéu; Mé phong s6; Hé sé lam lanh.
ABSTRACT

This article analyzes the performance of finned-tube type adsorption refrigerators. Three
well-known materials, namely, copper (Cu), aluminum (Al) and stainless steel (SS) were simultated
respectively. The Al-heat exchanger exhibites the best performance with COP = 0.515. It is followed
by Cu- and SS-heat exchanger with about 6.2% and 29.7%, respectively. The Cu-heat exchanger
shows the highest SCP. It is around 262.79 W/kg, which is 1.8% and 120% higher than that of Al-

and SS-heat exchanger, respectively.
Keywords: Heat exchanger,; Adsorption refrigerator; Material; Numerical simulation, COP. &
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1. TONG QUAN

May lanh hap phu (ACS) sir dung nhiét
nang lam nguén dong luc, nude (hodc cac chét
tu nhién nhu ruou ethanol, a-mé-ni-c, di-6-xit
cac-bon) lam chét cong tac, duoc cong dong
khoa hoc danh gia 1a giai phap thay thé kha
di cho may lanh nén hoi truyén théng. Hinh 1
trinh bay so do cau triic ciia mot may lanh hap
phu don gian nhat, bao gdm bau hap phy, dan
bay hoi, bau ngung va van tiét luvu. Bau hap phu
(con goi 1a may nén nhiét) 1a mot thiét b trao doi
nhiét, dugc bd tri thém chat hap phu, tir d6 tao
ra cac qua trinh hap phu — giai hap phu hoi chat
cong tac cuing voi hiéu tng lam lanh. Cau tao va
kha nang 1am viéc cua bau hép phu tac dong tryc
tiép dén kich thudc, gia thanh, kha ning ciing
nhu pham vi sir dung ctia may [1], [2].
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Hinh 1. So d6 cdu tao ciia may lanh mot bau
hép phy

Theo nghién cuu cua Sur va cong sy
[2], viéc tang cudng kha nang lam viéc cua bau
hap phu c6 thé thyc hién boi cac bién phap sau:
tang dién tich trao ddi nhiét, giam nhiét tr¢ trén
bé mit tiép xuc thiét bi trao doi nhiét — vt lidu
hép phu, sir dung chét hap phu c6 nhiét tro thap
va ap dung cac k¥ thuat cia éng nhiét. Tang

dién tich trao d6i nhiét 1a phuong thirc don gian
nhat nhung ciing dem lai hiéu qua cao nhat.
Trong d6, cau tric dng — canh tan nhiét to ra
siéu viét hon nhitng bién phap khac [3].

Mac du vat liéu 6ng va canh tan nhiét co
nhiét tré rat thap nhung chiém ty trong twong
d6i 16n so voi chat hap phu [4]. Vi vay, anh
huong cua vat liéu thiét bi trao d6i nhiét can
dugc quan tdm nghién ctru. Muc ti€u bai bdo
nay 1a danh gia anh hudng cta vat liéu thiét bi
trao d6i nhiét dén kha niang lam viéc ctia may
lanh hép phu. Nghién ctru dugc thuc hién bfmg
phuong phap mé phong s6, ap dung cho thiét bi
trao d6i nhiét kiéu 6ng — canh tan nhiét.

2. MO HINH TOAN

Ngay nay, phuong phap mé phong sd
duoc ap dung rong rai trong hoat dong nghién
ctru ciing nhu trong thiét ké. Mo phong sb cho
phép thuc hién cac nghién ctru tham sé mot
cach tu dong va nhanh chong véi cac diéu kién
bién khac nhau, tao tién dé cho viéc tbi vu hoa
thiét ké. Mo hinh khao sat anh hudng cta vat
lidu thiét bi trao d6i nhiét dén hiéu qua lam viéc
ctia bau hap phu duogc trinh bay nhu trén Hinh
2. Thong sb vé cdu hinh cua thiét bi trao dbi
nhiét, diéu kién khai thac va tinh chat Vat Iy
— Nhiét ctia chat hap phu duoc trinh bay trong
cac Bang 1, Bang 2 va Bang 3.

Bdng 1. Théng s6 vé cdu hinh thiét bi trao doi nhiét

A £ Ky Tri

Thong so hiéyu sé'

Budc canh (mm) FP 3.0

Chiéu cao ban canh (mm) FH 10
Chiéu day canh (mm) FT 0.5
Puong kinh bao ngoai (mm) D, 32
Puong kinh trong ciia dng (mm) D, 10
Puong kinh ngoai ciia dng (mm) D_ 12
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Hinh 2. M6 hinh phdn tich dac tinh nhiét dong luc
hoc ciia bau hap phu

Bdng 2. Théng s6 vé diéu kién khai thac

Théng sb Ky hiéu | Trisb
Nhiét d6 ngudn lanh (°C) T, 30
Nhiét d6 ngudn nong (°C) T, 80
Nhiét d bay hoi (°C) T, 15
Nhiét d6 ngung tu (°C) T, 30
Thoi gian chu trinh (s) eycle 840
Van tdc dong chay (m/s) u,/u 1.0

Bdng 3. Tinh chdt Vit Iy — Nhiét ciia chat hap phu

Théng sb Ky hiéu | Trisb
buong kinh hat (mm) dp 0.2
Khdi luong riéng (kg/m’) P, 761
Nhiét dung riéng (J/kg-K) o 920
Hé s6 truyén nhiét (W/m'K) | k, 0.198
Nhiét hap phu (mm) Q, 27610}
Do xp (-) & 0.43

San lugng lanh Q_ cta hé thong trong
mot chu trinh tinh theo cong thic (1) [4]:

0., =[ L ()= (T, ~T,) <[ vt (1)

Trong d6: L, — Nhi€t hoa hoi cua chat
lam lanh; m —Luu luong khéi luong cua dong
hoi chat lam lanh; Cop — Nhi¢t dung ri€ng cua
chat hip phu; T, - Nh1¢t dongungtuvaT,  la
nhiét 3o hoa h01

Tong nhiét giai hap phu Q 4o, trONg MOt
chu trinh tinh theo cong thuc (2) [4]:

Qdes - Le b=st (Zf

Trong d6: m, — Khéi lwong chét hip
phy; Q_ — Nhiét hap phu q — Luong hép phu.

2

Nhiét hép thu trong vat liéu 6ng, canh
tan nhiét, chét hép phu va chat lam lanh Q_
tinh theo cong thuc (3) [4]:

oT,

or, or,
a}b T L m.c. a—; + Lﬂ m, (cpb + qcpw)a—t” 3)

Qsen :_[ mtubccptubc
Ldes

Trong d6: m, — Khéi luong 6ng; m
— Khéi luong canh tan nhiét; ¢ pube Cptne Cpp Va
Cow Nhiét dung riéng cua vat lleu ong, ¢ anh
tan nhiét, chat hap phu va chit lam lanh & pha
long; Tt e :Fﬁ va T, — Nhiét do ong, canh tan

nhiét va chét hip phu

Hé s6 1am lanh dugc dinh nghia la ty $6
gitra san lugng lanh véi tong lugng nhiét cap
trong mQt chu trinh, xac dinh theo cong thirc

(4) [4].

Qeva
Qsen + Qdes

COP = ()

Cong suat 1am lanh riéng SCP tinh theo
cong thirc (5) [4]:

scp=—Los (5)

mb ZLcycle
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3. KET QUA VA THAO LUAN

Ba loai vat liéu phd bién 1a dong (Cu),
nhom (Al) va thép khong gi (SS) duoc lya chon
dé khao sat anh huong cua vat liéu thiét bi trao
d6i nhiét dén kha nang lam viéc cua may lanh
hap phy. Cac thong sé Vat Iy — Nhiét ctia moi
loai vat liéu dugc trinh bay trong Bang 4.

Bang 4. Tinh chat Vit Iy — Nhiét cua Cu, Al va SS

.. | Khéilwgng | Nhiét dung | Hé s6 din
Vat o oA in
licu riéng riéng nhiét

y p (kg/m’) | ¢ (J/kg'K) | k(W/mK)
Cu 8940 386 398

Al 2702 903 237
SS 8055 480 15.1

Két qua md phong s6 dép tng nhiét ctia
hé théng ung voi nhitng vat li¢u da chon duoc
trinh bay nhu trén Hinh 3 va Bang 5. Theo do,
may lanh c6 bau hap phu véi thiét b trao ddi
nhiét bang SS c6 kha ning lam viéc twong dbi
thap so v&i Cu va Al. Trong khi d6, su sai khac
ctia Cu so v6i Al 1a khong dang ké. Boi vi hé
s6 dan nhiét 16n, nhiét dung riéng nho, bau hap
phu v&i thiét bi trao d6i nhiét bang Cu c6 tdc
d6 truyén nhiét va truyén khoi cao nhat: Téng
luong hap phu cuc dai, Aq, . = 0.1155 kg/kg,
Cong suét lam lanh riéng, SCP =262.79 W/kg,
cao hon so voi cac thong sé tuong Gng cta hé
thdng c6 thiét bi trao d6i nhiét bang Al 1an luot
1a 1.4% va 1.76%. Tuy nhién, ty trong riéng cuia
Cu tuong doi 16n, p = 3.3p, , lugng nhiét b
gitr lai trong vat li¢u thiét bi trao d61 nhiét nhiéu
hon. Két qua 1a hé thong véi thiét bi trao d6i
nhiét béng Al dat dugc hé sb 1am lanh cao nhét,
COP=0.515, cao hon khoang 6.2% va 29.72%
so voi Cu va SS.

CluadHEX|
AladHEX
S8-adHEX

q (kghg)
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Hinh 3. Pdc tinh truyén nhiét va truyén khoi trong
bau hap phu ung voi cac vdt liéu khdac nhau cua
thiét bi trao doi nhiét

Bdng 5. Cdc chi tiéu danh gid chat lwong lam viéc
cua hé thong

2 A K1 Cong suat
Vat Tor:g lwong | HE so lam 1am lanh
liéu hap phu lanh riéng
Aq,, (kg/kg) Ccop SCP (W/kg)
Cu 0.1155 0.485 262.79
Al 0.1139 0.515 258.24
SS 0.0652 0.397 119.87

4. KET LUAN VA KIEN NGHI

Bai bao thuc hién mé phong sb dap ung
nhiét dong luc hoc ctia bau hap phu vai thiét bi
trao d6i nhiét dang dng — canh tan nhiét, lam co
s¢ danh gia anh hudng cia vt liéu ché tao thiét
bi trao d6i nhiét ctia bau hip phu dén dic tinh
truyén nhiét, truyén khoéi va kha nang lam viéc
ctia hé thong 1am lanh bang cong nghé hap phu.
Ba loai vat liéu pho bién dung cho thiét bi trao
ddi nhiét duoc lya chon dé thuc hién khao sat.
Tir két qua dat dugc, c6 thé két luan nhu sau:

* Vat liéu c6 hé s6 dan nhiét cao, ty
trong nho, nhiét dung riéng thip cung cap kha
nang truyén nhiét tét hon, do d6 hiéu qua lam
lanh cao hon.
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* Vat li¢u c6 ty trong 16n khong nhiing
lam tang khdi lugng ma con tiéu thu nhiéu
nhiét hon, do d6 lam giam hiéu suat nhiét cua
hé théng.

* Vat li¢u c6 nhiét dung riéng 16m s€ [am
cham toc do truyén nhiét, kéo dai thoi gian chu
trinh, dan dén hi¢u qué lam lanh thap.
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