NGHIEN Cl’U HE THONG CUNG CAP NU'O'C NONG SUr

DUNG NANG LUONG MAT TROI CO TR NHIET
RESEARCH ON HOT SOLAR WATER SYSTEM USING HEAT STORAGE

SVTH: TRUONG MINH TOAN
Lop 05N2, Truong Dai Hoc Bach Khoa,Dai Hoc Pa Nc%ng
GVHD: PGS.TS. HOANG DUCONG HUNG
Khoa Cong Nghé Nhiét — Pién Lanh, Pai Hoc Bach Khoa Da chng

TOM TAT

Ngay nay, bén canh cac ngudn nang lveng sach nhw nang lwgng gio, dia nhiét...nang lwgng Mat troi da
dwoc khai thac va rng dung nhiéu trong nh|eu [inh vyec. M6t trong nhirng rng dung cu thé va hiéu qua la
st dung bd thu nang lwong mét troi dé cip nhiét phuc vu cho san xuét va s dung trong gia dinh. Tuy
nhién, do sw léch pha gira chu ky clia nang lwgng mat troi va chu ky st dung nhiét trong binh tich tri
nén sy thiéu hut ngudn nhiét cho nhu cau str dung trong subt thdi gian ban dém la khong thé tranh khai.
Hé théng tich trir nang lwong nhiét &n st dung chat chuyén pha Ia méi trwdng tich trir cé nhirng thuan loi
nhu: dung lwong tich trir nhiét cao, kich thwdc thiét bi nhd gon va déc tinh dang nhiét trong subt qua
trinh chuyén pha

ABSTRACT

Today, along with renewable energy resources such as Wind, Geothermal energy...Solar energy has
been exploiting and applying to domestic and industrial fields. One of the effective application of Solar
energy is utilizing the Solar collector to supply hot water for industrial and domestic purposes. However,
storage of solar energy as sensible heat has been inefficient means of thermal energy storage because of
the intermittent nature of solar. Conversely, latent heat thermal energy storage systems using paraffin as
a storage medium offers advantages such as high heat storage capacity, small unit size and isothermal
behavior during phase change period.

1. Mé dau

Do toc do phat trién vé& nhu ciu ning luong ciia con ngudi ting rit nhanh, trong khi cac
ngudn ning luong hoa thach 13 ¢6 han va viée sir dung cic ngudn nhién lidu nay da thai ra moi
truong céc loai khi doc 1am 6 nhiém moi truong ma hau qua tac hai 1a da lam thay ddi khi hau,
tac dong xau dén cudc séng hién nay va twong lai ciia con ngudi. Do vay, cac ngudn ning luong
moi nhu nang luong mat troi (NLMT) da va dang dugc nghién clru st dung ngay cang nhiéu
nhim thay thé dan cac ngudn ning luong truyen thong g6p phan bao vé moi trudng. Mot thiét b
nang lugng mat troi dang duge dung rat phd bién hién nay 1a hé¢ thong nuéc néng dung nang
lwong mat troi sir dung trong cac hd gia dinh, nhung trong thuc té qua trinh hap thu NLMT cuaa
hé thong thiét bi va sir dung ning lugng cua ho tiéu thy khong twong tng véi nhau vé mit thoi
gian ciing nhu vé cong suét nén viéc nghién cuu h¢ théng tich trir nhiét tur ngudn NLMT dé cap
nhiét hiéu qua cho nhu cau dan dung va ~cong nghiép la rat can thiét va c6 y nghia rat 16n trong
viéc gép phan thuc hién chuong trinh qudc gia vé tiét kiém ning luong va bao vé méi trudng.

I Tinh toan thiét ké
2.1 Tinh toan nhiét cho bo thu ‘
2.2.1. Tinh todn nhiét cho bg thu phing 2m’ :

Muc dich 1a 1ap phuong trinh can béng nhiét dé xac dinh ham phan bd nhiét do ctia mdi chat
1ong trong bo thu nang lugng mit troi trong chu ky mot ngay dé danh gia kha ning lam viée cua
bo thu va tir 6 xac dinh thong s6 dac trung cua bd thu.
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Hinh 2.1 Cdu tao bé thu kiéu hop tam phdng.

Tinh toan cho médt bd thu tim phéng ¢6 cAu tao nhu hinh 2.2. Hop thu c6 kich thudce
axbxd=1,2x 1,6 x 0,01 m3, duoc lam béng thép day &,= 0,001 m, Cyp =460 J/kg. Mét thu F, =
1,92 m?, d6 den € = 0,95; 16p khong khi day 8 = 0,01m; tAm kinh day &= 0,005m; A, = 0,8
W/mK; do trong D = 0,95. Lop cach nhiét béng thuy tinh day 6.= 0,05m; A. = 0,055W/mK.
Dong nudce qua bd thu c6 G = 0,0045kg/s véi to = 28°C . Cudng do birc xa cuc dai E, 14y trung
binh trong nam tai Da Ning ¢ vi d6 16° Bic la: E, = 940 W/m’.

Can tim ham phén bd nhiét d6 chat 1ong trong bo thu theo thoi gian t va tat ca cac thong sb da
cho :

t=t (7, abdd;, myCo, mC,, eDFy, G, Oc, Okk» OK» Acy Akks AKs O, to, @0, En).
Lap hé phuong trinh vi phan can bang nhiét cho hop thu :
T’(t) + bT(1) = asin®(@1) (1)
{ v6i diéu kién dau T(0) = 0 )
Giai hé phuong trinh trén ta tim dugc ham phan b nhiét d6 méi chit trong hop thu :

Hinh 2.5

b j_ e’
2w L4 (%W)z rhaen 190

Bang 2.1 Cdc théng s6 ddic trung ciia panel tinh 2m’

2wt + artg

T(r)= =z I—Lsin(
2b Vb + 4w’

Théng so tinh toan Cong thirc tinh Gia tri Don vi
D0 gia nhiét max T - a 1+ b ) 60 ic
2b b +4w’
Nhiét ¢ max a b 88 e
tn=ter — (1 + —=)
b b* +40°
Thoi diém dat Ty, 3 b 58 h
Tm=Tn (— ——artg —j
4z 20
Nhiét do cudi ngay 2am? 33 c
c= t0 +
b(4w’ +b?)
D¢ gia nhiét TB _a 31,25 ’C
" 2b




Cong suat hiru ich TB a 587,8 W
Q= —GC,
2b
San lugng nhiét 1 25 MJ
G g s Q= ar, GC,
ngay 4b
Hiéu suét nhiét panel mGC, 51,15 %
n 4bEnK

2.2 Tinh todn binh trit nhigt
Cong suét thira ctia bo thu: Q = G.Cp.At = 0,0045.4180.(88-60)=526,68 W
Thoi gian bt diu 1am néng nude & 60°C

=2,96h

A 20

_ T, b .
Ts1— — | w —artg— +arsin
ab

{(%Tn _a)—\'bz“‘a’2 J

Thoi gian két thuc 1am néng nude

_ T, b )
T2 = —~| 2w —artg — 4+ arsin
4 [ 2

T w ab

2 2
{(sz,, _g)Nb e ] 8,26 h
Thoi gian 1am ndng nudc: At =ty - 15 = 8,26-2,96 =5,3 h
Nhiét luong thira thu dugce tir bd thu :Q; = Q. A1=526,68.5,3.3600 = 10049,05 KJ
Nhiét d6 nong chay cua paraffin 1a t. = 52°C;
Nhiét dd nude ¢ dau ra binh chira chon t, = 45°C

Khéi lwong parafin can dung 13 :G = 2
Cpr(tm _tc)+ r+ Cpl(tc _tr)
_ 10049,05 36,1 kg
2,9(60—-52)+220+2,93(52 - 45)
2 o1 A s G _ 36l .
Thé tich paraffincan dungla : V= —= =~ 40 lit
p 09
—

nudc ndng dem di su
dung

Binh tich nhiét

TT——————— van3 dudng nudc lanh vao

Hinh 2.2 So dé cdu tao hé thong nwée néng ding nang heong mat troi c6 trik nhiét

B¢ thu NLMT

van

nudc lanh td binh chda
vao

2.3 So sdnh hi¢u qud ciia phwong dn cung cdp nwéc néng bang ning lwong mit troi cé tri
nhi¢t va khong co trit nhigt
a) Hé¢ thong st dung chat chuyén pha dung binh chura 80 lit



_Luong nhiét can thiét dé 1am tang nhiét d6 nude tir t, dén Ty, =60°C

Qct
_Nhiét tich trir cua parafﬁn la: Qu =

_ Nhiét hitu ich hé thong nhan duoc : Qy;

M. Cpn. At=40.1.16.(60 -28) =1,48 KWh
my. Cpr (te-t

o) Hr.metmy.Cp.(ty-te) = 3,42 KWh

=Q +Qu = 1,48+ 3,42 =4,9 KWh

b) Hé thdng khong sir dung chit chuyén pha dung binh chira 80 lit
_Luogng nhiét can thiét dé 1am tang nhiét d§ nudc tu t, dén T,, =65°C

Qe =

_Nhiét tich trlr ctia nuoc la: Qy =
_Nhiét hiru ich h¢ thong nhan duoc : Qp;

my.Cpn. At = 80.1.16.(65 -28) =3,43 KWh
My.Cpn( Ta-to) = 0,58 KWh

=Q +Qu=3,43+ 0,58 =4,01 KWh

c¢)Hé thong khong sir dung chét chuyén pha dung binh chira 120 lit
_Luong nhiét can thiét dé 1am tang nhiét do nude tir t, dén Ty, =56"C

Qct

_Nhiét tich trlr cia nudce la: Qy =

. Cyn At=120.1.16.(61 -28) =4,59 KWh
my.Cpn.( Ta-te) = 0,139 KWh

_Nhiét hiru ich hé thong nhan duoc Qp =Q¢¢ +Qu= 4,59+ 0,139 = 4,73 KWh

Bang2.2 So sanh hé thong cé sir dung chdt chuyén pha va khéng sir dung chdt chuyén pha

Loai h¢ théng H¢ tl}éng ¢6 sir dung Hé thong khong sir dung chit chuyén
chat chuyén pha pha
Thé tich binh chira (1) 80 80 120
Dién tich bd thu (m?%) 2 2 2
Nhiét lwgng cung cip Que=4.9.1,92=9,4  D.~4,9.1,92=9.4 Q.. =4,9.1,92=9 4
cho bg thu (KWh)
Nhiét hiru ich h¢ Qni=4,9 KWh Qni=4,01 Quni=4,73
thong nhan dwge
(KWh)
San lugng nwdc nong M =227,6 M=1584 M=186,2
thu dwgc
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Hinh 2.4 D6 thi so sanh gitta binh
chira 80 lit va binh chwra 80 lit co triv
nhiét



2.4 So sdnh hiéu qud kinh té phwong dn cung cip nwéc néng bang nang lwong mdt troi cé triv
nhiét va khong co trir nhiét
a) Hé thong st dung niang luong mit troi khong co trit nhiét dung binh chira 80 lit
Gi4 thanh ban dau caa hé thong : T = 5600000 VND
Luong nude ndng san xudt ra trong 1 ngay M = 1584 lit
Gia st gia thanh 1 kg nudc nong la 300VND
T 5600000
300.M  300.158,4
S6 tién do hé tao ra sau 1 nam : P = 300.158,4.365= 17344800 VND
b) Hé thdng st dung ning lwong mit troi khong co trit nhiét dung binh chtra 120 lit
Gi4 thanh ban du caa hé thong : T = 6500000 VND
Luong nude ndng san xuit ra trong 1 ngay M = 186,2 lit
Gia st gia thanh 1 kg nudc nong la 300VND
T 6500000
300.M  300.198
S6 tién do hé tao ra sau 1 ndm: P = 300.198.365= 20388900 VND
c) Hé thong st dung ning lugng mit troi ¢ trit nhiét ding binh chia 80 lit
Gia thanh ban dau cua hé théng : 2T = Tparatfin + Tihep T Tpanel+binh chia
Tparatfin = 36,1 . 24000 = 866400 VND: T, = 174. 15000 = 2610000 VND
Tpanel+binh chira = 5600000 VND
Vay : YT =866400 + 2610000 + 5600000 = 9076400 VND
Luong nude ndng san xudt ra trong 1 ngay M = 227,6lit
Gia st gia thanh 1 kg nudc nong la 300VND
T 9076400
300.M  300.227,6
S6 tién do hé tao ra sau 1 nam: P = 300.227,6.365= 24922200 VND

Thoi gian hoan von cia hé 1=

~ 117 ngay = 3,9 thang

Thoi gian hoan von cia hé 1=

~119ngay = 3,8 thang

Thoi gian hoan von cua hé:t =

~ 132 ngay = 4,4 thang

Bdng?2.3 So sanh hiéu qud kinh té

Chi tiéu so sanh HéKth(“)ng fé sir dyng Hé théng khéng sir dung chét chuyén pha
chat chuyén pha
Thé tich binh chira (I) 80 80 120
Dién tich b thu (m?) 2 2 2
Séan lwgng nwéc néng M =227.6 M=1584 M=186,2
thu dwoc trong 1 ngay
@
Gia thanh diu twr ban T =9031400 T = 5600000 T = 6500000
dau (VND)
Thoi gian hoan von T =44 thang T =3,9 thang 7= 3,8 thang
So tién do hé tao ra P =24922200 P =17344800 P =20388900
sau 1 nam (VND)

Le¢i nhuén thu dugc P =P-M P=11744800 P = 13888900

trong 1 nam dau tién =15845800
(VND)

2.5. Xdy dung mo hinh thi nghiém




Thiét bi thi nghiém c¢6 Fyane = 2 m®

_ Binh chita duoc ndi véi 2 bd thu Im* méc song
song nhu hinh v&
_ Nuée duoc 14y tir phia du6i binh chira di vao
phia dudi b thu
_ Nudc tir bd thu di ra duge dua vao phia trén binh
chtra
. Nhiét do paraffin va nuéc duoc lay & 2 dau binh
. chua
_ Luu lugng nuéce dugce do d4u ra bd thu
_ Cac 6ng chira paraffin trong binh chira dugc bao
phu boi nude
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D6 thi Nhiét do nuwde dau vao
va ra binh chira theo thoi gian
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D6 thi nhiét o paraffin dau vao va dau
ra theo thoi gian
Hinh 2.6 Gia tri nhiét do do dwoc cua nwoc va paraffin theo thoi gian trong ngay

II1. Két ludn

V6i thé tich binh chtra bang 80 lit thi thé tich binh chira ctia hé thdng st dung paraffin c6 thé
cung cip nudc nong 16n hon hé théng khong sir dung chét chuyén pha dung binh chira 80 lit 1a
69,21it va 29,6 lit so voi hé thdng dung binh chira 120 lit. Tuy nhién gia thanh dau tu ban dau cia
hé théng nay 16n hon do phai chi phi cho chit chuyén pha va cac éng chtra chit d6. Sau khoang
thoi gian 4,4 thang thi hé théng paraffin s& hoan vn.Sau dé cit mdi ngay thi hé thdng paraffin co
loi nhuén 16n hon hé théng dung binh chtra 80 lit 1a 69,2.300= 20760VND va hé théng dung binh
chua 120 1it 41,4. 300 = 12420VND

Véy phuong an st dung hé thong cung cap nudc nong dung nang luong mat troi cd trik nhiét
13 hoan toan hop 1y vé mat kinh té va vé van dé méi truong
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