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Phan tich Iy thuyét va thuc nghiém xac dinh
nhi¢t do phat sinh t61 vu cua may lanh hap
thu NH3-H20 san xuat nudc da

Nguyén Hiéu Nghia®, Lé Chi Hiép? Hoang An Qudc?

Tém tit— Chu trinh may lanh hép thu si dung
cip lwu chit NHs-H20 quen thude dang dwge phat
trién rong rii. Tuy nhién, hiu hét cic nghién ciu
trwée diy mang tinh 1y thuyét vé hé théng va dirng
lai & cdc tng dung thye nghiém cho tirng nhu ciu
riéng biét hodic chi cé cac nghién ciru thuc nghiém
don 1€ cho ciac by phin ciia may. Bai bdo nay trinh
bay cac diém trang thai ciia cic lwu chét trong may
lanh hép thu thiét ké 1a s két hop giira Iy thuyét tinh
toan va do dac thwc té ciia may lanh hip thu hoan
chinh trong diéu kién hoat dong 6n dinh. Bai bio
trinh bay t6i wu diéu kién hoat dong cho toan hé
théng theo diéu ki¢n méi truomg tai Viét Nam ciing
nhu sy dip wng cia ngudn nhiét cip. Méi twong
quan cia nhiét do phat sinh t6i wu theo nhiét d
ngung tu, nhiét dd hip thu, nhiét dé bay hoi ciia cac
bo phan trong hé théng dwoc thiét 1ap bing mot
phwong trinh hdi quy da bién. Cic mé phéng nhiét
d§ phat sinh ctia may duwgc so sanh véi thue nghiém
¢6 sai so trung binh 13 1,2%; so vé6i cac nghién ciu
khac c6 sai s tir 2 téi 7% theo hé s6 hiéu suat tdi wu.

Tir khéa— May lanh hip thu, dung dich NHs-
H20, nhiét dj phat sinh, nhiét d§ phat sinh toi wu.

1 GIOI THIEU
hi phi van hanh téng ctia may lanh hip thy
cha yéu 1a do ngudn nhiét cip dé phat sinh
hoi. May lanh hép thu st dung ngudn nhiét chét
lwong thip. Ngay ca tmg dung san xuét nudc da,
nhi¢t d6 ngudn nhiét cling khong can qua cao
(120-150 °C) c6 thé sir dung cic ngudn nhiét thai
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dé nang cao hi¢u suat két hop ctia toan hé thong.

Viée thiét ké may lanh hép thu thuong bit dau
voi viée phan tich nhi¢t dong cia chu trinh dé
xuit. Cac nha nghién clru tap trung vao cac chu
trinh nhiét dong phirc tap khac nhau dé tim ra hé
s6 hiéu suat 1y thuyét [1-4].

Viéc phan tich va danh gia hiéu suat may lanh
hép thu thong qua nhiét do, ap suét, néng do, va
entanpy cua cac diém trang thai trong hé thong. Hé
s6 hiéu sut (COP) cua may lanh hép thu dugc xac
dinh theo nhiét d§ hoat dong cta bd bay hoi, bd
hép thy, bd ngung tu, va bg phat sinh va sy khong
thuan nghich trong cic qua trinh truyén nhiét.
Theo nhiéu nghién ciru, két luan chung duoc rit ra
la: COP giam khi nhiét do hép thu hodc nhiét do
ngung tu ting, nhiét do bay hoi giam, sy khong
thuén nghich tang. Bién dbi ciia COP theo nhiét do
phat sinh hoi NH3z dugc xem xét dé tim ra nhiét do
phét sinh hoi t&i wu. Tai nhiét d¢ phat sinh téi wu
nay thi COP cta may lanh hép thu dat cuc dai.

Ngoai thiét ké vé két cdu, dién tich trao ddi
nhiét, va cach bd tri hé thdng; may lanh hép thu
thuong hoat dong ngoai diém thiét ké do su thay
ddi cua cac yéu cu 1am lanh hodc diéu kién bén
ngoai. Nhiét d6 bay hoi NHz do yéu cAu nhiét do
lam lanh va tai lanh quyét dinh. Nhiét d ngung tu
hoi NH3z do nhiét d¢ va luu lugng nudc giai nhiét
quyét dinh. Nhiét d6 hip thu hoi NH3 vao dung
dich lodng NH3-H>O do nhiét d¢ va luu lugng
nude gidi nhiét; luvu luong, n(“)ng do, va nhiét do
dung dich loang vao bo hép thy; Iuu luwong va nhiét
d6 dong hoi NHs vao bo hip thu quyét dinh. Nhiét
d6 phat sinh hoi do chat lugng nhiét, tinh 6n dinh
cla nguén nhiét cép, va do sy thay ddi cua nhiét do
ngung ty, nhiét do bay hoi, nhiét d6 hip thu quyét
dinh. Nhiét d9 phat sinh thay ddi 1am cho COP cua
méy lanh hap thy thay doi.
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Hinh 1. So dd thiét ké cua may lanh hap thu NH;-H,0

May lanh hép thu dang dugc cac nha khoa hoc
Viét Nam tap trung nghién cuu theo hudng ung
dung dé san xudt nude da . Bai bao ndy trinh bay
vé mo phong hé thdng lanh hép thu NH3-H,O hoat
dong theo pham vi nhiét d6 hoat dong cua tirng bd
phan: bay hoi, ngung ty, hip thy, phat sinh dé cé
thé quan sat dugc nhiét d6 khoi dong, nhiét do cit
ciia hé thong va dugc minh hoa bang cac duong
dic tinh. Két qua cta nghién ctu dat dugc:

e Ung dung san xuét nuéc da theo didu
kién khi hau tai TP. H6 Chi Minh

e Xay dung phuong trinh tinh nhiét d¢
phat sinh t6i wu theo mbi twong quan véi
nhiét do ngung ty, hip thy, bay hoi cia cac
bd phan trong hé thong.

2 MO HINH THIi NGHIEM

Thiét ké mdy lanh hép thu

Hinh 1 trinh bay so d thiét ké cua may lanh hép
thu NHs-H,0. Cac phuong trinh cén bang ning
lwong, can bang luu luong khéi lwong giita cac
dong luu chit, d6 chénh nhiét do trung binh log
dung dé tinh dién tich trao ddi nhiét cua ting bd
phén trong hé théng duoc thuc hién. Mo hinh toan
dugc phat trién dé phan tich hiéu suét cua cho hé
thong thi nghiém dién hinh.

Entanpy 1, kl/kg
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Néng d6 khéi lwong dung dich NH3-HLO

Hinh 2. B4 thi i-C cua may lanh hap thu thiét ké

Céac diém trang thai dugc trinh bay trén dd thi i-
C cua may lanh hép thu. Qua trinh 6-7-8 thé hién
mach dung dich lodng, Qua trinh 2-3-4 thé hién
mach dung dich ddm dac, Qua trinh 10-11-12-13-1
thé hién mach 1am lanh ciia dong hoi NH3 gan tinh
khiét. Piém 5 ctia hoi NH3 r&i khoi binh phat sinh
kéo theo nhiéu hoi nudc s& anh huéng dén hidu
suét ctia hé thong. Lwong hoi nudc bi kéo theo can
phai dugc tach ra khoi hoi NH3 nho ¢t chiét tach.
Vi thé, hiu hét lvong hoi nudce trong hdn hop duoc
tach ra tor sy lam mat va ngung tu, sau d6 tro lai
binh phat sinh & trang thai 9. Két qua 1a dong hoi
NHz & trang thai 10 gin tinh khiét di vao binh
ngung theo hinh 2.
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Hinh 3. Nudc da tir mo hinh nghién ctu

Hinh 3, Khéi nuéc da duoc san xuit tir mo hinh
may lanh hép thu theo so d thiét k& hinh 1.

Mo hinh toan dugc thiét 1ap dé phan tich hiéu
suét ciia hé thong thuc nghiém tinh toan dién hinh.
Nhiét d¢ va ap suit cua luu chét 1am viée dua trén
cac gia tri thiét ké két hop vai do dac thuc nghiém
cua mo hinh may lanh hép thu hoan chinh va hoat
dong 6n dinh. Cac phuong trinh nhiét dong cua cac
bd phan dam bao cin bang niang luong va khdi
lwong. Su phan tich thé tich kiém tra cua timg bo
phan (binh phat sinh, cot chiét tach, binh ngung tu,
b bay hoi, bd hip thu, b trao d6i nhiét dung dich,
bom dung dich, van tiét luu dung dich loang, va
van tiét luu moi chat lanh). Hinh 4 trinh bay luu d6
thuat toan ctia bai toan mo phong méy lanh hép thu
s& dwoc giai bang ngdn ngit 1ap trinh MATLAB.

( e dinh =), P =5t

[ Dy doiin P, Py, Ps, Pa, P2 Py, Pra, Pri theo Pe }
1
[ Xie dinh Co = (15, Pr), diém 6, 5.9, 10. 11, 13 ]
1}
[ Dy dodn Py, Pz theo Py; Py, Py, theo P2 ]
L]

Xic dinh Cov= [12, P2)

[ Xio dinh 4 = [Cu, Cap, Cusk: My, mues; didm 2, 1, 12,3, 7, 8. 4. ms, mu ]

[ Diura Qu. Qe, Qe 0. COP, s, Cos, ]

Hinh 4. Luu dd thuat toan

Téc dé truyén nhiét (Qi) [5, 6, 8, 10, 11, 12, 13,
14, 15]

Qi - cjz:l|:(m05 'ia )in + (ma'i )out] (1)
Zi)til(mo‘ )in - (szl(ma )out 2

Trong do:

i- Entanpy riéng (kJ/kg)

m -Luu luong khéi lwong (kg/s)

H¢ s6 entanpy

Hoat dong ctia hé théng dugc danh gia theo
phuong trinh hé sé entanpy [8]:

z=(i_%_i) 3)

Trong d6, i 1a entanpy cta luu chét theo 4p suat
cho trude; i Va iy 1an luot 14 entanpy cua luu chat
16ng bio hoa va hoi bdo hoa tai cung ap sut. Tur
dinh nghia y, co thé biét dugc trang thai cua luu
chat nhu sau: 3 < 0 1a qua lanh, x = 0 1a long bdo
hoa, 0< y < 1 1a hai pha, y = 1 1a hoi bao hoa, va x
> 1 la hoi qua nhiét.

Hiéu sudt ciia hé théng [5, 6, 7, 8, 10, 11, 12,
13, 14, 15]

Hiéu suét nhiét ciia hé thong (COP) 14 ti s giira
nhiét lugng thu dugc tr moi trudng can lam lanh
thong qua bd bay hoi so v6i nhiét cap vao binh
phat sinh dé van hanh chu trinh.

COoP= Q%g @)

Trong do:

Q. Cong suét lanh (kW)

Qg Cong sut nhiét cdp vao binh phat sinh (kW)

Cic hé sé nhigt dpng

Trang thai can bang cua hoi NH3 theo ap suit,
nhiét do, va entanpy ¢ trang thai bdo hoa [6]. Cac
thong sb nhiét dong va nhiét vat 1y cia dung dich
tinh theo AAZatorski proposal [7].

Boi s6 tuan hoan A 1a ti s6 cua luu lugng khdi
luong dung dich lodng va luu luong khdi lugng
dong hoi moi chit lanh [6, 7].

ﬂ’ — mWS — ClO _CW (5)
m Cs - Cw
Trong d6, mys Va My 1a luu lugng khdi lugng
ctia dung dich lodng va moi chét lanh, (lit/phut).
Cio, Cw, Cs lan luot 1a néng do khéi luong cua
diém trang thai 10, ndng d6 dung dich loing, ndng
d0 dung dich dam dac.
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Bang 1. Cac diém trang thai ciia mo hinh may lanh hip thu thiét ké

45

Piém NH;-H,O p (bar) t(°C) C h (kJ/kg) m (kg/s) % Trang thai
1 NH; 2 -1 0,996 1287,6 0,0015 1,0281 Hoi qua nhiét
2 NH;-H,0 2 38 0,348 -106,16 0,0163 0 Long qua lanh
3 NH;-H,0 13,7 41,9 0,348 -87,66 0,0163 -0,1421 Long qua lanh
4 NH;-H,0 13,63 96,48 0,348 159,201 0,0163 -0,0177 Long qua lanh
5 NH;-H,0 13,6 115,7 0,913 1584,5 0,0017 1,1354 Hoi qua nhiét
6 NH;-H,0 13,57 107,6 0,284 249,53 0,0148 0 Long bao hoa
7 NH;-H,0 135 47 0,284 -22,38 0,0148 -0,1596 Long qua lanh
8 NH;-H,0 2,02 47,18 0,284 -22,38 0,0148 -0,0062 Long qua lanh
9 H,0 13,6 102,8 0 426,97 0,000226 0 Long bao hoa
10 NH; 13,55 102,8 0,995 1481,9 0,0015 1,161 Hoi qua nhiét
11 NH; 135 34,6 0,995 1574,73 0,0015 0 Long b&o hoa
12 NH; 2,13 -19 0,995 1574,73 0,0015 0,184 Hai pha

13 NH; 2,02 -19 0,995 1250 0,0015 1 Hoi bao hoa

3 KET QUA VA THAO LUAN.
3.1 Tinh cho diéu kién cu thé

Theo diéu kién méi truong tai TP. H6 Chi Minh
va ngudn nhiét cap vao dap img dugc nhu cu lam
nuéce da. Theo so d6 thiét ké ¢ hinh 1, dit liéu dau
vao: nhiét d6 ngung tu cta hoi NHs (tc= 34,5 °C),
nhiét d6 hap thu ciia dung dich NH3-H,0O dam dic
roi khoi bo hip thu (t;= 38°C), nhiét do bay hoi
ciia NH3 trong b bay hoi (te= -19 °C), cdng suit
dién cdp vao Psyppy= 3,76 kW, nhiét o phat sinh
cua dung dich trong binh phat sinh tg= 118 °C.
Tinh chit nhiét dong tai cac trang thai khac nhau
ctia hé thong duoc thé hién trong bang 1.

Tai nhiét cia cac bo phan bay hoi, ngung tu, hap
thy, phat s1nh cot chlet tach, cong sudt bom dung
dich, hé s6 hiéu suét nhiét ctia hé thong lan luot 1a
Qe= 1,65 kW; Q= 1,94 kW; Qa= 3,29 kW; Q4=
3,687 kW; Qg= 0,41 kW; Qp_ou= 0,3 kW; COPn=
0,45. Boi s6 tudn hoan A= 11. Thi nghiém dugc
thuc hién cho may lanh hép thu hoan chinh va hoat
dong on dinh.

3.2 M6 phong nhiét do van hanh hé théng

Su thay ddi hé sé hiéu suét theo nhiét do van
hanh dung dich NH3-H>O trong binh phat sinh véi
nhiét do bay hoi yéu cdu méi chat lanh NHs trong
bd bay hoi, nhiét d¢ ngung tu méi chét lanh NH3
trong binh ngung tu, nhiét d¢ dung dich NH3-H>O
ra khoi bo hap thu 1an lugc thé hién qua cac hinh 5,
6, 7.

Trong cac truong hop thay ddi nhiét d¢ bay hoi
ctia moi chit lanh trong b bay hoi, nhi¢t do dung
dich trong b phat sinh ting 1am cho COP ting rét
nhanh va dat cuc dai. Néu tiép tuc tang nhiét do
phét sinh thi COP giam. Nhiét d¢ bay hoi cang

thdp, hé thong c6 nhiét do phat sinh khoi dong
cang cao, thi COP cyc dai cang thép. Theo hinh 5,
t.= 32°C; t,=33°C. Nhiét do phat sinh t6i wu dat
dugc tqop= [97, 107, 113, 117, 123] (°C) tuong
ng véi hé¢ sO hi¢u sudt nhiét tdi uu COPop=
[0,5285; 0,4922; 0,4743; 0,4577; 0,4420] khi nhiét
d6 bay hoi lan luot 1a te= [-5, -11, -14, -17, -20]
(°C).
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Hinh 5. COP va nhiét do phat sinh tai cac nhiét d6 bay

Trong céc trudng hop thay dbi nhiét do ngung
tu trong bo ngung tu, nhiét d6 dung dich trong bd
phét sinh ting lam cho COP ting rat nhanh va dat
cuc dai. Néu tiép tuc ting nhiét do phat sinh thi
COP giam. Nhiét d6 ngung tu cang thép, hé thong
¢6 nhiét do phat sinh khéi dong cang thap, thi COP
cuc dai cang cao. Theo hinh 6, te= -16 °C; t.= 33
°C. Nhiét d¢ phat sinh ti wu dat dugc tg op= [109;
112; 114; 117; 119] (°C) tuong tmg v&i hé s hiéu
suat nhiét t6i wu COPox= [0,4748; 0,4690; 0,4637;
0,4578; 0,4519] khi nhiét d6 ngung tu hoi NHj lan
luot 14 t= [28; 30; 32; 34; 36] (°C).
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Hinh 6. COP va nhiét d0 phat sinh tai cac nhiét d6 ngung tu

Trong cac trudng hop thay dbi nhiét d6 hap thu
cua dung dich ra khoi bo hép thu, nhiét d¢ dung
dich trong bo phat sinh ting lam cho COP ting rét
nhanh va dat cuc dai. Néu tiép tuc tang nhiét do
phat sinh thi COP giam. Ung vdi timg nhiét d6 hap
thu cang thap, hé théng c6 nhiét d6 phat sinh khoi
dong cang thép, thi COP cuc dai cang cao. Theo
hinh 7, t.= 32 °C; te= -16 °C. Nhiét d6 phat sinh t6i
uu dat duoc tg op= [109 111; 114, 116 119] (°C)
twong ing v6i hé s6 higu suat nhiét t6i wu COPop=
[0,4771; 0,4714; 0,4665; 0,4606; 0,4554] khi nhiét
do hép thu cia dung dich NH3-H,O dam déc ra
khoi bo hap thu 1an luot 1a t.= [28; 30; 32; 34; 36]
(°C).
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Hinh 7. COP va nhiét d0 phat sinh tai cac nhiét do hép thu
3.3 Ddnh gia dj sai léch

Theo hinh 8, hé s hiéu sut may lanh dang khao
sat khi dung dich nudc mudi duoc 1am lanh tir -10
°C dén -19°C. Poan biéu didn COPeory khi nhiét
dd nudec mudi tir nhiét do moi truong 30°C t6i -10
°C (duong COPieory khong lién tuc) khong phai la
doan kiém tra. Poan biéu dién COPtheory khi nhiét
d6 dung dich nwéc mudi tir -10°C téi -19°C (dudng
COPtheory lién tuc), COPtneoy= 0,43 so véi thuc
nghiém COPg=0,425, sai s6 trung binh 1a 1,2%.
Sai s6 gitta COPneory VA COPEyp Khi tnaci=30 + -10

(°C) 16n vi day la giai doan theo 1y thuyét may
lanh hap thu lam viéc & ché do nhiét d6 1am lanh
cao thi COP 16n trong khi COPgyp, c6 dugc tir ché
d6 nhiét do lam lanh thap (ché do lam nudc da).
COPhheory giam xudng déan khi nhiét d6 nuéc mudi
giam va phu hgp voi COPgxp khi tnaci=-10 +-19
(°C) Vi COPiheory durge thiét 1ap theo diéu kién lam
nudc da trong giai doan nay, phu hop diéu kién
lam nudc da theo COPgyp.

So sanh céc sd liéu trinh bay trong tai liéu [8] c6
sai s6 12 2% va duong dic tinh COP gan nhu tring
nhau. So véi tai liéu [9] thi sai s6 1a 7%. Tuong tu,
Céc d6 thi mo phong phu hop véi cac tai lidu [6],
[10], [11], [12], [13], [14]; mic du diéu kién mo
phong khéac nhau va pham vi anh hudng nhiét do
clia cac b phan trong hé thong ciing khong hoan
toan twong duong nhung cac két qua mod phong
déu twong ddng cho thiy cac két qua cua chuong
trinh 14 hoan toan hop 1y. P9 sai léch cua két qua
md phong may lanh hip thu NHs-H,0 so véi cac
két qua thyc nghiém dugc xac dinh thdong qua hé
s6 hiéu sut nhiét cia hé théng (COP).

3.4 Xdc dinh nhiét dp phdt sinh toi wu

Mbi twong quan cia nhiét do phat sinh tdi wu
theo nhiét d§ ngung tu, hép thy, bay hoi cta cac bd
phan trong hé théng duoc thiét 1ap bang phuong
phap hdi quy da bién. Phuong trinh dugc Gng dung
trong pham vi nhiét dg: bay hoi cia moi chét lanh
trong bd bay hoi, ngung tu ctia moi chét lanh trong
binh ngung tu, hap thy cta dung dich ra khéi bd
hép thy, phat sinh ctia dung dich trong binh phat
sinh 14n lugt 1a (-20 °C < te < -10 °C, 30 °C < t, <
35°C,30°C <t;<38°C, 95 °C < t5<125 °C).
ty = 12,6796 - 3,0104*t. + 3,0812*t. +
0,0350*te*t. — 0,0103*t."2 — 0,0216*t"2 (6)
ty = 237,3176 + 18,9164*t. — 6,0848*t; — 5,9778*t,
— 0,6652*t.*t; — 0,6449*t*ta + 0,2696*t*ta +
0,0206*te*tc*ta — 0,0103*t"2 — 0,0216*t"2 —
0,0184*t"2 (7

Vi du: tg opt= f(te, tc ,ta )= f(-18, 35, 35)=123,7°C.
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Bang 2. Mot s diéu kién van hanh thuong gap

TT [ ©(°C) | & (°C) | ta (°C) | tg, opt (°C)
1| -18 33 34 | 120,98
2 | -18 34 34 | 121,08
3 | -18 35 34 | 12294
4 | 18 33 35 122

5 | -18 34 35 1229
6 | -18 35 35 | 123,76
7 | 18 33 36 | 122,99
8 | -18 34 36 | 123,79
9 | -18 35 36 | 124,55

Béng 2 trinh bay nhiét do bay hoi t6i wu tg, opt
(°C) theo nhiét o bay hoi yéu cau te = -18 (°C),
nhiét 46 1am viéc trong binh ngung tu va trong bd
phat sinh 1an luot 1a t. = [33+35] (°C) va t, =
[34+36] (°C) dugc tinh tir phuong trinh hdi quy da
bién (7). Nguoi van hanh c6 thé didu khién cap
nhiét theo nhiét 6 phat sinh téi wu nhanh chéng d&
dang va thuan tién.

4 KET LUAN.

Mot chuong trinh mé phong hoat dong cua may
lanh hép thu duoc thiét 1ap, 1a su két hop gitra tinh
toan li thuyét va do dac thuc t& duoc khéng dinh 1a
phil hop véi mé hinh thyc vé& mat thiét ké va van
hanh.

COP cuia hé théng giam khi nhiét d6 bay hoi cua
mdi chat lanh giam, nhiét d6 ngung tu cia moi
chét tang, nhiét d6 hdp thu dung dich ra khoi bd
hap thy ting.

Mbi twong quan cuia nhiét do phat sinh t&i uu
theo nhiét d6 bay hoi cia méi chat lanh trong b
bay hoi, ngung tu ctia mdi chat lanh trong binh
ngung tu, hdp thy ciia dung dich ra khoi bo hip
thu, phat sinh cua dung dich trong binh phat sinh
lan Iuot 1a (-20 °C < te < -10 °C, 30 °C < t. < 35 °C,
30 °C < t, < 38 °C, 95 °C < ty < 125 °C) theo mdi
quan hé (7).
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Theoretical and experimental analysis
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temperature of NH3-HO absorption
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Nguyen Hieu Nghia %, Le Chi Hiep 2, Hoang An Quoc 3
! Faculty of Heat & Refrigeration Engineering, Industry University of Ho Chi Minh City
2 Department of Heat & Refrigeration, Ho Chi Minh City University of Technology, Vietnam National
University — Ho Chi Minh City
3 Science Technology Office, Ho Chi Minh City University of Technology and Education, Vietnam.

Abstract—Absorption refrigeration cycle used a common mixture of NH3-H20 has been developing
widely. However, almost previous studies are system theory studies and exclusive applications or
experimental studies for each component of the system. This paper is (shown?) showed the state points of
the fluids in designed NH3-H20 absorption refrigeration machine that is the corporation of theoritical
(theoretical?) calculations and practical measurements of a completed machine and steady working. The
purpose of this paper is optimizing the working condition for (the?) entire machine according to the
condition in Vietnam and satisfying the heat supplying (supply?). The correlation of optimal generation
temperature with condensation, absorption and evaporation temperatures of the machine components are
set into (a?) an regression equation which was established in the multivariate regression method. The
optimal coefficients of performance were compared with experiments having the average deviation is
1.2% and with other studies having the deviations are from 2 to 7%.

Index Terms—absorption refrigeration machine, NH3-H20O solution, generation temperature, optimal
generation temperature.



