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Abstract: Tube-in-tube condensers are recently used in a number of cooling systems, but mostly smooth tubes are used, so the efficiency of heat
exchange is low, leading to condensation of refrigerant is not high. In this paper, based on thermal exchange theory, we have determined a set of
formulas for calculating various parameters such as the coefficient of heat exchange, current density of heat exchange, and condensation efficiency,
etc of tube-in-tube condensers with and without straight wings. The set of formulas, cooperating with the published experiment allow to estimate the

efficiency of the equipment economically and technically.
Keywords: Condensers, research process heat exchangers.

Tong h1'thdng lam lanh, thitt bi nglng tw (TBNT)
Co vai tro rét quan trong. Hitu qua lam vilc cua
TBNT anh hling tr(c titp aih cac thong s6 kb
thuét cua toan bd hilthdng lanh, nhii: ning suét lanh,
nhit a6 cén lam lanh, aith nuing tiru thu,... Khi TBNT
hoat a6ng kem, dén ath may nenlam viic Gchad qua
tai, may se nong [i'n, lam tiing nguy ¢ hong hoc valam
giam tdi tho cua may nen. Vivéy, nghith ciu khanting
ting cOUng trao adi nhitt cua TBNT la rét cén thitt. AT
néng cao hiiu qua lam viic cua TBNT, thiit bi phai co
kich thGiic nha gon, do cdng suét truyth nhiit Iin N
TBNT 6ng long dng loai co canh aang allc cac nha
khoa haoc trong inh vic ki thuét nhiit - lanh ré quan tém.

Dadi aéy, tr'rn cu suli thuyit trao adi nhiit, chung
toi finh toan maét s6 théng so ki thuét cua TBNT kitu
Ong 16ng 6ng Vi hai dang: 6ng tran va 6ng co canh
doc thén, qua ao so sanh cac atc tinh ki thuét cua
TBNT mui vii TBNT truyrn théng.

1. Téng quan v TBNT kitu 6ng 16ng 6ng

TBNT kifu 6ng 16ng 6ng giai nhitt bing nddc, altc
dung trong cac may lam lanh va may aitu hoa khong
khii. Thitt bi gém nhiiu doan ndi tiip nhau, mad aoan co
haidng léng nhauvaaldc cutnlaicho gon. NGtc chuyin
aong udng b trong, mdi chétlanh chuyin adng nglic
lai phén khong gian gilia hai 6ng (xem hinh 1).
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Honh 1. M6 hinh TBNT kitu 6ng 16ng 6ng

(Thang 4/2016)

TBNT kiiu 6ng 16ng 6ng co Kit céu nha gon, kha
nuing trao ad nhint Iin vaadic stidung ar'trao adi nhiit
giCa cac chét long Ui nhau, hotc chét long vii méi chét
aang ng(ng tu. Khi thitt bi i chradhoat atng, méi chét
lanh sechuyih adng adi l0u clung blc trong 6ng Wi téc
adcao, quatrinh trao adi nhint gidia chung ré& Itn. Vo véy,
thdi gian ngQing tu cua mai chét lanh se giam va tling
nung suét lam lanh cua may. Tuy nhith, vitc san xuét
thittbitrao adi nhitkiiu 6ng 16ng 6ng aa ha kithuét cao,
cdng nghr ch'tao tiTh tirh v cac I do sau: 6ng khi utn
cong ré&drbibirth dang valamanhhGQungainsichuyin
aong cua mai chét b trong dng.

Ngay nay, TBNT rét aa dang va co nhitu cach
phénloai: TBNT kitu chum 6ng, kiTu 6ng 16ng 6ngva
kitu ttm (hay ban). Trong TBNT kitu 6ng 16ng 6ng
aduc chia thanh hai loai: 6ng 16ng 6ng triin va 6ng
I6hg 6ng co canh.

2. Xéy ding mo hinh tinh toan TBNT 6ng long
ong

2.1. Tinh toan TBNT kiiu 6ng l6ng 6ng tran
(khdng co canh tan nhiit). M6 hinh bai toan addc
miTu tanh( hinh 2, nQtc giai nhiit chuyrn adng b
trong 6ng, moi chétlanh chuyin adng ngludc chituva
ngQng tubTh mut ngoai cua 6ng.
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Honh 2. TBNT kitu 6ng I6ng 6ng trdn
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TrQuc hit, cén tinh toan cac thong so trao adi
nhiTt &6i vai TBNT kiTu 6ng [6ng 6ng khi méi chét ai
ngoai 6ng vanQuc lanh giai nhirtai trong éng. Chon
TBNT lam bung adng, h1i s6 dén nhiitla 4,(w/mk),
adung kinh 6ng ngoai la D, chitu dai cua 6ng la 1m,
lad,/d, Baitoan yTu céu xac ainh cong suét trao adi
nhit, nhitt a6 cua nQdc va moi chét, mét ad dong
nhirt, hT sd trao adi nhirt adi I0u, h so truyth nhiTt
cua thiit bl nay.

2.1.1. Xac ainh cong suét trao adi nhitt Q, nhirt
ad cua nOuc va mdi chét. Theo phdung trinh cén
bung nhiit, nNTu bo qua ton thét nhirt do thiit bi
nha ra cho mai trlng xung quanh thi céng suét
trao adi nhilt gida nddc vii moi chét la
0=G,C,,(t,-1,)=GC, (1, ~1). Trong &o: Qlacdng
suéttrao adinhitt(W); G,, G, laltulGing cuanddc va
moi chét (kg/s); C,,.C,, lanhittdung riTng cua nuc

va méi chét (kJkg.°C); «,¢, la nhitt ad &éu vao cua

p2

ST

ST

la t; =t~ s h = ————.
GC
1~ p 1~ py

2.1.2. Xac ainh a6 chnh nhiit ad trung binh At,
Trong TBNT, nhitt ad nOdc vamai chét atu thay adi
doc theo by mut trao adi nhit, do vey a6 ch'!'nh nhiit
adgilianiucvamai chétcung bith aditheo. AbchTnh
nhiit a6 trung binh As cho ca triiing hdp IGu aéng
thuén chitu va nguc chitu aldc xac ainh bii céng
At—At'

1

th(c: Ar = : Trong ao: At =1, -1 :laad chnh

n
At'

nhit & cua nhiit nddc tai 4éu vao va aéu ra (°C);
At =1, —t,:laad chnh nhittad cua méi chét tai aéu
rava aéu vao (°C).

2.1.3. Xac ainh nhitt aé trung binh cua nGdc, moi
chétvattc ad cua méi chét: - Nhiit ad trung binh cua
nddc (vao - ra) va cua mdi chét la:

| R 1. ...
i =E(tl+tl), tr =E(t2+t2),

- T6c a6 cua nQuc chuyrn adng bin trong 6ng la:

4G, : .
G= 7 Vi p, la khéi 10Ung riTng cua nddc
P4,

(kg/md); - Toc a6 hui cua méi chét (chuytn adng bTn

116| Tap chfii Giao duc SO AUC BITT
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ngoai 6ng) la: @ = P _zr(Dz—dj)pz; vii p,: la
khai IGang ritng cua mai chét (kg/n®), f latiitditn cua
hinh xuyTn num gidia hai 6ng (m2).

2.1.4. Xac ainh hil sd trao adi nhiit adi 10u tai by
muttrong 6ng vamétad dong nhitt

- Xac ainh h' so trao adi nhitt adi 10u tai b1 mot
trong 6ng ¢, : theo lii thuyt truyih nhirt, &1 xac ainh

aduc «,, ridc hit cén xac ainh giatri Re (tiTu chuén
Reynold), Nu (titu chuén Nusselt) va Pr (titu chuén
Prandilty theo cac cong thic thic nghitm:

wd, . . \ A sy _—
Re, = e (1); vui: Re latriso, Re addic xac ainh tai bl
1
mUt trong cua 6ng, d, la adting kinh trong cua 6ng
nho (m), y, laad nhat 46ng hoc cua nQdc G 6ng bTn
trong (m?s).

1
Pr. )+
Taco: Nu, =0,21Re]" Pr® (_fj & (2); Wi Pr,
Pr,

latitu chuén Praduc chontheo nhittad cua chétlong
num i bT mut 6ng, Pr, latitu chuén Praditc chon
theo nhitt &6 cua b1'mut 6ng, ¢, lahT s6 hitu chinh
theo chitu dai 6ng. T (1) va(2), xac ainh aluc h1iso

e x in ) N A ..
trao adi nhiit adi I0u theo cong thlc: ¢ = ZNul, Wi
1

lahT s6dén nhiit cua ntc trong 6ng nho (W/mK).

- Mét a6 dong nhiit toa ra tr'rn 1m chitu dai cua
6ng dén nduc aluc tinh theo cong thlc:
g, =o.md(t, ~t,) (Wm), Vi ¢, lanhitadtrung
binh cua nGdc G brn trong 6ng (°C), ¢, la nhitt ad by
mUt trong cua 6ng dén nQdc (°C).

2.1.5. Xac ainh h s@ trao &6i nhitt a6i 10u tai b’
muit ngoai 6ng (, ). AT xac ainh giatri «, , cén xac
ainh &0ung kinh thdng addng cua hinh xuyTh num
gida 6ng trong, 6ng ngoai va tri so Re,,, Nu, vii mai
chét i chiiad chay roi.

- AQling kinh tdting a0ing cua hinh xuyrn addc
xac ainh b cong thic: 4, -4 *4 "~

d,  7(D+d,)
- Tri s6 Re,, cua mdi chét trong khong gian hinh

=(D-d,)(M).

N < " ~ . R, _od, .
xuyin aduc xac ainh theo cong thlc; €. = y, oV
2

la a6 nhit a6ng hoc cua mdi chét (m?s); - Tri s6
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Nu, cua mdi chét trong khéng gian hoinh xuy'tn adic
xac ainh theo cong thlc:

D 0,18 Pr %

_ 0.8 p,.0.4 S ~ s ~

Nu, =0,017Re," Pr, (d_j {?j . Taudng td
2

A

nhd i, h1 s trao a6i nhit a6i 10u addc tinh theo

cong thlic: ¢ lahT s6 dén nhirt cua

moi chét (W/m.K).
2.1.6. Xac ainh cong suéttrao adi nhiitva h1'so
truytn nhirt: - Theo [1; tr 86], cdng Suét trao adi

nhiTtgilia méi chét lanh vanQtc addc tinh theo cong
thic sau:

4
=—=Nu T
PR

L=l

L1 ,d

nde, 274 d,
dén nhiit cua vétlitu ch1'tao 6ng (W/m.K), L lachiiu
dai cua 6ng (m); - HT s6 truyrn nhiTt gilla moi chét
lanh va nQiic qua mut trong cua vach tru aldc xac
ainh buii cong thic:

o__0 _ bty
Fozd.l 1 dyd d 1
a 21 d d, a,

vii F, la ditn tich bT mdt trao adi nhitt cua 6ng.
1
=7

i
Suyra: 1,dyd d 1 (W/m2K).
o, 24 d, d, a,

Q= 1

. la h1so
rd,a,

VUi

95 = =k (8, —1,) =k, At

2.2. Tinh toan TBNT kitu 6ng I6ng 6ng co
canh thung doc thén vui bitn dang hinh thang.
Adi vii TBNT kitu 6ng l6ng 6ng co canh thiing doc
thén, ta co thT phén loai tuy theo biTh dang cua
canh, nh(: bith dang hinh chl nhét, bitn dang
hinh thang. Trong bai viTt, chung t6i chon éng co
canh thung doc thén vui bitn dang la hinh thang,
bui xet Vit mut ct hoc canh hinh thang co a6 cling
v(ng t6t htiin. M6 hinh bai toan a0dc mitu tad hinh 3.
NQuc chuyTn aéng brntrong éng, méi chét chuyTn
adng ngluc chitu va nglng tu brn mut ngoai
cuaong.

Cén ftinh toan qua trinh trao adi nhiit gida nauc
chay bn trong 6ng va mdi chét lanh chuytn atng
ngoai 6ng (trong khong gian gilia hai 6ng). Gia thiit
6ng aduclambungadng cohTsddénnhilt ,alung
kinh 6ng ngoai D, chitu dai 6ng la L, h1' s toa nhit
phdc hdp cua hai chétlong la «,, «,. TéITaddng kinh
ngoai va adung kinh trong cua 6ng dén nddc lanh la

d,/d,, mut ngoai cua 6ng trong co n canh Vi bitn
dang la hinh thang, ban kinh canh r, chén canh va
aéu canh cochituday [énlGdt: 5,, 6, , (xem hinh 3c).
Ta cén xac ainh nhiit l00ng trao adi, mét ab dong
nhitt, h1's6 trao adi nhirt a6i 1Gu, hr s6 truyth nhiit
cua thitt bi nay.
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Honh 3. Mut ctt doc (@) va ctt ngang (b) cua TBNT kitu 6ng
16ng 6ng co canh thing doc thén v bith dang hinh thang (c)

2.2.1. Tinh téc a6 chuytn aéng cua méi chét: Téc
ad cua moi chétlong chuyn aéng trong khdng gian
hinh xuyTn gila hai 6hg aduc xac ainh theo cong
thlc sau:

G, _ 4G,
fopy [7(DP=d3)+4(6,+6,)1p,"

2.2.2. Tinh h¥ 6 trao a6i nhitt a6i 10u: AT xac
ainh aluc giatrd  , cén phai xac ainh aldc alung
kinh tiing a0ung cua hinh xuyth nim gidia 6ng trong,
6ng ngoai vatrisd Re, Nu Gng vUi nddc tchi'ad chay
roi. U aéy coi nhintlddng  truyin qua vach chiinh la
nhiitltdng qua 6ng trucoban kinh ngoai tidng aliiing

a)2=

L
B N n. (5 +0, )
2
tr'rn b1’'mut ngoai cua 6ng. TG phdung trinh cén bung
nhitt cho vach: 4 =%, =4, =

, Coi nhiltad t , phén bo aiu

9., IBp a00c h¥

phQdng trinh sau:
q, = (tfl —t,,).27H
tW _tW
e . RN
——In=* (3), vui F, ladiin tich b1 mdt
274
g, =,(t,, _tfl)'FZH

tQUng aldng cua 6ng.

Fy, =271, —n(8, = 8,) + n\JAl* + (6, - 8,)* (M)

Giai hphGdng trinh (3), thu addc g, t .t . TGao
tinh aldc adung kinh tadng adung cua hinh xuyTn

DId, la: d,, =27, =2, )13 ”’(5“5)(4)
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Tri s6 Reynold va Nusselt trong tr(iing hdp nay
alic xac ainh theo cobng thc thdc nghitm

D 0,18 Pr %
Nu, =0,017Re% Prot| = 21 (5
f f f drd Pr ( )

w,d
la:Re, =
2

TG cac cong thic (4) va (5), h1's6  allc xac

ainh: &, = diN”f.
td

2.2.3. Tinh mét &6 dong nhittva hT s6 truyTn
nhiTt cua thirt bd. TG hT phQdng trinh trin, xac
ainh mét a6 dong nhiTt truyTn qua vach tru doc
thén la:

t, —t
L2 (W/m); Ref:%
7/ 0

GETTT r
+——1In=<+ 2
2rdiey 274 1 o,k

HT s6 truyth nhiit k aldc xac ainh théng qua
phQung trinh cén bung nhitt nh sau:

bt

4 =—7 T ] =k (1, -1,)=kAt

+— _c

2rda, 274 1 o, Fy,

k== 11 1

Suy ra: f Inley
2rdiay, 274 1 o, F,
* k%

Qua virc nghitn cliu qua trinh trao aéi nhit cua
TBNT kiTu 6ng l6éng 6ng, thu atiic mét so Kit luén
sau: - Xac lép mdéi quan hil gida cac thdng st cua
TBNT kiTtu 6ng 16ng 6ng, auc biit laxac ainh aldc

mét a6 dong nhiit, h1' s truyTh nhirt k adi vii 6ng
I6ng 6ng loai trdn va loai co canh thing doc thén;
- Rut ra ailic mét so giai phap ar tung clung kha
nung trao adi nhitt cua TBNT, nh{: ting ban kinh
bntrong cua 6ng co canh, chon vét litu lam 6ng co
h1’s6 dén nhirt cao, giam ban kinh brn ngoai cua
0ng, ting s6 [0Ung canh, giam bT day cua canh va
tung chiru dai cua 6ng. O
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T6 chilc hoat adng day hoc...
(Tinptheotrang 110)
* Hoat a6ng 4: Téng Kit.

Hoat adng cua GV Hoat adng cua HS

- T6 chlc lam vitc nhom: Tom tut kitn
thdc quan trong aa tim aldc dddi dang |thic quan trong aa trinh
sU ao t duy. bay.

- YTu céu cac nhom thao Iuén va bd |- Thao Iuén nhom, phat
sung y kitn khac ar hoan thitn phivu | bitu.

tong kit kivn thlic.

- GV nhén xet, aanh gia kit qua lam
viTc cua cac nhom.

- Tong kit git hoc, yTu céu HS nop lai
phitu hoc tép ar GV chém airm.

- Giao bai tép vi nha cho HS.

- Téng kit, ghi lai cac kitn

- Titp nhén thong tin.
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hoc dia trin VA se phat tritn niing ldc hoc tép cho
HS, néng cao chét I0Ung day hoc G triidng trung
hoc pht thong.Qd
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