BAI BAO KHOA HOQC

_ NGHIEN CUU CONG NGHE GIAM LUC CAN PE TIET KIEM
NANG LUQNG TRONG HE THONG PIEU HOA KHONG KHi CUA TOA NHA

Nguyén Anh Tuén'

Tém tit: Kha nang giam lyc cua hogt chadt bé mat dé tiét kiém nang luong cua bom trong mot hé théng
tuan hoan chat léng da dwoce nghién ciru thuc nghiém trong phong thi nghiém. Cong sudt ciia bom c6
thé giam duoc toi 10% voi né‘ng do dung dich 400ppm x10. Viéc cho thém mot luong chat hoat dong bé
mdt surfactant gay ra sw giam lyc can dong chdy réi trong dwong ong rat ré rét. Nhuw viy chdt hoat
déng bé mdt phit hop véi cdc hé thong heu théng chat long nhw hé thong sudi am, hé thong lam mat ma

trong d6 cong sudt bom sir dung lom.

Tir khéa: Giam luc can, tiét kiém nang lugng, chét hoat dong bé mat.

1. GIOI THIEU CHUNG

Hién tuong giam lyc can nhan duogc rat nhiéu
sy quan tdm cua cac nha nghién ctru khong chi vi
cac ung dung ky thuat tiém ning ciia n6 ma con
gitp dé hiéu rd cac dic tinh co ban cua chét long,
gitp 1am sang t6 ing xtr rdi ciia chat 1ong Newton.
Cac linh vuc ung dung chuyén biét cho hién tuong
ndy co thé dugc tim thdy trong linh vuc van
chuyén dau tho trong dudng dng (Burger), trong
chita chay (Fabula 1971; Thorne), trong viéc tang
tdc d6 cua tau thuyén va tau ngam (Hoyt 1972),
trong hé thong cung cip nude va tudi tiéu (Sellin
1982), trong viéc van chuyén thiy luc cua cac
dang huyén phu hat rin (Golda, Interthal 1984), va
trong hé thng tuan hoan lam mat, sdy, sudi 4m va
didu hoa khong khi (Sellin 1982). Mot linh vuc
kha thi khac 1a diéu tri cdc bénh vé tudn hoan mau
(Greene, Hoyt 1971).

Giam phat thai CO, dé ngan chin sy nong 1én
toan cau 1a nhiém vu cta cac qudc gia. Tuy nhién,
d6 1a ganh ning dé dat dugc muc tiéu giam su
phat thai CO,. Giam phat thai CO, bang cach phat
trién nghién ciru va Gng dung thuc t& cua cong
nghé tiét kiém ning lwong c6 mot nhu cau cip
thiét hién nay. Tiét kiém ning luong bing cach
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thém mot tac nhan dé giam cong suét tiéu thy
trong qua trinh van chuyén chit 1ong 1a mot dich
dén quan trong. Trong cac tac nhan do, chat hoat
dong bé mat surfactant dugc sir dung trong cac
dung moéi khac nhau la nguyén li¢u quan trong
trong cudc sdng hang ngay. Mot trong nhiing (mg
dung ciia n6 1a tiét kiém ning luong bing cach
thém hoat chat bé mat dé giam cong suit tuan
hoan chét lam lanh. P4 c6 nhiéu nd luc dé hién
thye hoa cho mot hé théng didu hoa khong khi.

Hé thong sudi, théng gié va diéu hoa khong
khi, viét tit HVAC (Heating, Ventilating, and Air
Conditioning) ctia mot tda nha gdm c6 3 hé thong
chirc ning chinh gém: sudi 4m, thong gié va diéu
hoa khong khi ¢6 mbi quan hé v6i nhau (Hinh 1).
Trong truong hop nudc nong hodc hoi nude cua
hé thdng sudi 4m, nguoi ta sir dung duong dng dé
van chuyén nhiét dén tirng phong ciia toa nha. Hau
hét hé thong sudi 4m ndi hoi nude hién dai déu c6
mot bo tuan hoan. PO 1a may bom, ding dé van
chuyén nuéc nong thong qua hé théng phan phdi.
Nhiét co thé duoc tmyén dén khoéng khi xung
quanh béng cach su dung bo tan nhiét, cuon day
nude nong (hydro-air), hodc cac bo trao d6i nhiét
khac. B0 tan nhiét c¢6 thé duoc gén trén tran nha,
tudong hodc lip dat trong san dé tao ra nhiét san.

Ning luong ciia may bom dung dé tudn hoan
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nudc trong hé thong didu hoa khong khi ciia mot
tda nha thuong tiéu ton kha nhidu dién ning hang
nam. Viéc tiét kiém dién ning dé chay bom s&
giam dang ké chi phi van hanh toa nha hang nam.
Trong bai bdo nay, nghién ctru hién tugng gidm
luc can ung dung gidm ndng lugng dién ti€u thu
ctia bom trong hé théng chirc ning sudi 4m cia hé

thbng HVAC dé tiét kiém niang luong duogc
thuc hi¢n trong quy mo phong thi nghiém. Mot
mo hinh mach thi nghiém duoc xay dung dé
tinh so b hiéu suat ning luong cua bom dugc
tiét kiém khi s dung cong nghé 1a tic nhin
chit hoat tinh bé mat giam lyc can surfactant
trong dong chay rdi.
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Hinh 1. Hé thong diéu hoa khéng khi trong mét toa nha

H¢ micellar (Shenoy 1984; Ohlendorf; Brunn)
cling nhu cac hé dang keo khac duogc goi 13 "chit
hoat dong bé mit". Can phai phan biét chat hoat
dong bé mat thanh cac loai ion, cation va anion.
Trong s cac loai anion ngudi ta ¢ thé tim thdy,
d6i v6i kim loai kiém va mudi amoni bao gdm cac
axit béo khac nhau, dugc nghién ctu trong hé
thong nudc va khong chira nude. Chang cé thé
hinh thanh cdc mixen ma ngay ca sau khi bi pha
hiy van c¢6 kha niang tw phuc hoéi khi ng suét
trugt giam. Chét hoat dong bé mat cho théy mirc
d6 6n dinh lau dai cao. Céc chét hoat dong bé mat
anion khong dat, nhung vi ching phai duoc ap
dung trong hé théng nudc nén viée sir dung chiing
bi han ché. Khi c6 canxi va cac cation khac thi s&
xay ra hién tuong két taa. Mot khia canh thi vi
ctia chat hoat dong bé mit anion trong dung mdi
nude va dung méi hitu co 1a chung thé hién tng
xUu tuong phan ¢ cac nhi¢t d6 khac nhau. Trong
dung moi khéng chira nudc, chung dac biét hi¢u
qué & nhiét do thap.

Trong chét hoat dong bé mit cation, 1o rang la

cetyltrimethyl-amoniumbromide (CTAB) trong

dung dich nuéc voi dan xuat naphthaline tao ra
gel nhét. Hon hop CTAB-naphthol niy hoat dong
gidng nhu mot chat 1ong giam luc can dam dic va
do d6 khong thé hién ung xir chuyén tiép khi
chuyén tir giai doan chay ting sang giai doan chay
roi (hdn loan). Néu thém huyén phu vao hdn hop
ndy, thi ciing c6 thé lam giam hé sé ma sat. Phép
do tan xa neutron goc nhd (SANS), duoc thuc
hién biang dung dich pha lodng cua n-
tetradecyltrimethylammonium bromide (TTAB)
vOi natri-salicylat trong dong chay cia ong va
kénh cho thdy riang cac mixen ton tai trén ing suét
cit toi han cua thanh 6ng (Bewersdorf, 1986).
Chit hoat dong bé mat cation thé hién mot wu
diém quan trong so voi chét hoat dong bé mat
anion 1a ching khong két tua khi co mit cac ion
canxi. Mat khac, chung dat hon va ¢ trang thai
nude, va ¢ bang ching vé sy phan hiy hoa hoc
sau vai ngay. Mic du on dinh vé& mit co hoc,
chiing khong 6n dinh v& mit nhiét do d6 han ché
pham vi trng dung cta chiing.

Cac nghién ctru vé chit hoat dong bé mat
khong ion 1am chat phy gia giam lyc can hiéu qua
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da duoc cong bd (Zakin 1972). Ong da nghién ctru
cac hiéu Gng khac nhau ddi v6i ba chét hoat dong
bé mit khong ion. Cac chét hoat dong bé mit nay
c6 gioi han nhiét d0 cao hon va gidi han nhiét do
thdp hon ddi véi kha ning hoa tan trong nude va
chirg minh cac chat lam giam lyc can hiéu qua
gz‘in nhiét d6 hoa tan t&i han trén hodc diém van
duc ctia chung. Piém van dyc 14 diém ma tai d6
dung dich cua moét tac nhan khong ion trong nudc
tro nén duc khi nhiét ¢ tang 1én.

Céc chit hoat dong bé mat khong ion co lgi thé
hon tit ca cac chat phu gia giam lyc can dugc
nghién ctru cho dén nay. Chung 6n dinh ca vé mat
co hoc va hoa hoc, khong két tia khi co canxi, do
d6 c6 thé dugc sir dung trong tit ca cac ving nudc
khong tinh khiét, nuéc bién, nude lo hoic dung
dich nuéc mudi dam dic. Chung c6 tiém ning
tuyét voi dé giam lyc can ¢ nhiét do cao.

2. MO TA HE THONG THUC NGHIEM
VA DUNG DICH THi NGHIEM

Dung dich thi nghiém da duogc chuén bi 14 hoat
chit bé
(trimethylammonium bromide) c¢6 khdi Iuong

mat Surfactant. Surfactant
riéng bang M=160,1(gram) duoc san xuat boi
cong ty Glentham (Ptc). Counter-ion (sodium
salicylate) c6 khéi luong riéng M.=364,46
(gram) 1a san pham cua cong ty Deajung (Han
Qubc). Trong nghién ciru nay, cac td hop
surfactant v&i cac ndéng d6 200ppm va
400ppm két hop vé6i counter-ion c6 nong do
lan luot gdp 10 1an theo phéan tir Mol. da duoc
st dung. Ky hiéu cua cic té hop dung dich
thi nghiém 1an luwot 13 200ppm x10 va
400ppm x10. Céc td hop dung dich surfactant
duoc pha bang nudc may tir ngudn cung cip
ctia thanh phé da duoc loc sach. Sau khi pha
ché xong, cac dung dich thi nghiém dugc giit
trong thoi gian 24 gio dé dam bao can bang li
hoéa trude khi sir dung.

He théng thue nghiém
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Hinh 2. So do hé thong thuc nghiém do hé s6 ma sdt trong dwong ong

Hé thdng thi nghiém dugc bd tri nhu so d6
hinh 2. Dung dich thi nghiém dwoc luan chuyén
trong hé théng bang bom chim Super Tecpon
(Nhat ban) c6 cot ap 13m, luu lugng 40 lit/phut,
véi nhiét 0 dung dich dugc duy tri 20+2°C. Luu
lwong ciia dong chay qua 6ng thi nghiém duoc do
bang cam bién luu lwong dién tir Keyence, model
FD-MH500A (Nhat ban). Duong ong thi nghiém

40

lam bang vat liu nhwa acrylic c6 duong kinh
trong 40mm. Hai cam bién ap suit dugc dat trén
duong ong thi nghiém véi khoang cach 2 diém 1a
L =1,2 m. Bd chénh léch ap sudt gitra hai vi trén
trén duong 6ng thi nghiém duoc do bfing cam bién
ap suat Validyne, model DP15-26 (M¥). Cac cam
bién dugc két ndi véi dong hd van ning (von ké).
Tin hi¢u thu duogc s€ dugc dua ra dudi dang gia tri
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dién ap (V) s& duoc quy ddi ra gia tri 4p suat bang
cach nhan v6i hé s6 quy ddi dua theo tai liéu k§
thuat ciia nha san xuat thiét bi cam tng do ap suit.

3. KET QUA VA THAO LUAN

3.1. Thao luin vé hé s6 ma sat trong thanh
ong véi cac dung dich khac nhau

Hé s6 ma sat trong thanh 6ng duoc xac dinh
theo cong thirc

2.Ap.D
A==

vo.p.L
Trong do6:

v — Van tdc dong chat long trong duong ong
(m/s)

p — Khéi luong riéng cac dung dich (lay ~ 998
kg/m?)

D — Puong kinh trong cta éng (m)

Ap - Chénh léch 4p suét giita hai diém do trén
duong 6ng (bar)

L - Khoang cach giira hai diém do trén duong

ong (m)
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Hinh 3. Méi quan hé giita hé so ma sdt thanh
trong ciia dwong ong va sé Reynolds doi véi
cdc dung dich thi nghiém (nuwdc, dung dich

surfactant 200ppm x10 va 400ppm x10)

D) thi hinh 3 cho thdy hé s ma sat cua nudc
bam sat v6i dudng 1y thuyét cua Blasius. Di voi
02 dung dich surfactant 200ppm x 10 va 400ppm
x10, hé s6 ma sat thanh dng cua hai dung dich nay
nhé hon hé s6 ma sat thanh cia nudc khi sd

Reynolds > 20000. Tuy nhién & s Reynolds =
100000 thi hé sé ma sat thanh dng cua dung dich
200ppm x10 tré vé bang v6i hé sd ma sat thanh
6ng clia nude, va hé s6 ma sat thanh dng cia dung
dich 400 ppm x10 van thap hon so véi nudc. Véi
cung s6 Reynolds hé s6 ma sat thap hon cua nudc
da chang té cac hoat chit bé mit cua dung dich
200ppm x10 va 400ppm x10 c6 tic dung lam
giam lyc can va ting toc d6 dong chay trong
duong dng. Nghién ctru cho thiy rang khi sir dung
t6 hop dung dich surfactant va counterion lam
giam hé sd ma sat thanh 6ng A trong dong chay
roi. Hién tuong giam luc can nay s& hira hen gitp
tiét kiém ning luong ciia bom sé& dugc thao luan &
phan dudi day.

3.2. Thao ludn vé sy tiét kiém ning lwong
ciia bom khi sir dung t6 hop hoat chit giam luc
can surfactant
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Hinh 4. P6 thi biéu dién moi quan hé
gitka tan s6 bom véi luu hrong bom

Hinh 4 cho thiy khi chay bom v&i cing tin s6
Hz, thi luvu lvong bom s& khac nhau khi hoat dong
voi nude va cac dung dich surfactant voi nong do
khac nhau. Cu thé, khi dit cing tan sb ciia bom 1a
36Hz, thi luvu lugng lam viéc cua bom lam vai
nude 1la 190 lit/phat, véi dung dich surfactant
200ppm x10 1a 200 lit/phut va dung dich
surfactant 400ppm x10 1a 210 lit/phat. RS rang khi
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chay bom vdi cung mot tan sd, khi cho chat hoat
dong bé mat surfactant vao nudce thi luu luong cia
chit 16ng da tang hon 5% v&i dung dich 200ppm
x10 va hon 10% v&1 dung dich surfactant 400ppm
x10. Gia s6 tang luu lugng c6 thé 1on hon nita néu
chay bom ¢ tan s cao hon.

Pé c6 birc tranh rd hon vé hiéu qua giam ning
luong cua bom khi st dung phu gia gidm luc can
surfactant, chung t6i s& udc lugng cong suit cia
bom khi hoat dong véi nudc va cac dung dich
surfactant giam luc can.

Cong suét ciia bom c6 thé dugc uée tinh theo
cong thire sau:

QxHxgxp

P= Hiéu suft bom

Trong do6:

-Q 14 lvu luong ctia bom (m? /)

- H chiéu cao cot ap (m) )

- g 1a gia toc trong truong g =9,81(m/s°)

-pla khéi luong ri€ng cua chét long(kg/m?)

- Hiéu suét bom dugc lay tir thong sd cia nha
san xuét, khoang 80%
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Hinh 5. Do thi biéu dién moi quan hé gitta
cong suat cua bom voi luu lwong

Dé biéu thi mic do tiét kiém ning lrgng cua
bom khi stir dung hoat chét bé mit surfactant giam
luc can dong chay rdi, chung t61 da xay dung dd
thi méi quan hé giita cong suit ciia bom vai luu
lwong dong dé so sanh giira nuéc va cac dung dich

giam Iyc can surfactant. PO thi hinh 5 cho thiy
v6i cung mot gia tri cong sudt bom nhung co su
khac nhau vé luu luong dong chat long khi bom
hoat dong voi cong sult tir trén 50W. Cu thé, tai
cing mdt cong sudt bom 100W, luu lwong cua
bom v6i chat 1ong nuée 1a 170 lit/phat, con voi
chit 1ong dung dich surfactant 200ppm x10 luwu
lwong xap xi 178 lit/phut, va v&i chat long dung
dich surfactant 400ppm x10 luu Iugng xap xi 188
lit/phtt. Nhur vay ciing mot cong sudt tidu thu cia
bom, khi st dung hoat chat giam lyc can
surfactant thi da lam tang luu lugng cua dong
chay ting tir 5 dén 10% tuy theo ndng do dung
dich giam lyc can. Gia sb tang Iuu lugng co thé
16n hon nita khi chay bom & cong suat 16n hon.

4. KET LUAN

Trong bat ky hé théng bom nao, vai trd cia
bom 1 cung cip du ap suit dé vuot qua ap suét
hoat dong cua hé¢ théng dé chat long di chuyén voi
tdc do dong chay can thiét. Ap sut van hanh cua
hé thong 13 mot ham cua dong chay qua hé thong
va su bd tri cia hé thdng vé chidu dai ong, phu
kién, kich thudc dng, su thay d6i do cao chit 1ong,
ap suét trén bé mat chat long, v.v. Pé dat duge
mot yéu cau luu luong thong qua mot hé thong
bom, chiing ta can tinh toan 4p suat hoat dong cua
hé théng s& 1a bao nhiéu dé chon mot may bom
phit hop. Viéc thém mot lugng chat hoat dong bé
mit surfactant ¢ thé tao ra su giam lyc can dong
chay rbi trong duong Ong rat rd rét. Hiéu tng
giam mat 6 hon loan c6 thé sir dung dé ting tbc
d6 dong chay hodc giam dudng kinh éng va cac
kich thuéc cua cac thiét b khac nhim giam mirc
tiéu thu ning lugng cta bom. Chinh vi thé chat
hoat dong bé mat phu hop véi cac hé thong luu
thong chat long nhu hé thong sudi 4m, hé thong
lam mat,... trong d6 cong suat bom sir dung kha
16n. Tuy nhién viéc nghién ctru van can dugc tiép
tuc dé hiéu day du vé co ché cua hién twong giam
luc can nay. Khi d6 viéc ap dung vao hé thong
didu hoa khong khi phirc tap trong cac tda nha s&
tranh dugc cac rai ro tiém an va toi vu hoéa duge
qué trinh hoat dong cua hé thong.
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Abstract:
STUDYING DRAG REDUCTION TECHNOLOGY FOR SAVING ENERGY
USING IN AN AIR CONDITIONING SYSTEM OF A BUILDING

The drag reduction ability of a surfactant solution for saving pump energy of a fluid recirculation
system has been studied experimentally in the laboratory scale. Pump capacity can be increased by up
to over 10% for the surfactant solution 400ppm x10. The addition of a small amount of surfactant
additive causes a significant drag reduction in turbulence in turbulent pipe flow. Thus, surfactant
additives are suitable for fluid circulation systems such as heating and cooling systems in which the
pump capacity is large.

Keywords: Drag reduction, Saving Energy, Surfactant.
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