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TOM TAT
Dong co Stirling la mot dang dong co nhi¢t dot ngodi co thé sir dung nhiéu nguon nhién
liéu khdac nhau tir cac dang truyén thong (than, dau, cui, trau, vv...) cho dén cdc nguon ning
lwong tdi tao (nang lwong mat troi, tan dung nhiét thai, vv...). Bai bdo tdp trung trinh bay
nhitng nét chinh vé lich su phat trien, dac diém hoat dong va phwong phdp thiét ké mot so loai
dong co Stirling, twr do dwa ra kha nang wng dung vao thuc té ciing nhu dao tao bdc dai hoc cho
sinh vién chuyén nganh Ky thudt Nhiét o nudc ta hién nay.
Tir khéa: Pong co Stirling; ndang heong tdi tao; thiét ké; chwong trinh ddo tao.
ABSTRACT

Stirling engine is an external combustion engine which is able to use different fuel sourc-
es from traditional forms (coal, oil, firewood, rice husks, etc ...) to renewable energy sources
(solar, waste energy, etc ...). This paper focuses on presenting the main features of development
history, performance characteristics, design methods of typical types of Stirling engine and the
possibility of their applications into practice as well as into the current university curriculum

for thermal engineering students in Vietnam.

Keywords: Stirling engines, sustainable energy; design, curriculum.

1. TONG QUAN VE PONG CO STIR-

LING

bong co Stirling 1a mot dang dong co
nhiét ddt ngoai sir dung piston, dugc sang
ché boi Robert Stirling vao nam 1816 [1].
Vé nguyén 1y hoat dong, dong co Stirling sir
dung mot loai chat khi (thuong 1a khong khi,
hydrogen hodc helium) lam méi chit hoat
dong trong mot chu trinh khép kin. Khac véi
dong co d6t trong, dong co Stirling khong ¢o
van hit va xd, nghia la khong c6 su luu thong
vao ra ciia moi chat. Qua trinh hoat dong cua
dong co Stirling dua trén su gian nd va co
lai ctia khdi khi trong qua trinh chuyén dong
trong chu trinh kin bén trong dong co nho
su chénh léch nhiét d6 giita hai nguon nong,
lanh. Trong qué trinh hoat dong, khdi khi
trong dong co s& dugc dy qua day lai tir phan
néng sang phan lanh hodc nguoc lai, nhd vao
su di chuyén ctia cac piston hodc cac con chay

¢6 chire nang hoan ddi thé tich chira khi gitta
hai phan. Khéi khi khi dao dong qua lai giira
phan néng va phan lanh s& thuc hién cong 1én
mot piston chiu luc, qua d6 van hanh banh da
va may moc bén ngoai.

Tir tng dung thuc té ban dau ctia mot
dong co Stirling trong viéc bom nudc trong
mo da vao nam 1818 [2], dong co Stirling da
phat trién kha manh trong nira cudi thé ky 19
[2-5]. Dén dau thé ky 20, voi sy xuat hién cia
cac loai dong co dbt trong str dung chu trinh
nhiét Otto va Diesel, cling v6i su bung nd cia
nganh cong nghiép khai thac va san xuat dau
mo, cac loai dong co dot ngoai nhu dong co
Stirling va dong co hoi nuéc di dan bi thay
thé [6]. Tuy nhién bit ddu tir giai doan sau
ctia thé ky 20, do cac anh huong xau dén moi
truong va trai dat (hiéu tng nha kinh, sy ndng
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1én cua trai dat, nude bién dang cao, vv...), xu
hudng st dung cac nguon nhién li¢u hoa thach
dang dugc nhiéu quoc gia khuyén nghi cat
giam dan dé chuyén doi sang cac ngudn nhién
li¢u sach va than thi¢n vo1 moi truong hon. Xu
huéng nay da thuc day nhiéu ca nhan, t6 chic
cling nhu cac cong ty trong thoi gian gan day
quay lai tap trung nghién cuu, ché tao va phat
trién nhiéu loai dong co Stirling [7-8] dé dua
vao sit dung trong nhiéu linh vuc khac nhau
nhu: may phat dién dung nang luong mat troi
[9], dong co xe hoi [10], b phan lam mat chip
may tinh [11], dong co tau ngdm [12], vv...

Trong thoi gian gan ddy, cac cong trinh
nghién ctru vé dong co Stirling di thu hut
nhiéu sy quan tam cua nhiéu nha khoa hoc, to
chtic nghién ctru trén thé gidi. Mot sé hudng
nghién ctru chinh c6 thé ké dén nhu sau:

- Hudng nghién ciru vé thay doi moi chat
sir dung bén trong dong co dé tang hiéu
suat va cong suat dong co, dién hinh
nhu mdt loat cong trinh nghién ctru cua
Hang Philips nham phét trién dong dong
co Stirling st dung Hydro véi day cong
suét hoat dong lén dén 30kW, hiéu suét
dat dén 36% [8].

- Hudng nghién ctru sir dung Biogas lam
ngudn nhién liéu cip nhiét cho dong co
Stirling dé phat dién cho nong thon. Vi
du nhu Podesser [13] da thiét ké va ché
tao mot loai PC Stirling sir dung nhién
lidu biogas dé cung cip dién cho ving
néng thon, cong sudt 3.2 kW, hiéu suat
25%.

- Mot s hudng nghién ctru khac tip
trung vao thiét ké, ché tao cac hé théng
san xuét dién tir Nang lugng mit troi, sir
dung dong co Stirling vé6i cac kiéu két
céu khac nhau nham ting hiéu suat sir
dung [14, 15].

Trong khu vyc Pong Nam A, nhiéu
cong trinh nghién ctru tir 1y thuyét dén ché tao
va tng dung vao thuc té lién quan dén dong co
Stirling da dugc cac nude nhu Thai Lan, Ma-
laysia, Singapore, Trung Qudc, vv... tap trung
phat trién trong nhimg nim tro lai day [16-
21]. Trong sb d6, da phan céc tac gia tap trung
nghién ctu kha ning phat dién cuia dong co
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Stirling [21], ngoai ra mot sb tac gia khac di
vao phan tich img dung dong co Stirling trong
viéc tan dung nhiét thai [16, 17], bom nudc
[18, 19], cling nhu mot ) ung dung lanh [20].

Nhu vy, cic cong trinh nghién ciru vé
dong co Stirling trén thé giéi da hinh thanh
va phat trién tir dau thé ky 20 dén tan ngay
nay, tao thanh mot hé théng kién thirc mang
tinh ké thira khé cao, phat trién song hanh gitra
Iy thuyét va thuc nghiém, két hop tir viéc ng-
hién ctru ché tao tir cac mo hinh nho cho dén
cac ung dung thuc té phuc tap. Tai Viét Nam,
céc cong trinh nghién ciru vé loai dong co ddt
ngoai nay con kha han ché. Mot sd cong trinh
nghién ctru chinh c6 thé ké dén nhu: nghién
ctru khdo sat cong nghé chao nhiét dién mat
troi (CNDMT) va kha ning ché tao tai Viét
Nam [22]; nghién ctru dong co Stirling nhan
nhi¢t tr by thu nang lugng mat troi dé sinh
cong bom nude [23]; luan van Thac si “Ung
dung dong co Stirling trong cac thiét bj 1am
lanh™ [24], vv... Céc cong trinh nghién ctru
trong nudc nhin chung con mang tinh roi rac,
chua c6 sy tong hop va théng nhit gitta tinh
toan ly thuyét va thyc nghiém. Bén canh do6
cac két qua dat duoc dé co thé ap dung vao
thue té€ van con mot khoang cach kha xa.

2. CO SO LY THUYET VE TINH
TOAN PONG CO STIRLING VA
MOT SO KET QUA PAT PUQC

Vé két cAu, nhin chung cac loai dong co
Stirling da ché tao trén thé gidi co thé dugc
xép vao mot trong ba loai Alpha, Beta, va
Gamma nhu thé hién trén Hinhl.
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a) Loai Alpha b) Loai Beta c) Loai Gamm
Hinh 1. Két cdu ba loai dong co Stirling

Cold Piston N
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Vé nguyén ly hoat dong, ca 3 loai dong
co Stirling trén déu c6 chung dac diém la cung



qu Chi Khoa Hoc Gido Duc Ky Thudt Sé 35B (3/2016)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho6 Chi Minh

¢6 3 bo phan chinh b tri ndi tiép v6i nhau la:
bo phan nhan nhiét (Heater), bo phan hdi nhiét
(Regenerator) va bo phan lam mat (Cooler).
Tuy nhién, do dac diém céu tao (sé xylanh,
cach bd tri piston trong xylanh, vv...) khac
nhau, nén 3 loai dong co Alpha, Beta va Gam-
ma s& ¢6 mot sd dic diém khac nhau nhu thé
hién trong Bang 1 bén dudi.
Bdng 1. Dac diém vé cdu tao va hoat dong
cua 3 loai dong co Stirling

Loai
dong co
Stirling

Pac diém vé cau tao va

b hoat dfong

- C6 2 xylanh;

- Phan nhén nhiét (Heat-
er) va lam mat (Cooler)
nam trén 2 xylanh khac
nhau;

- Ti s nén 16n;

- Can roong kin ¢ ca 2
pittong;

- Pittong sinh cong phai
lam viéc & nhiét d6 cao.

1 Alpha

- Chi c6 1 xylanh;

- Phan nhan nhi¢t (Heat-
er) va lam mat (Cooler)
nam trén cung mot xy-
lanh;

- Ti s6 nén nho hon loai
Alpha;

- Chi can roong kin ¢ 1
pitténg, pittong con lai
di chuyén khong ma sat
trong xylanh;

- Pittdng sinh cong lam
viéc 0 nhi¢t do thap.

- 2 xylanh tach biét;

- Phan nhan nhi¢t (Heat-
er) va lam mat (Cooler)
nam trén 2 xylanh khac
nhau;

- Ti s6 nén nho hon loai
Alpha;

- Chi can roong kin ¢ 1
pitténg, pittong con lai
di chuyén khong ma sat
trong xylanh;

- Pittobng sinh con
viéc 0 nhi¢t do thap.

2 Beta

3 Gamma

lam

Tuong Ung voi 3 loai dong co Stirling
trén, nhiéu mo hinh tinh toan Iy thuyét da duoc
phat trién trén thé giéi. M6 hinh 1y thuyét dau
tién dugc phat trién boi Schmidt [25] dya trén
gia thuyét qua trinh nén va gién nd ciia khi bén
trong dong co 1a qua trinh dang nhiét cia khi
1y tuong. Ly thuyét cia Schmidt dan dén viée
thiét 1ap hé cac phuong trinh nhiét dong tuyén
tinh c6 thé giai d& dang, tir 46 xac dinh cong
sudt va hiéu suét nhiét cua dong co Stirling.
Do tinh chat don gian va sai léch chap nhan
duoc gitra két qua 1y thuyét va thuc té, mo
hinh tinh to4n cua Schmidt da dugc st dung
rong rai trong vi¢c thiét ké so bo dong co Stir-
ling. Tuy nhién, mot sé nghién ctru cho thiy
khi téc do dong co vuot qua 1000 vong/phut,
qué trinh nén va gian nd cua khi trong xylanh
dong co Stirling gan véi qua trinh doan nhiét
hon 13 qué trinh dang nhiét [26], dan dén viéc
hinh thanh va phat trién ctia mé hinh doan
nhiét 1y tuong [27, 28] va tiép theo 1a doan
nhiét khong 1y tuong c6 xét dén anh huong
clia cac ton that do ma sat dong va ton that
nhiét tai bo hoi nhiét [29-31]. Vi hai mo hinh
tinh toan doan nhiét ly tudng va doan nhiét
khong 1y twong, quan hé giira cac thong sb ap
sudt, thé tich, nhiét do tai cac vung trong dong
co Stirling dugc thé hién qua hé cac phuong
trinh vi phan va dugc xac dinh bang phuong
phap sb. Bai bao nay khong trinh bay chi tiét
vé trinh tu tinh toan dong co Stirling st dung
ba mo hinh trén, tuy nhién viéc danh gid muc
d6 khac biét gitra ba phuong phap 1y thuyét
nay voi két qua thuc nghiém c6 thé dugc kiém
chting mot cach twong ddi théng qua cac két
qua tham khao trong tai li¢u [32] (Xem Bang
2, 3 va Hinh 2).

Bing 2. Théng sé thuc nghiém ciia déng co' [32]

Théng s6 hoat dong Gia tri
Ap sut trung binh (Pmean) | 1.148 bar
Nhiét do nguén lanh (T)) 46°C
Nhiét d0 ngudn néng (T,) | 448°C
Tan s6 (f) 1.22 Hz
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Bing 3. Két qud mé phong va thue nghiém [32]

Thuc | Poan | Poan | Schmidt
nghiém | nhiét | nhiét
khong | ly
ly |twéng
twéong
Cong
suat 14 14.21 | 16.2 21.81
W)
Hiéu
sudt | 35.1 | 384 | 42.1 | 5576
(%)

Lafor oot ey
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Hinh 2. Chu trinh hoat dong cua dong co theo

3 phwong phap Schmidt (Ideal), doan nhiét

ly twong (Adiabatic) va doan nhiét khong ly
tuong (Simple)

Két qua cho thay phuong phap Schmidt
c6 sai s6 nhiéu nhit so v6i hai phuong phap
con lai. Bang 3 ciing cho thay phan tich ly
thuyet theo doan nhiét khong ly tudng la gan
v6i két qua thyc nghiém nhat.

3. KHA NANG UNG DUNG VAO
THUC TE VA PAO TAO BAC PAI
HOC
Két qua tir cac cong trinh nghién ciu

trén thé gidi cho thiy vé mat 1y thuyét, dong

co Stirling c6 thé dat duoc 50% dén 80% hiéu
sut 1y tuong cua chu trinh nhiét dong luc hoc
thuan nghich (nhu chu trinh Carnot) trong viéc
chuyén hoa nhiét nang thanh cong ning. Khac
voi dong co dot trong, loai dong co nhi¢t nay
6 thé hoat dong dugc voi nhiéu nguén nhiét
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khéc nhau, tir cic nhién liéu ré tién, sin co tai
dia phuong cho dén cac ngudn ning lugng tai
tao nhu nang lugng mat troi, nhiét sinh ra do
phan tng hoa hoc, cic ngudn nhiét thai, dén
phan tng hat nhan. Bén canh cac wu diém ndi
troi, dong co Stirling ciing c6 cac nhugc diém
riéng cua nd. Dya trén viéc phan tich cac cong
trinh nghién ctru vé dong co Stirling, cac uu,
nhugc diém chinh cta loai dong co nay c6 thé
duogc tong hop nhu sau:
Uu diém:

- D@ dang sir dung véi nhiéu nguén nhiét
khac nhau: d6t nong truc tiép, ning
lugng mat troi, dia nhi¢t, phan g hat
nhan, nhié¢t thai cong nghi¢p, vv...;

- Cothé hoat dong véi do chenh nhiét do
giita nguon nong va ngudn lanh chi tir
vai chuc do Celcius;

- Céu tao don gian hon dong co ddt trong
do khong can van hat, van xa; budng dot
¢6 cau tao don gian, can it dau boi tron,
VV...;

- Hoat dong ém, it rung dong va on dinh
hon cac dong co dot trong;

- Bao tri don gian hon dong co ddt trong;

- An toan hon trong van hanh do ap suat
lam viéc thap hon céc loai dong co hoi
nudc, dong co dot trong;

- MBbi chit lam viéc bén trong 1a khong
khi hodac mdt loai khi tro nao d6 (nhu
Helium), hoat dong trong khong gian
kin bén trong dong co nén khong co kha
ning gy chay nd, do an toan sir dung
cao;

- Budng dot dat ngoal viéc d6t dién ra
lién tuc, c6 thé kiém soat khong dé du
thira nhién liéu, nén han ché hat thai doc
hai so véi viée ddt theo chu trinh trong
budng bén trong;

- Khéng can ngudn cung cip khong khi
(néu ngudn nhiét khong lay tir viéc dot
nhién li¢u) nén cod thé hoat dong dudi
tau ngam hay trong vil try;
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- C6 thé khoi dong dé dang hon trong
thoi tiét gia lanh so voi1 cac dong co débt
trong.

Nhuwge diém:

- Do hé sb truyén nhiét ciia khong khi
(cling nhu cac loai khi tro khéac str dung
trong dong co Stirling) khong cao, dong
co Stirling (nhat 13 voi cac loai hoat dong
voi do chenh nhiét do thap gitta ngudn
néng va nguon lanh) cé kich thudc 16n
hon dong co ddt trong & cliing cong suit,
dan dén chi phi tiéu hao vat liéu ché tao
trén mdt don vi cong suét cao hon dong
co ddt trong;

- Khac voi dong co dot trong, dong co
Stirling c6 sy chénh 1éch nhiét do kha
16n giita hai phan nong va phan lanh,
dan dén yéu cau vé chat luong vat liéu
su dung va can c6 bd phan trao ddi nhiét
& phan néng va phan lanh c6 hi¢u suat
cao;

- Do sy phirc tap cta qué trinh trao d6i
nhiét trong dong co Stirling, chu trinh
nhiét thuc té ciia dong co co hiéu suét
thip hon kh4 nhiéu so voi chu trinh 1y
thuyét;

- Pong co Stirling khong thé khoi dong
trc thi ma can co6 thoi gian lam néng,
diéu nay dan dén loai dong co nay thich
hop nhiéu hon véi cac tng dung c6 van
tdc hoat dong déu, 6n dinh.

Vi cac dic diém vé hoat dong nhu trén,
dong co Stirling ¢6 tiém ning 16n & nudc ta
trong - viéc tan dung nhiéu ngudn nhién lidu ré
tién sdn c6 tai dia phuong, cac vung sau, vung
xa, hai ddo, vv... dé cung cép co nang ung
dung trong nhiéu lanh vuce trong doi song nhu:
phat di¢n, bom nudc, xay xat lha, san Xuat
nude da, lam lanh vv... Ngoai ra, do dac diém
c6 kha nang hoat dong vdi do chénh nhiét do
thip, mot hudng di cling rat dang cha ¥ cua
dong co Stirling tai Viét Nam la kha nang
ung dung cua loai dong co nay trong viéc tan
dung céc nguén nhi¢t thai tr hoat dong san
xuat cong nghiép va nong nghiép (nhu khoi

thai tai cac nha may xi méang, luyén can thép,
san xuat phan bon, vv...), ciing nhu sir dung
ning lwong mat troi 1am ngudn cip nhiét cho
dong co.

Bén canh tiém ning tmg dung trong
thuc té, dong co Stirling con co thé duoc st
dung nhu mot cong cu giang day hiru ich
trong truong Pai hoc, dac biét thich hop cho
cac sinh vién khoa Co khi, Giao thong va
Nhiét lanh. M6t sd cach thue tich hop dong
co Stirling vao cac mon hoc (nhu “Nhiét dong
luc hoc ky thuat”, “Truyén nhiét”, “Pdng co
nhiét”, “Thiét ké co khi”, “Pd 4n mon hoc”,
vv...) ¢6 thé 4p dung nhu sau:

- St dyng nhu mot mé hinh tryc quan
giang day trén 16p: trong cach thirc nay,
nguoi gido vién s€ st dung mot mod
hinh dong co Stirling ¢6 ban sin trén
thi truong véi than xylanh dugc ché tao
bang mot sd vat lidu trong subt (thuy
tinh, nhya), hoat dong vdi cac nguén
néng don gian (dén ciy, bac ddt tir con)
dé gitp sinh vién dé dang quan sét truc
tiép hoat dong ctia cac bo phan dong co
tur trong ra ngoai, tr d6 phan tich, thao
luan cling nhu ty tay do dac cac thong
s6 vé nhiét do nguén nong, nguén lanh,
kich thude dong co, vv... va van dung
cac kién thue 1y thuyét vao viéc tinh toan
cac qua trinh trao d6i nhiét lién quan.

- St dung nhu mét bai tap thiét ké may:
trong cach thirc nay, tir yéu cau ban dau
vé cong sudt dong co, sinh vién co thé
van dung mot trong 3 mé hinh 1y thuyét
(déng nhiét, doan nhié¢t 1y tudéng, doan
nhiét khong 1y tuong) dé tinh toan va
thiét ké so bo mét loai dong co Stirling
(Alpha, Beta hodc Gamma). Cac ban vé
thiét ké va ban vé lip c6 thé duoc gido
vién hudéng dan va yéu cau thyc hién véi
su hd trg cia mot s6 phﬁn mém thiét ké
co khi 3D nhu: Solidworks, Solid edge,
Catia, Pro Engineer, vv...

- Sir dung nhu mot dd an ché tao gitp
nang cao k¥ nang lam vi¢c nhom va tinh
sang tao cho sinh vién: v&i cach thic
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ndy, nguoi gido vién ¢ thé gisi thidu
dong co Stirling thong qua céc video
clips, hinh anh hodac mdt s6 mo hinh
thuc hién tir khoa trude, sau d6 yéu cau
sinh vién tu tim hiéu thém trén Internet,
sach vo, vv... va két hop voi cac kién
thirc chuyén nganh da hoc dé tu ché tao
mdt md hinh dong co Stirling don gian
tlr cac vat dung san c6 (lon nudc ngot,
dia CD, day kém, vv...). Tuy theo murc
d6 don gian hay phtic tap ma do an nay
6 thé duge yéu cau thuc hién theo ca
nhan hay nhom. Diém cubi cing s& bao
gdém phan danh gia viéc trinh bay, bao
cdo cua sinh vién vé trinh tu tinh toan,
thiét ké, ché tao va phan danh gia hoat
dong thuc té cia mé hinh.

a) Mo hinh déng cothiétké 3D b) Ché tao va thit nghiém déng co Stirling

trén 16p tir cc vit dung don gidn

Hinh 3. Ung dung thiét ké va ché tao dong

co Stirling trong chuwong trinh dao tgo ky sw

nganh Ky thudt nhiét truong Dai hoc Bdch
Khoa Tp.HCM.
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Hinh 3 thé hién m¢t s6 hinh anh vé viée
ap dung tich hop dong co Stirling trong qua
trinh giang day mot s6 mon chuyén nganh
Nhiét lanh tai truong Pai hoc Bach khoa
Tp.HCM. Két qua cho thay viéc ing dung cac
mb hinh tinh toan, thiét ké va ché tao nhu dong
co Stirling vao giang day da mang lai hiéu qua
t6t trong viéc nang cao tinh ning dong, sang
tao cua sinh vién, gitip cac em hiéu va yéu
thich hon nganh k¥ thuat ma minh da chon.

4. KET LUAN

Trai qua lich sir phat trién gan 200 nim,
dong co Stirling van dang chimng té duoc vai
trd va vi trf cia minh nhu mot thiét bi hitu ich
¢6 kha ning chuyén d6i dugc nhiét luong cung
cap tir nhiéu ngudn ning lugng khac nhau
thanh co ning sir dung trong nhiéu tng dung
thuc té. Thong qua bai béo, cac tic gia mong
mudn mang lai mot cach nhin rd hon vé céc
tiém nang ung dung trong thuc té ciing nhu
trong giang day cua loai dong co ddt ngoai
nay, hy vong tir d6 thuc ddy nhiéu nghién ctru
chuyén sau hon tur vat li¢u, két ciu bén trong,
cach bé tri ngudn nhiét bén ngoai, vv... cia
cac k¥ su, chuyén gia, nha khoa hoc trong
nudc nham phat trién va ap dung rong rai loai
dong co nay tai Viét Nam trong tuong lai.
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