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Abstract. The infrared asphalt heater uses a gas fuel source to heat the ceramic plate, then
radiates the heat to the pavement to soften the asphalt layer for the pavement repair process.
However, in order to improve the efficiency of the flame in the combustion chamber and
avoid the flame burning directly on the road surface, it is necessary to study the characteristic
parameters of the flame in accordance with the structure of the combustion chamber of the
machine. The article presents two problems: firstly, research on the characteristics of the gas
flame in the combustion chamber to determine the relationship between flame length and
temperature; secondly, calculation of the pressure loss during fuel combustion to determine
the actual pressure of the combustible gas mixture in the combustion chamber of the
pavement heater. This is the scientific basis for determining the parameters to design the fuel
burner of the infrared asphalt heater.
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Tom tat. May dét nong mat duong sir dung ngudn nhién liéu khi gas dé dét ndng tim gém
sau d6 buc xa nhiét xudng mat duong 1am mém hoa 16p bé tong nhua (BTN) phuc vu qué
trinh stra chita mat duong. Tuy nhién de nang cao hi¢u qua cua ngon lua trong khoang chay
va tranh cho ngon lira dt tryc tiép XUOng mat duong thi can phai nghién ciiu cac thong $O
dic trung cua ngon hira phi hop vai két cau khoang chay cua may. Bai béo trinh bay hai van
dé: mét 1a nghién ciru dic trung cua ngon lira khi gas trong khoang chay dé xac dinh méi
quan hé giita chiéu dai va nhiét 6 ngon lira; hai 1a tinh cac ton hao &p suat trong qué trinh
d6t nhién liéu dé xac dinh &p suat thuc té cua hdn hop khi chay trong khoang chéay cia may
dbt nong miat duong. Pay 1a co s¢ khoa hoc cho viéc xac dinh céc thong sb dé thiét ké bo
phan dbt nhién liéu ciia may d6t néng mat dudng.

Tir khoa: dt nong birc xa mat duong, ngon lira khi gas, tim gom birc xa nhiét, khi hoa long
LPG/hdn hop khi

© 2023 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Stra chira mat duong bang may dbt nong mit duong (MDNMBB) ¢6 cau tao nhu hinh 1a véi
nhiéu wu diém nhu tan dung dwoc vat liéu cua mat duong cii tiét kiém duoc 30% lugng bé tong
nhya (BTN) cip mai, phi hop véi nhimg hu hong ¢é dién tich nho, cac khu vic mép cong thoat
nudéc, hd ga, [1]. St dung cong nghé ddt néng cho phép mit dudng sira chita cd tinh lién mach
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khong tao mép lién két dé dan dén tinh thim nudc cua mat duong, han ché sir dung cac thiét bi
phu tro khac nhu (médy boc, may khoan duc...), gidm lugng nhan cdng lam viéc, thoi gian thi
cdng nhanh. Vi nhitng uu diém néi bat nhu trén céng nghé sira chira mit dudng bang phuong
phap dbt nong rat phu hop véi cdng tac bao tri va sira chita nho mat duong.

100

70

il il
4 Ngon lita PRI 1. Khoancr clmv 2

°1 Bifc xa nhiét

iz

14 Ldp BTN mat dudng 15

Hinh 1. Cau tao may d6t nong (a) va mit cit doc khoang chay nhién liéu (b)

1. Két cAu khung dd, 2. Hé thong quat gi6,3. Binh nhién ligu, 4. Khoang chay, 5,12 V6 cach
nhiét, 6,7. Bélnh xe di chuyén, 8. B4 van dién tu, 9. Tu dieu khién, 10. L6p cach nhiét, 11.
Ong dan khi, 13. Vach cach nhiét, 14. Mat gom hong ngoai, 15. Bo danh lira.

Khoang chay c6 cau tao nhu hinh 1b 12 khu vyc khong gian giira tim gom hong ngoai va
véch cach nhiét, tai day khi gas nhién lidu s& duoc d6t chay va nung d6 tim gom. Pé dam bao
chat lwong mat dudng BTN, theo [1, 2] khi stra chira thi 16p BTN mit duong can duoc dot nong
Ién khoang nhiét do 110°C + 170°C, ddng thoi nhiét d6 khong duoc vuot qua nhiét do chop
chay cua nhya duong 1a 232°C. Bé dat dugc khoang nhiét theo yéu cau trén voi khoang céch
truyén nhiét birc xa tir may dét néng xudng mit duong 1a 3 = 4 cm [3] thi tdm gia nhiét cua méay
can dat dugc khoang nhiét 780°C + 820°C, gia tri nhiét luong 1a 55689 + 62481 (W/m?). Do
vay van dé dit ra la can thiét ké khoang chéy va xac dinh ap luc khi chay dé tao ra ngon lira co
cac théng sb dic trung thoéa man cac diéu kién nhiét trén. Cac cong trinh nghién ctu trén thé
gidi chua dé cap chi tiét dén tinh toan ngon lira trong khoang chay trén mat gém cia may dot
néng mat duong ma chi tap trung nghién ctu ly thuyét va thuc nghiém théng sé ngon lira khi
gas & cac diéu kién thong thudng. Tac gia [4-5] da nghién cau ly thuyét vé mbi lién hé giia
chiéu dai hira dén ap luc cua dong khi gas va nhiét do ngon lira, tac gia [6] nghién ctiru md phong
ngon lira véi van toc khi chéy, chiéu dai va nhiét do ngon lira trong 10 dét tubin. Téc gia [7-8]
da dé cap dén viéc thlet ké may gia nhiét hong ngoai str dung cac tam gom duara cAu trdc tham
khao cua cac mat gbm va néu nguyén ly chay cua ngon lua trong tam gom dé tao ra bic xa
hong ngoai nhung chua dé cap dén viéc tinh toan théng 50 ngon hira va céc ton that nhiét. Trong
nudc, tac gia [9] da tinh toan cong sut truyén nhiét Xuong mat duong va thuc nghiém dé kiém
ching, chua dé cap dén viéc tinh toan trong khoang dbt.

Vi vy dé c6 co so khoa hoc ddy du hon cho viée xac dinh cac thong sb 1am viéc cua may
d6t néng mat duong can phai tién hanh nghién ctru xac dinh dic trung ctia ngon lira va xac dinh
&p suat caa dong khi chay cua bo dét nhién liéu — day 1a hai ndi dung chinh dwogc trinh bay trong
bai bao nay.

2. XAC PINH CAC THONG SO PAC TRUNG CUA NGON LUA TRONG KHOANG
CHAY CUA MPNMPD
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2.1 Nguyén ciru ly thuyét chay ciaa ngon lira

Nghién ctu ly thuyét chay dbi véi ngon hira nhién liéu khi dé xac dinh dic trung ctia ngon
lta. Ap dung phan mém Ansys fluent @& mé phong ngon hira nhién liéu véi céc thong sé nhu
chiéu dai ngon lira, van téc khi chay va nhiét 6 ngon lia. Tir d6 xac dinh dugc chiéu dai ngon
lra va van téc khi chay pha hop véi nhiét do yéu cau.

a) Cac gia thiét vé ngon lira trong khoang chay cia may MBNMBD:
- Ngon lira duoc phan b déu trén bé mit cua tim gdm va khoang chay.

- Khi chéay c6 su can bang ap suit & trong khoang chéy va khong gian bén ngoai, dé dam
bao ngon ltra khdng bi chay tran ra ngoai khéng gian tam gom chiu nhiét.

- Ngon ltra chay & dang hdn lwu, chay rdi va chi di chuyén qua I cuaa I8i tAm gom.
b) Xéc dinh céc théng sb dic trung cua ngon lua

Xac dinh ché d6 chuyén dong cua dong khi chay khi hinh thanh ngon lira vai tham s6 dac
trung la tri SO tiéu chuan Re dugc xac dinh theo [10].
w.d
Re = — 1)

v

Trong d6: W 14 téc d6 trung binh cua dong khi, d6i voi van toc dong khi cia dau dét khi
gas theo [1], chon W = 12 m/s; d 1a duong kinh thuy luc cia kénh dan khi, d =3 cm = 0,03 m;
v la @6 nhét dong hoc, m?/s.

__VU1tU;
Ve )

Theo [10], khi Gas c6 @6 nhét vr = 0,3.10° (m?/s), d6 nhét khong khi vz = 15,7.10°° (m?/s);
nén v = 8.10°° m?/s tir d6 tra bang [10] ta dugc hé s0 Re = 12. 0,03/8.10°° = 45000 > 10000, vay
hon hop khi chay chuyén dong dudi dang chay r6i. Ngon lira & mat trén va trong 15 cua tim
gém s& nung do6 toan bo bé mat cua cac tam gém nhiét.

Ap dyng mé hinh ngon lira chay rdi véi may dét nong mat duong sir dung tim gém chiu
nhiét 1am ngudn nhiét bic xa, c6 thé xac lap so dd md hinh ngon lia tai tim gdm chiu nhiét caa
may d6t nong nhu sau (hinh 2):

Ngon Ita khoaug chdy

Neootiovene Sasmt LUELEIN

-

Truyén nhiét T i

BRLEAAN

Bifc xa hong ngoai

Khéng khi %

Hinh 2. So @6 md hinh ngon lira hdn Iuu tai tim gém buc xa nhiét.

Dé dat hiéu qua dét nong tdm gém, chiéu dai ngon lra phai xuyén qua chiéu day tim gém
ddng thoi khong duogc théi truc tiép xudng mit dudng. Nhu vay can xac dinh ap suat va luu
luong khi chay trong 2 giai doan: 1. Ngon lira trong mdi truong buf)ng dét 2. Ngon lura trong
156 gdm nhiét. Qua trinh truyén nhiét trén bé mat cua tam gém va trong 156 gébm, tam gém sau khi
dugc nung 1én nhiét do cao 780°C — 820°C s& truyén birc xa nhiét xuéng mat duong.
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2.2 M6 phéng céc théng sé ciia ngon lira trong khoang chay ciia MDNMD

Khai bo céc thong s6 dau vao cua chwong trinh phan mém Ansys fluent dugc xéac dinh
thdng qua phan tng hoa hoc cua khi chay, cac ddc trung truyén nhict cua vat lieu gom, mirc do
hoa tron nhién liéu khi va diéu kién ctia moi truong trong khoang chay [6] nhu sau:

- Khi d6t LPG c6 ty Ié hoa tron (CsHs : CsHio = 1:1) phuong trinh phan ang chay: CsHg +5
02 — 3CO2 + 4H20; 2C4H10 + 1302,—8C0O- + 10H20

- Céc thong s6 vat ly dau vao cua khi gas va vat liéu khoang chay bang 1, TL [12]. Sau d6

tién hanh khai bao vao phan mém nhu hinh 3.

Bang 1. Céc thong sb vat ly dit trung caa khi nhién lidu va vat liéu khoang chay.

TT Théng sb dau vao Gia tri TT Théng sb dau vao Giatri
1 | Do toa nhiét tim gém (MW/h) 1,0 4 Luu lugng khong khi (kg/s) 0,431
2 Ty 16% khong khi thira (%) 1,15 5 Luu lugng khi chay (kg/s): | 0,022
3 Nhiét do khong khi (°C) 35 6 Ty Ié twong duong 0,87
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Hinh 3. Khai bao cac thdng sé dau vao caa phan mém Ansys fluent.
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a. M6 hinh 3d chi ludi két cdu khoang dt b. So dd véc to van téc dong khi ra khoi voi phun
Hinh 4. Mb ta véc to huéng chuyén dong cua dong khi chay.
Tir m6 hinh chia ludi cua khoang chéy, xac dinh cac thdng sé véc to van toc dong khi chay
va ngon lua trong hinh 4, tien hanh mé phong duoc gia tri nhiét do va van toc cua dong khi
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chay caa ngon lua.

Khai b4o cac théng sb nhién liéu khi d6t, dat thoi gian d6t néng cho may 1a 5 pht, vai kich
thudc cua voi phun khi, D = 40 mm, mé phong xac dinh nhiét do caa ngon Ita ty nhién cuaa khi

chay (ng véi van téc di chuyén cua khi chay nhu hinh 5.

~ Tur két qua xac dinh céc thdng s6 van toc dong khi chay va nhiét d ngon lua, theo bang
két qua truy xuat tir phan mem, ta khao sat moi quan hé gitra van toc dong khi chay va nhiét do

Velocity

I 14.9
13.4
11.9
10.4

8.8
10.4

8.8

. 7.6

6.1

4.6

3.0

2.1

1.5
0.8
0.0

[m sA-1]

Hinh 5. Téc d6 dong khi chay va nhiét d6 caa ngon hia.

Temperature

1654
1492
1384
1205
1008
935
857
692
557
403
372
258
193
103
27
[°c]

ngon lira, theo bo s6 liéu tai bang 2 va db thi hinh 6.

|
|

Bang 2. Méi quan hé van tc va nhiét d6 ngon hira khi gas tu nhién.
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NN TN

Hinh 6. Sy thay d6i nhiét d6 ngon lira theo van téc dong khi.

Nhiét d6 thuc té caa ngon lia tai tim gdm nhiét [11]:
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Ot
tyy = — 3
= 3)

Véi t 1a nhiét do thuc té, °C; ti 1a nhiét d6 ly thuyét; n 1a hiéu suét truyén nhiét, n =0,775,
voi ti = 780°C + 820°C ta c6 gia tri nhiét do tx = 1006°C + 1058 °C. Tur dd thi trén, ung voi
nhiét d6 tr = 1006 °C + 1058 °C ta xac dinh van tc khi chay 1a v = 7,8 +8,0 (m/s).

Xac dinh chiéu dai ngon lira dai ngon hira ty do: tir md hinh ngon lia khi gas mé phong
theo phan mém Ansys fluent ta xac dinh duoc chiéu dai cua ngon tu do theo van téc caa dong
khi chay, két qua thé hién trén hinh 7.

(m/s) r
. 14,9

13,4

Velocity

1 Flame height (mm)

. 2.060

1.852
11,9 1.640
10,4 1.431
8,8 1.221
7,6 1.052
6,1 843

631

3:0 } { 421
o .L'JML i ;

=

Hinh 7. Chiéu dai ngon lira va téc do phun nhién liéu.

Nhu vay @ng véi nhiét do te = 1006 °C + 1058 °C tai van toc khi chay, v = 7,8 =8 ms,
chiéu dai tu do ctia ngon ltra 1a Lo = 300 + 320 mm. Viéc xac dinh van téc dong khi chay va
chiéu dai tu do cua ngon lira 1a co s& cho viée xac dinh khong gian budng chay va ap suat khi
chay dé dam bao nhiét lwong burc xa theo yéu cau.

3. XAC PINH AP SUAT KHI CHAY
3.1 Nguyén ciru c4c ton that 4p suat khi chay

Trong qua trinh dt nong tAm gdém, ngon lira trong 16 tAm gdm khong duoc ddt truc tiép
1én mit duong s& 1am 16p BTN bi chay, do vay chiéu dai ngon lira trong khoang chay dugc tinh
toan thoa man gia tri sau: L= h+ &g; v6i h 1a chiéu cao cua khoang chay, mm; &g chiéu day cua
tam gom mm. Theo [7] quan hé gitra chiéu day cua tam gom va nhiét do dat duoc tir 700°C +
900°C, ta chon tim gdm c6 chiéu day 8q = 12 mm.

Xac dinh gia tri h theo dung tich chay cua khoang chdy. Mat khac dung tich chay cua
khoang chay dugc tinh toan theo gia tri nhiét luong can dat duoc theo [6] 1a gia tri nhiét luong
cta khi Gas (propan): gr = 10995 Kcal/kg = 6949.10° W/m?®,

Mat d6 dong nhiét Ion nhat khao sét tir bé mat caa tim gém bue xa nhiét véi khoang truyén
nhiét a = 4 cm, [3] dat gié tri : qv = 248067,22 + 268764,55 W/m? , véi dién tich tim d6t nong
F=0,6 m? ,ta c6 nhiét luong birc xa Q = 148840,3 + 161258,7 (W); Gia tri thé tich cua khoang
chay duogc xac dinh:
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161258.7
Ve zqu 6949.10°
T .
Ta c6 chiéu cao cua khoang chay duoc xéq dinh: h = V¢/F 0,023/0,6 = 0,038 m = 38 mm;
voi F=0,6 mf la dién tl'ch cua dién tich mat cat ngang cua khoang chay. Gia tri mat d6 dong
nhiét dugc thé hién trén do6 thi hinh 8.

0,023 m?,

-
LS ]

—_
o

Mat d6 dong nhiét g, W/m?

Hinh 8. Mat @6 dong nhiét va nhiét do theo khoang céch.

Do MPNMBD c¢6 sir dung hé théng quat gi6 dé day hdn hop nhién liéu khi chay xudng
khoang chay, nén cd thé lva chon md hinh mo dot tang ong ap suat thap. Ap suat dong khi chay
tai dau voi phun duoc xac dinh theo biéu thuc:

Pni = XAPc + Po 4)

~ V6i Py la ap suat khi can thiét dé tao ra chiéu dai ngon lira theo yéu cau, Pa; ZAPg la ton
that ap suat khi, Pa

Theo md hinh nay, bat ky ton that &p suat nao cling dnh huong dén viéc tao ra hdn hop khi
chay cd thanh phan can thiét. Cac ton that &p suat khi chay dugc tinh theo biéu thac sau [10]:

YAPG = APy + APe¢ + APi+ APs. (5)

Trong do: APy tong ton tht ning lwgng trong buong hit, Pa; APe ton that trong voi phun,
Pa; AP; ton that trén bé mat bic xa, Pa; APs ton that do man chan kim loai (bao vé gom), Pa

BN thanh phan cua ton that trén 1a dé khic phuc sirc can thary luc ciia ngon lira nam trong
viing nhiét d6 cao. Vi thé tich san pham chay gap 4 lan thé tich hdn hop khi lanh nén lyc can
thay lyc cua khi chay c6 thé ting 1én khoang 16 lan. Luc can thay luc cia khi chay duoc Xac
dinh theo cong thirc sau [10]:

APs = :

PG+m.pg
2

2 Li —
vs.p VoI pP=—

(6)

Trong do: & 1a hé s6 can thuy luc cua khi chay; vs 1a toc do thoét ra ciia hon hop khi - khong
khi, m/s; p - mét d hon hop khi-khang khi, kg/ms; pe la khoi lwong rigng cua khi chay, kg/m?,
pB - mat do khong khi; kg/m*; m la ty ¢ thuc té caa dong khdng khi va dong khi, bang o; véi o
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= 1,02 khi d6 ps = 0,625 kg/m?; p = 0,33 kg/m?, £ =0,5
- APy: tong ton that nang luong trong budng hat theo [10]:

1 o2 10,583
V6i dn = 15mm, dudng kinh twong duong cua ong ht; 1 =400 mm, chiéu dai cia 6ng hat;
o =10 m/s, van toc trung binh cia dong khi hit; p = 0,33 kg/m?®, khoi lwgng riéng cta hon hop
khi chay & nhiét d6 trung binh; t-Nhiét d¢ trung binh cua dong khi t = (380+60).0,5 = 220 °C;
ty = 146 °C nhiét d6 vach ong hat; & = 0,04, hé s6 tro luc. Thay so6: APy = 0,04. 400/15.10%/2.
0,33. (220/146)%58 = 22 3 (N/m?);
1 w?
Vi | = Log = 200 mm; d1 = 30 mm; ty = (ta + tk) = (820 + 220)/2 = 520°C, Tra bang thong
s6 vat ly caa hdn hop khi tai nhiét do 520°C: p = 0,2 kg/m®; A = 0,042 — Thay s6: APe = 0,042
.200/30.10%/2. 0,2 = 2,8 (N/m?)

- AP ton that trong voi phun [10]: APe= A

- AP; ton tha trén bé mat birc Xa: AP; = (APy + APe + APs). 22 lﬁ
) H

riéng cua khi & 760 mmHg va 0°C, po = 0,12 (kg/m?), Tir d6 ta c6 ZAPc =22,3 + 2,8 + 8,25 +
30,3 = 63,65 (N/m?)

3.2 M phéng ap suét khi chay va nhiét d§ ngon lira trong tim gém nhiét

, VGi: po: khdi lugng

Khai béo thong s6 cua vat liéu gém nhiét, véi lya chon gom nhiét hong ngoai dien hinh
[6] c6 cac théng sO nhu sau:
) Kich thuoc céc tim gom roi: 200 x 100 x 12 (mm); Mét do 15: 25+30 16/cm?; Kich thudc
16: 1+1,4 mm; Hé s6 gidn né nhiét 0+800 °C: < 3,5 10-6/K™;
Chicu dai tw do cua ngon lira 1a Lo = 300 + 320 mm; van toc khi chay, v = 7,8 <8 m/s. Gia
tri ap suat khi chay va nhiét @6 ngon ltra dugc thé hién trén hinh 9.

Ap suat ’w Nhiét dé
1000 B SAARRARRRAL <.
94.4 A . LAl _ JAlA. 1773
88.9 1669
83.3 1565
;;g - e 1461

. Ap suét khi chdy di qua tdm gém 1357
666 P yaiq 9 | 1253
61.1 1149

l 55.5 1045

323 941

g Y . Au day tAm gé = 837
ggg Ngon Itra qua 16 Chiéu day tam gom & =12 732

g - jr—ry v v 2 628
27.8 ’ '1’ - R R YT R 524
22.2 420
16.7 316
1.1 %g
6.8 Blc xa nhiét hdng ngoai 0
[Pa] [°c]

Hinh 9. M6 phong ap suat khi chay va nhiét do ngon lira qua tim gbm nhiét.

- Tudp su;‘it khi chay va nhiét d6 ngon lura hinh 10, ap dung m6 hinh tinh ngon lira khi gas
bang phan mém Ansys fluent ta xac dinh dugc gia tri chieu dai ngon lra ung voi cac duong
kinh voi phun D =30 mm; D =40 mm; D =50 mm dugc md ta trong d6 thi hinh 10.

Khi tang duong kinh voi phun va &p luc khi chay thi chiéu dai ngon hira va nhiét do chay
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s& tang 1én, ta x4c dinh &p suat khi chay ph hop véi didu kién ngon hira trong khoang chéy Ly
<50 (mm).

0O 7 15 22 29 36 43 50 57 64 71 78 85 92 100
Ap suat khi chay. Pa

Chiéu dai ngon lba khoang chdy, mm

—4A—D=30mm —%D=40mm —e—D=50mm

Hinh 10. Su phu thudc gitra ap luc khi chay va chiéu dai ngon lira tai cac duong
kinh khac nhau cua voi phun.

Mt khéc theo cong thire tinh chiéu dai ngon lira khi Gas cua Heskestad [4]:

L¢=0,23. Q*#—1,02. D (m), véi Q la nhiét lwong téa ra caa ngon lira kW; D 1a duong kinh
dau phun, m; véi Q = 161,259 kW, tir d6 D = (0,23.161,259%° — 0,053)/1,02= 0,03 m = 30
(mm). Theo [4] &p suat voi phun va chiéu dai ngon lira c6 méi quan hé theo do thi ang véi
duong kinh D = 30 mm ang véi chiéu dai ngon lira Ls = 53 mm (ng véi &p suat dau phun Po =
50 + 55 N/m? Vay ap suat dong khi tai dau phun nhién liéu: Pn = AP + Po, Vai Po la &p suat
khi can thiét dé tao ra chiéu dai ngon lra theo yéu cau. Nhu vay &p suat dong khi tai dau phun
nhién ligu: Pri = 114 + 120 (N/m?)

3. KET LUAN

Nbi dung ctia bai bao da xac dinh ap suat chdy va dic trung ngon lira trong khoang chéy la
diéu can thiét ma cac cong trinh nghién ctru trude chua dé cap dén, co y nghia khoa hoc va thuc
tién nham nang cao chét luong dbt néng mat duong, lam co s¢ cho viéc ché tao may bo débt
nhién liéu tai Viét Nam. Noi dung bai bdo di dat dugc cac van dé sau:

- Xéc dinh dugc su phu thudc gitra chiéu dai ngon Itra nhién liéu dén nhiét d6 dat duoc, tir
thong s6 chiéu dai ngon lira xac dinh dugc van téc ctia dong khi nhién liéu nén ding cho
MDNMD cd nho lav =7,8 +8 m/s

- Xéc dinh 4p suat tai voi phun nhién lidu tir 46 xac dinh duoc dudng kinh cua dau dét va
thé tich khoang chay cia MDNMB ¢ nho cu thé 1a: thé tich khoang chay V. = 0,023 m* duong
kinh voi phun D = 30 mm; ap suat khi chay: Py = 114 + 120 (N/m?). Két qua nghién ctu trén
1a co sé cho viéc thiét ké ché tao san pham may dbt nong mat duong.

LOI CAM ON
Nghién ciru nay duoc tai tro boi Truong dai hoc Giao thong van tai trong dé tai cap
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