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CHUONG TRINH TINH DONG KHi TRONG ONG CO TIET DIEN THAY POI
CALCULATING PROGRAM FOR COMPRESSIBLE FLOWS WITH AREA CHANGES

Pham Thi Kim Loan
Truwong Pai hoc Béach khoa, Pai hoc Pa Néng; ptkloan@dut.udn.vn

Toém tat - Ly thuyét dong khi bao gém cac phuong trinh dai s6 voi
ham ma phtrc tap, rat khé khan de tinh toan hoac gidi bai toan
ngwoc lai. D& s& hiru cac phan mem tinh toan dong khi nhw EES
(Engineering Equations Solver) can phai cé ban quyén, do d6 viéc
xay dwng mét chuwong trinh tinh toan cac bai toan dong khi don
gian trong 6ng co tiét dién thay déi bao gébm cac dong dwéi am va
trén am 1a rat can thiét nham phuc vu cho viéc giang day va nghién
ctru. V&i ngdn ngil lap trinh Java chay trong méi trwérng hé tro’ lap
trinh Eclipse, mét chwong trinh tinh toan da dwoc thwc hién nham
giai cac bai toan dong khi tiéu biéu trong bng co tiét dién thay dbi,
Vi viéc kiém soat chat ché cac didu kién trong dong chay dé chon
o] glal phu hop cho céac trwdng hop cla dong khi. Chuong trinh
c6 thé giai cac bai toan véi cac loai khi khac nhau, két qua cla cac
bai toan do chuwong trinh cung cap dwoc s0 sanh voi két qua cac
bai toan méu, cho thay chwong trinh chay 4n dinh va cho két qua
kha chinh xac.

T khoa - dong khi; dwéi am; trén am; EES; chwong trinh tinh;
séng xung kich; shock wave; chocked.

1. Pit véan dé

Khi dong khi di chuyén véi van tdc 16n, sy thay ddi khdi
lwong riéng cuia chat khi tré nén dang chii y. Do tinh nén
duoc cua chat khi, hai vén d& quan trong dang luu ¥ khi
khao sat dong khi la:

- choking, luu lugng khéi lwong ciia dong khi trong
6ng bi gidi han boi diéu kién van tdc ngang am tai
mit cét t6i han,

- shock waves (song tang vot, song nén), tai d6 co
su bién ddi dot ngot, khong lién tyc cua cac thong
s6 dic tinh trong dong khi tir trén 4m vé dudi am.

Bai bao nay giai thich cac hién tuong d6 va dua ra cac
bai toan trong k¥ thuat ciia dong khi, tranh nhitng nham 1an
thuong xay ra voi nhitng suy luan don gian nhu trong dong
khong nén duoc.

Cac bai toan dong khi bao gdm cac phuong trinh dai s6
phic tap, rat kho khan dé tinh toan hodc giai bai toan
nguoc. Cac tai liéu [1], [2] da dya vao cac bang s6 li€u co
san dé tinh todn cac thong s6 dong khong khi theo mdi quan
hé voi s Mach. Véi su phat trién cua Engineering
Equation Solver (EES) [2], cac mbi quan hé trong 1y thuyét
dong khi ¢6 thé dugc gidi quyét cho nhidu loai khi khac
nhau, khong dung dén cac bang so liéu trén. Tuy nhién, aé
so hiru EES can phai c¢6 ban quyén, vi vdy cin xay dung
mot chuong trinh tinh toan cac bai toan dong khi don gian
trong dng co tiét dién thay ddi bao gdm cac dong dudi 4m
va trén 4m, nham phuc vu cho viéc giang day, nghién ciru.

2. Co s 1y thuyét dong khi

2.1. Cdc khdi niém chung
2.1.1. 86 Mach

Abstract - Compressibe flow analysis is filled with scores of
complicated algebraic equations, most of which are very difficult to
manipulate or invert. With EES (Engineering Equations Solver),
any set of compressibe flow equations can be typed out and solved
for any variable; however, the license for EES should be needed.
This research is concerned with subsonic and supersonic
compressibe flow theory and building a program in order to solve
the typical problems of compressibe flows in duct with area
changes using programming language Java. The program
provides correct solutions that can be controled by given examples.
For complicated invert calculations, the program reports the
solutions after some iterations.

Key words - compressibe flow; subsonic;supersonic; EES;
calculating program; shock wave; chocked.

Ma =— (1)

V: van tde dong khi; a: van tdc am cuc bo. Dong khi
trong Ong dugc phan biét 1a dudi am (Ma <1), ngang am
(Ma=1) hodc trén am (Ma >1).

2.1.2. Phuong trinh trang thai khi Iy tuong
p=pRT; R=c,-c, ;

p: ap suét tuyét ddi; p: khéi lugng riéng; T: nhiét do;
R: hing sb chit khi; k: ty s6 nhiét dung riéng;
¢p» Cv: nhiét dung riéng dang ap, dang tich.
2.1.3. Qud trinh dang entropy
Vé6i dong khi déng entropy, mf)i quan hé gifra cac dai
lugng trong dong khi dugc biéu dién dudi dang ham mil.
k/(k—-1) k

p_|L _[ P

)2 T, P

2.1.4. Van téc am

3)

Van t6'cr am a la toc d¢ lan truyén cua song ap suét voi
cuong do rat nho trong moéi trudong chat khi.
I 1/2
2\ =(krT)" 4)
P

2.1.5. Vén téc cuc dai

a=

Khi enthalpy hodc nhiét do tuyét doi giam t6i khong,
van toc dat dén gia tri cuc dai.
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Vmax = (2h0 )1/2 = (ch]:) y/z (5)

ho 1a entanpy & trang thai ham doan nhiét, V=0.
2.1.6. Quan hé véi s6 Mach trong dong ddng entropy [3]

T k/(k-1) l k/(k-1)
&z[—‘)j :[l+—(k—1)Ma2} (6.2)
p T 2
T,
LIRS Yy (6.b)
T 2
1/2 1/2
4 T, 1 2
D 120 o] 1+ = (k- )M. 6.
; [T] [ 2( ) a} (6.0)

po, a0, To: cac thong sb & trang thai ham.

2.1.7. Cdc théng sé & trang thdi téi han (V¥=a*)

Céc dai lugng cua dong chdy ¢ trang thai ngang am
(trang thai toi han) p*, p*, a*, va T* dugc xac dinh tr cac
cong thuce (6.a, b, ¢) khi Ma = 1 va tinh gia tri voi k= 1,4

[1]
" K/ (k=1)
P _ [ﬁ} =0,5283 (7.2)
py \k+
%
TTzilzo,sm (7.c)
+
0
* 1/2
“—:[ﬁ} =0,9129 (7.)
a, +

Trong dong dang entropy, cac thong s6 t6i han 1 hing
s0; trong dong doan nhiét khong dang entropy, a* va T* 1a
hang sb, nhung p* va p* c6 thé bién thién.

2.2. Dong ding entropi trong éng cé tiét dién thay déi

Subsonic Ma =1 Supersonic
—_— | —_— -

——

Hinh 1. Ong thu hep — mé réng
Phuong trinh thé hién quan h¢ gitra cac thong s6 cho
dong dang entropi trong Ong co tiét dién A thay doi:
dv._dA 1
VoV Ma’ -1
Trong dong chay qua ong thu hep - mé rong (Hinh 1)

chat long c6 thé tang toc tir dudi am 1én trén 4m néu dat
dén van toc ngang 4m tai hong.

2.2.1. Quan hé giita ti s6 dién tich véi so6 Mach [1]

0,5(k+1)/(k-1)
A 1{1+0,5(k—1)Ma2} )

A* Ma|  05(k+1)

®)

A*: dién tich hong ngang dm; Ma: s6 Mach tai mat cat
co dién tich A>A¥*.

Bai toan trd nén phic tap khi tinh toan s Mach véi
A/A* cho trudc. Vi gia tri A/A* cho trude, cé hai két qua

s6 Macho dong dudi 4m va dong trén m.
2.2.2. Choking - Sw chan gia tri luu lwong (Luu luong khéi
khong thé vuot qua gia tri gioi han)

Voi diél;l kién ham cho trudc, dong khi co :[hé dat duoc
luu lugng toi da (gia tri gioi l}an) khi tai hong ong dat trang
thai t6i han. Khi d6 dudng 6ng dugc cho la choked - luu
luong khoi bi chan tai gia tri gidi han, khong thé tang thém
trir khi mé rong hong ong. Luu lugng t0i da mmax [1]:

m_ =k"? 2
e k+1

(1/2)(k+1)/(k-1)
j A* p,y(RT,)" (10)
2.2.3. Ham leu lwong khoi cuc bo

Luu lugng thye m dugce tinh theo théng sé hdm va ap
suat tai mot mat cat co dién tich A trong ong [1]:

2/k (k-1)/k
A py k—1{po Po

p.A: 4p suét va dién tich dng & vi tri x. Khi p/po giam,
ham luu luong khoéi tang nhanh va dat gia tri toi da khi
p=p*. Khi p>p* luu luong khoi bi chan tai gia tri toi da,
khong the tang tiép du p giam (choked).

2.2.4. Shock wave - Song xung kich

La hién tuong khong thuan nghich, xay ra khi dong trén
4m bi can tr6 tai phia ha luu, dong khi qua shock wave s&
giam van toc dot ngot tir trén am vé dudi am.

Ky hi¢u: 1: & thuong luu mat séng (dong trén am);

2: & ha luu mét song (dong dudi am);

Quan hé gitta s6 Mach va dién tich mat cit téi han A*

0 thugng luu va ha luu shock wave [1]:

(k—1)Ma] +1

Ma? = 12

S Ma? — (k1) (12
Ay Ma, [ 2+ (k—1)Ma; (/X i) 03
Al 2+ (k —1)Ma3

3. Dong khi qua 6ng cé tiét dién thay doi
3.1. Dong khi di qua voi hinh cén thu hep

/—! Izt
I boundary

Hinh 2. Dong khi di qua voi hinh cén thu hep

Dong khi tir ap suat him p, di qua voi thu hep nho ap
suat py O phia ha luu voi ¢6 gia tri py<po.
- pv> p*: 4p sudt p.tai miéng ra cua voi 16n hon 4p
suat toi han p*. Dong la dudi 4m, pe=py. Luu
lurgng khoi nho hon gia tri t&i han mpay.
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po=p*: dong tai miéng voi la ngang am, pe = o,
luu luong dat gia tri t&1 han mpax.

po< p*, choking, luu lugng qua voi gitt & gia tri
Mpax, dONg tai miéng voi la ngang am, p. = p*. T
miéng ra ctia voi, dong s& gidn ra dé dat trang thai
trén 4m vé phia ha luu, ap suét giam tir p* vé py.

3.2. Dong khi qua ong thu hep - mé rong (Hinh 1)

Dong khi tir ap suat him po di qua dng thu hep — mo
rong nhd ap suat pp 0 phia ha luu voi co6 gia tri py<po.

pv> p* (4p suét t6i han tai hong dng): ap suét pe tai
miéng ra cua 6ng 16n hon p*. Dong la dudi am,
pe= pb. Luu lugng khdi nhé hon gia tri toi han mypax.
Khi ti s6 Ac/A; (dién tich mat cét ra/ dién tich mat
cit hong) bang ti s toi han AJ/A« di voi dong
dudi am c6 Ma,, dong tai hong 6ng 1a ngang am,
luu luong khéi dat gia tri cuc dai. Ngoai tru tai
hong 6ng, dong tai moi noi trong éng la dudi am,
bao gém ca dong tai miéng ra cua éng, pe=ps
Khi pv/po twong tmg v6i ty 50 dién tich t6i han
A /A* dbi véi dong trén am co s6 Ma.: ty sb ap
suat thiét ké cuia dng phun, dong & phia sau miéng
6ng 1a trén am, pe=pb

pv/po 16n hon ti s6 ap sudt thiét ké, nhung pv<p*,
tai hong 0 ong la dong ngang am, dong & phan mé
rong cta Ong 13 trén 4m va xuat hién song xung
kich dé dong vé dudi 4m, pe=ps.

4. Ung dung ngén ngir 1ap trinh Java xiy dung chwong
trinh gidi cdc bai toan dong khi don gidn
4.1. Muc dich

Lap chuong trinh dé giai cac bai toan dong khi
trong dng co tiét dién thay dbi.

Cac bai toan sé duogc tinh cho cac loai khi khac
nhau va cac thong sé dau vao khac nhau.

Chua ¥ dén nhitng nhim 13n thuong gap khi ap
dung cac cong thuc dung cho dong khong khi
(k=1,4) dé giai cho cac bai toan véi cac chat khi
khac nhau.

4.2. Ldp chwong trinh tinh todn

4.2.1. Ngon ngir ldp trinh: Java, chay trong moi trudng hd
tro 1ap trinh Eclipse [4].

4.2.2. Cdc bude ldp trinh — Sor do khoi (Hinh 3)

Xay dung file co s dit liéu cac thong sb dic tinh
cua cac loai khi thuong gép: Bang A4 [1].

Khi R (m%(s>’K)) | pg(N/m®) | p(N.s/m? k

Air 287 11,8 1,8.10° 1,4
Argon 208 16,3 2,24.10° 1,67
CO2 189 17.9 1,48.10° 1,3

Pinh nghia cic bai toan dugc xdy dung trong
chuong trinh.

Lap chuong trinh dé giai timg bai toan va xut két
qua 1én man hinh.

Bit déu

y

Co so dir liéu — Dinh nghia cac bai toan

!

Chon bai toan dé giai (nhap tir 1 dén 3)

Bai toan3 >

!

Chon loai khi, nhap thong s6 du vao

l Tinh toan, xtr 1y két qua |

|

| In két qua bai toan l

A 4

Hinh 3. So do khéi

4.3. Cic luu y trong lap trinh va két qud
4.3.1. Bai todn dong khi chay trong ong thu hep - mé réng

Possibly
Subsonic supersonic

Throat

| Assume

| " B
— | — —= | —= isentropic
|

| flow

T =470K

=0.036 m

Hinh 4. Dong qua éng thu hep - mé rong [1]

Dong khi chuyén dong déang entropi trong ong thu hep
— m6 rong. Tai mat cat 1 cho biét dién tich Ai, Vi, pi, Ti.
Tai mat cat 2 cho biét dién tich A,. Tinh Ty, Mai, po, A*,
luu lvong m,Ma,; p, voi hai truong hop dong tai mat cat 2
la dudi am va trén am (Hinh 4).
Céc luu y trong chuong trinh:
- Khi nhdp gi4 tri dién tich mat cét 2, cha y diéu
kién A*(hong ong)< Ax<A,
- Khi tinh Ma, tir cong thirc (9), khong thé bién doi
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dai s6 don gian, ma phai st dung phép lap vdi gia
s0 cua Ma 1a 0,001 va sai so (A/A*) cho phép la
0,005 @€ nhan dugc két qua chinh xac.

Hién thi trén man hinh nhu sau:
NHAP THONG SO PAU VAO

Dién tén loai khi: Air

Dién tich mit cat 1 Al: 0.05 (m2)
Van tc mit cat 1 V1: 180 (m/s)
Ap sudt mat cit 1 pl: 500 (kPa)
Nhiét 6 ¢ mat cat 1 T1: 470 (K)

KET QUA HIEN THI

Nhiét do ham: T0 = 486.0 (K)

Van téc 4am & mat cat 1: al =435.0 (m/s)

S6 Mach & mit cit 1: Mal = 0.414

Ap suét him: p0 = 563.0 (kPa)

Dién tich mat cit toi han: Asao =0.0323 (m2)
Luu lugng khéi lugng: m = 33.4 (kg/s)

Dién tich mit cit 2 A2: (m2): .03

A2 chwra théa mén diéu kién: A1>A2>Asao
Nhap lai dién tich mit cat 2 A2: (m2): .036
S Mach dong dudi am: Ma2sub = 0.674

Ap suét dong dudi am: p2sub = 415.26(kPa )
S6 Mach dong trén am: Ma2super = 1.4

Ap suét dong trén am: p2super = 177.67 (kPa )
Tiép tuc chuong trinh?(Yes/No) : N

Ban da hoan thanh chuong trinh!

Chuong trinh cho két qua dang véi sb lidu trong bai
toan mau de so sanh.
4.3.2. Bai toan dong khi chay qua voi thu hep (Hinh 2)
Dong khi qua voi hinh c6n thu hep ¢6 dién tich hong
voi 1a A*, thdong s6 ham po, To, di vao vung ha luu co6 ap
suat py<po. Tinh &p suat tai mat cat ra cia voi va luu luong.

Céc luu y trong chuong trinh:

Dong khi chuyén dong dugc do 4p sudt & phia sau
voi (phia ha luu) py<po. Luu lugng tinh theo cong
thirc (10) hodc (11), bi chan tai gia tri t6i han néu
pv<p*, do d6 trong chuong trinh can kiém soat gia
tri pp nhap vao.

Ap suét tai miéng ra ciia voi p. phu thudc vao ap
suét py ¢ phia ha luu cia voi.

Néup, = p* = pe = pp

Néu p;, < p*: choking = p, = p*

Hién thi trén man hinh nhu sau:
NHAP THONG SO PAU VAO

Dién tén loai khi: Air

Dién tich hong Ae: .0006(m2)

Ap suat ham p0: 120(kPa)

Nhiét d6 ham T0: 400(K)

Ap suét ving ha luu pbl: (kPa) 90

------- KET QUA ------emeee-

Ap suét tai hong: p* = 63.4 (kPa)

===> Dong dudi am (no choked)

Ap suét ra: pe; = 90.0 (kPa)

S6 Mach tai hong: Ma.= 0.654

Luu lugng khéi lugng: m = 0.129 (kg/s)
Tiép tuc chuong trinh? (Yes/No) : Y

NHAP THONG SO PAU VAO

Dién tén loai khi: Air

Dién tich hong Ae: .0006(m2)
Ap suét him p0: 120(kPa)

Nhiét do ham TO0: 400(K)

Ap suét ving ha luu poi: (kPa) 45

------- KET QUA ------emeee-

Ap suét tai hong: p* = 63.4 (kPa)

===> Dong ngang am tai hong (choked)
Ap suét ra: pe; = 63.4 (kPa)

S6 Mach tai hong: Ma.= 1

Luu luong khdi luong: m = 0.455 (kg/s)
Tiép tuc chuong trinh? (Yes/No): N

Chuong trinh cho két qua ding véi sb lidu trong bai
toan mau de so sanh.

4.3.3. Bai toan dong khi chay qua voi thu hep-mo rong co
song xung kich (shock wave)(Hinh 5)

Possible
normal shock

N

Throat

Hinh 5. Voi thu hep - mo rong, co song xung kich

Voi thu hep - mé rong c6 dién tich hong A*, dién tich
miéng ra A.. Dong khi tir diéu kién ham po, To qua voi thu
hep - mé rong di vao ving ha luu c6 ap suit py<po. Tinh ap
suat tai miéng ra va luu lwong khéi lwong trong 2 truong
hop: (a) diéu kién thiét ké; (b) Tinh vai gid tri pp cho trudc.

Céc luu y trong chuong trinh:

Khi nhap gia tri dién tich miéng ra A. cta voi, can
cha y didu kién A:> A*,

Ma, tai mi¢ng ra dugc tinh tur cong thirc (9) theo
ti sO AJJA* véi diéu kién Mac>1, phai st dung
phép lip véi gia sb cua Ma 1a 0,001 va sai sd
(A/A¥*) cho phép 14 0,005 dé c6 két qua chinh xac.
Véi ap suat ¢ ha luu py 16n hon ap suit miéng ra
& ché d¢ thiét ké pedesign, Xuat hién song xung kich
trong phdn mo rong cua voi, xét 2 gidi han twong
ung voi truong hop F va truong hop C [1].

Khi mat song xung kich ¢ ngay miéng ra cua voi
(truong hop F), tinh ap suat por ¢ ha luu mat song xung
kich va xét diéu kién py>p2r. Khi mat séong xung kich &
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ngay tai hong (truong hop C) thi dong phia ha luu hong voi
la dudi am, Maec tai miéng ra dugc tinh tir cong thirc theo
ti s6 AJJA* voi diéu kién Ma.<1, tinh 4p suét tai miéng ra
pec va xét diéu kién py<pec.

Chuong trinh cho két qua dang véi sb lidu trong bai
toan mau dé so sanh.

5. Két luan

Trén co s& nghién ciru 1y thuyét dong khi va ngdn ngir
lap trinh Java ciing méi trudng hd tro 1ap trinh Eclipse, tic
gia da xay dung dugc chwong trinh tinh toan dé giai cac bai
toan dong khi co ban, ap dung cho cac loai khi khac nhau
va cac bo thong s6 dau vao bién doi duoc. Chuong trinh da
duogc thuc hién, chay on dinh va cho két qua chinh xac.

Tir chwong trinh nay, c6 thé phat trién thanh chuong

trinh tinh toan thiét ké 6ng khi dong, phuc vu cho viéc
giang day va nghién cuu.

Chuong trinh ciing ¢6 thé dugc phat trién theo hudng
tinh toan cho cac bai toan dong khi trong dudng Ong c6 ma
sat hodc trong duong ong c6 trao doi nhiét vai bén ngoai.

TAI LIEU THAM KHAO
[1] Frank M. White, Textbook, Fluid Mechanics, 4" edition, McGraw
Hill, New York, 2001

[2] Frank M. White, Textbook, Viscous Fluid Flow, 2™ edition,
McGraw Hill, New York, 1991

[3] Vi Duy Quang, Pham Btic Nhuan, Gido trinh, Ky thudt thiy khi,
Nha xuat ban Khoa hoc va Ky thuat, Ha Noi, 2009

[4] H.M. Deitel and Paul Deitel, Textbook, Java How to Program, 10"
edition, Pearson Education, 2014

(BBT nhén bai: 12/12/2016, hodn tdt thii tuc phén bién: 30/12/2016)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




