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ABSTRACT. In this paper, we introduce a dimension splitting method for simu-
lating the air flow state of the aeroengine turbine fan. Based on the geometric
model of the fan blade, the dimension splitting method establishes a semi-
geodesic coordinate system. Under such coordinate system, the Navier-Stokes
equations are reformulated into the combination of membrane operator equa-
tions on two-dimensional manifolds and bending operator equations along the
hub circle. Using Euler central difference scheme to approximate the third
variable, the new form of Navier-Stokes equations is splitting into a set of two-
dimensional sub-problems. Solving these sub-problems by alternate iteration,
it follows an approximate solution to Navier-Stokes equations. Furthermore, we
conduct a numerical experiment to show that the dimension splitting method
has a good performance by comparing with the traditional methods. Finally,
we give the simulation results of the pressure and flow state of the fan blade.

1. Introduction. Aeroengine is an important equipment to propel the aircraft
forward and its total thrust is the sum of the thrust generated by the core engine
and the turbine fan. The air flow state between adjacent blades of the turbine
fan determines the thrust value of aeroengine. Since the experiments cost a lot,
numerical simulations become an essential part of the blade geometry design and
optimization [5, 10, 2, 12, 7]. Nevertheless, many difficulties arise in numerical
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simulation such as nonlinearity, high Reynolds number, complex three-dimensional
(3D) geometrical domains, and boundary layer effect (see, e.g., [9]). In order to
alleviate these difficulties, we will use the dimension splitting method to simulate
the airflow state of aeroengine blade fan.

Based on the article [6], we establish a semi-geodesic coordinate system (called
R-coordinate system), whose two basis vectors are on the manifold, and the other
is along the hub circle. Thus, Navier-Stokes equations (NSEs) in the R-coordinate
system can be rewritten as a set of membrane operator equations on the blade
surface, and the bending operator equations along the hub circle [8]. By using Euler
central difference scheme to approximate the third variable, the 3D NSEs become
a series of two-dimensional (2D) equations with three variables. After successively
iterations, the approximate solution to the NSEs can be obtained. Obviously, the
significant feature of this new method is this method only solves the 2D problem
in each sub-domain. In addition, it can alleviate the boundary layer effect by
approaching adjacent surfaces, and the parameterized surface provides convenience
for blade design and optimization.

The purpose of this work is to introduce our proposed method to simulate the
flow state of the channel of aeroengine turbine fan. A lot of work has been carried
out in the field of viscous flow and its applications in aeroengine turbine [16, 15, 4,
11, 14, 13, 3]. In this paper, a toy model is designed to give a comparison between
our novel method and traditional methods. It turns out the new method shows
a good performance for the toy model. Then we apply the proposed method to
simulate the flow state of aeroengine turbine fan.

The present paper is built up as follows. In Section 2, some essential differential
geometry knowledge is briefly introduced, then the R-coordinate system is estab-
lished. Meanwhile, the NSEs’ new form, splitting method and the variational form
are formulated in Sections 3. Furthermore, we derive the finite element form in Sec-
tion 4. Section 5 presents the numerical results, which contain the comparison of
the new method and traditional methods, and the simulation results of aeroengine
turbine fan.

2. The model problem and the new coordinate system. In this section, we
establish a new coordinate system according to the geometric shape of the blade
and give the relationship between the new coordinate system and the rectangular
coordinate system and the cylindrical coordinate system. To express concisely and
clearly, we let Greek letters «, 3, -- and Latin letters i, j,--- range over the val-
ues {1,2} and {1, 2,3}, respectively. Einstein summation convention is adopted in
tensor analysis in the sequel.

Compared with the size of the aircraft engine fan, the thickness of the fan blade
can be neglected. Thus the blade surface S is considered as a 2D surface in R?
in this article, which is a connected subset D defined in R? and mapped to the
range R(D) by the injective map R into R3. Suppose R is smooth enough, any
point = (r,2) € D in the Gaussian coordinate system on the surface (x) can be
expressed as in the cylindrical coordinate system

R(x) =re, +r0(r,2)eg + zk. (2.1)

Here © € C?(D) is a smooth function of radian, (e,,ey, k) are basis vectors of
cylindrical coordinate system on the fan.

The channel 2. is determined by the boundary 09, = I';, Ul UT UT, U
$4 U S, where Ty, Ty are inlet and outlet, Ty, Ty are top surface (shroud)



NUMERICAL SIMULATION FOR 3D FLOW 839

and bottom surface (hub), and Sy, S_ are positive pressure surface and negative
pressure surface (see Figure 1 and Figure 2). Denote N, as the number of blades
and ¢ = /Ny, then rotating one blade 2e can get another which means there exists
a family of single-parameter surfaces 3¢ covering the flow channel by mapping
R(x; &) : D — g, that is
R(x;€) =re, +rbeg + zk, (2.2)
where 0 = £ + ©(r, z) is the rotation angle.
Let
1_ 2 _ _ -1
=z z°=r, £=¢ (0 —O(x)),
it is clear that the Jacobian matrix J (%) = ¢ is nonsingular. Thus we estab-
lish a new curvilinear coordinate system (called R-coordinate system) (z!, 22, ¢)
(r,0,2) = (x', 22, &) s al =2, 22 =7, £ =71 (0 — O(x)). (2.3)
In the R-coordinate system, the fixed region Q = { (2!, 22,¢)| (z!,2%) € D,—1 <

¢ <1} is mapped to a channel Q. = {R(z!,22,¢) = 2%e, + 2%(€ + O(z1,2%)) ey +
ik, V(z!, 2% €) € Q.

FIGURE 1. Aeroengine Figure 2. Channel
turbine fan between two adjacent
blades

Since the new coordinate is established, these basis vectors become a bridge to
communicate different coordinate systems. Let (z,y, z) and (r,0, z) denote Carte-
sian coordinate system and cylindrical coordinate system, respectively, which are
fixed on impeller with angular velocity w in a 3D Euclidean space. Let (i, j, k) and
(er, eg, k) be the basis vectors of (z,y, z) and (r, 0, z), respectively, which satisfy

e, =cosfi+sinfj, ey = —sinbi—+ cosbj,
i =cosfe, —sinfley, j = sinfe, + cosfbey.

The basis vectors of the R-coordinate system are denoted as (e;, es, es), which are
defined as

€q = 0o = 0021+ 0nyj + 0a 2k, a=1,2,
0 ox, Oy, Oz (2.4)
ez = 876(%) = 87614- 676.] + affk,
where
x = z(zt, 2%, &) = rcos§ = 22 cos(e€ + O(x!, 2?)),
= y(zt, 2%, &) = rsinf = 2% sin(e€ + O(x!, 22)),
2= z(zt,22,€) = at.

<
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By straightforward calculation, the relationship between base vectors is as follows

e = 2%01e9 + k = —22sin 0Oi + 22 cos 60,j + k,

ey = Oy2%ep + e, = (cosf) — x2sin 0O,)i + (sin O + 22 cos HO5)j,
e3 = r’cep = —cx?sin i + ex? cos 6j,

e, =ey—c '0ze3, ey=(cx?)"les, k=-e —c 1Ose;,
i=cosfey — (¢ 1 cos O, + (c2%) " !sinf)es,

j=sinfes + ((e2?)7! cos§ — e 71Oz sin f)es,

00

o

(2.5)

where ©, =

The metric tensor aqp of the surface 3¢ is defined as
Aap = €03 = o8 + r2@a@5,
and it is easy to see that ang is nonsingular and independent of £ as follows, that is
a =det(ang) =1 +72|VO|? > 0, (2.6)
where |VO|? = ©2 4 03.

Similarly, the covariant and contravariant components of metric tensor are g;;
and ¢g", which are defined as

9ij = €€, g7 =e'el.
By calculation, they can be expressed as (cf.[5])

Gap = Gap, 938 = gps = er’Op, g3z = 2r?, 97
ga,B — 5aﬁ’ 93[3 — gﬁ3 — —67165, g33 — (5,,4)72&' ( . )

As described in our previous article [6], for given &, both surfaces J¢ and 3 have
the same geometric characteristics and interested readers can refer to the article [6].

3. The NSEs’ new form and its variational formulation.

3.1. Navier-Stokes equations in the R-coordinate system and its dimen-
sion split method. In this section, we derive the flows state governed by the
incompressible rotational NSEs through employing differential operators in the R-
coordinate system. Because of the lighter mass of air, its body force is neglected
and the rotational NSEs can be expressed as

{ %—’:—VAu+(uV)u+2w><u+Vp:—w><(wxr), (3.1)
divu = 0. '

For a time-dependent problem, we usually discretize the problem in time and solve
the static problem at each time step, then the time-dependent problem is reduced
to a static problem at each time step. If we consider an implicit time discretization
(e.g., the backward Euler method) to equation (3.1) with time-step size x, and

multiply & to it, then we have a static problem

{ u — veAu + k(uV)u 4+ 26w X u+ kKVp = —kw X (W X 7) + fu, (3.2)

dive = 0,

where f, is the velocity value of previous time step.
Assume that I}, and Vjuk are the Christoffel symbol and the covariant deriva-

* *
tive in space, while I'*3, and V3 u® are the Christoffel symbol and the covariant
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derivative on surface, their expression can be obtained by
P i i _ oul ]
I =€ -ejp, Viu' = gop + T, u™,
* * *
Ju
[%po=eepr, Vpu® = 55+ 0 u”,
where e;; = 0,e; is the first-order partial derivative of basis vectors.

Lemma 3.1. [6] By denoting (e, es) as the basis vectors in the coordinate system
(xt,22,€), the parts of NSEs in the new coordinate system have the following con-
clustons.

1). The Laplace operator Aw := gijViVju can be written as

Aut = Auz+2g3'y \v %% +g3382u +L£{3% +L13Lu3

: ez T 3 9¢ (3.3)
+LT Vo ul + LY + 83137 Vo u?,
where
L§3 = —(gr)—1(®26$ +2a0240,) — ﬁ@&j’;,
L3 = =2(er) ?(r?050p, — 7“_1~527)7
L§® =303, LY = ~(er) ' (rAO + ©y),
LYo = 2T62a@o’®7 - (,"|V(.-)|2 - 7"_1)620.6,(‘7, (3 4)

LY = 2(er) 1 (520, +10,,)

Lgo = {@7[(01 + 1)@2 + ’I"A@] — 7"_2(52ry + 7"93@57}52&,

L3 (er)71(302, + 2(r?02,0, + 7‘(9%)@7—&—)7"@0@7 + 7“_2@262%
L = (3 = 1|VO[?)ds,

and A© = 50‘59a3, Au® = §* %,\%g u®.
2). Its related items coriolis force and centrifugal force satisfy, respectively,

C=2kwxu= ﬁC;ujei, (3.5)
fi= —keR (G x ) = keF g e ™ = keTF g™ e W g™, (3.6)
where Cj1 =0, C?2 = —2wrO,, C’§ = —2ewr, C2 =2w(re) tag,, Cg = 2wrO,.
3). The pressure gradient is Vp = gij%, which can be represented as

Vp =

9 2 9 “1g @

gf‘[’%T’% + 9“388% _| o= -e ;@aa—’g ;
9% 5 + 9% 58 —e ' @pgar + (re) Pagg
4). The nonlinear term in equation (3.1) is

* o
u’ Vg u® + u368% +ng ubum

B(u,u) = k(uV)u = B (u)e; = k X ) , (3.7
uP A\ ud + u3aa—’f + nimukum
where
ng, =0, ng‘ﬁ = ngg = —red200p, N§3 = —1re2890, n§3 = re0Osy,
nig = (T&)_l(az)\@g + 0250) + 6_1@)\0, ngﬁ = n%g = T‘_lagg.
5). The mass conservation formula can be rewritten as
ou™  oud  w? x ou®
dvu=—+—1+—, divu= —1r030,u’. (3.8)

ox™ o0& r oz™
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By Lemma 3.1, the incompressible rotational NSEs in the R-coordinate system
can be rewritten as
ul + k{uf Vg ul + u3%% + njutu™ 4+ Clu? — v[Au' + 27 v, %Lg
+gP o + LB+ LIPS 4 Li0 Vo w4 L0 + G413V, u?]

ger Ty 9g T 3o
) 9" gen + 9 ggr = F
e} 1o} —
927 t e T 5 =0,
(3.9)
where
Fl=fit i
And its channel region and boundaries are
Q={(=",2% 9| a*) e D, 1< <1}, (3.10)
00 =T Ul US, US_UT, UT,. :
The initial and boundary value conditions are
Uli—0 = Uy, Ulg, us_ =0, ulr,, = Uin. (3.11)

3.2. Variational-difference formulation of Navier-Stokes function in the
R-coordinate system. In this section, the finite-element-difference method will
be presented. The first step is to divide the interval [—1,41] into N-subintervals
with step size 7 = %, that is

[_17+1] = U;CV:_Ol[&kvgk-‘rl]) gk =—-1+ kT? k= 07 17 N -1

Then the domain € is split into N-layers Q = UN_{D x {&, 41} } and the central
difference is used to replace the derivative with respect to the variable &, i.e.,

ow Wkl — We—1 O%w  Wet1 — 2wg + We—1

— , o 3.12
o0& 27 0&2 T2 ( )
where wy, := w(x,&). In order to simplify the equation, we denote that
W41 + Wi—1 _ Wg+1 — Wik—1
[wf = —————, [, = ————. (3.13)

T2 ko 27
Plugging (3.13) into (3.9), we obtain
ut + k{uf %g ul + udul]y +nt, uFum — v[Aut 4 2¢37 %W [u'],
+gP (W'l — 22) + L[l + LYW’y + L Vo (3.14)
+LY0u + 5@[2%" Vo u¥] + gwaaT% +g®pl, +Ciul} = FY,
gut + W3], + % =0,
where
. 1 [Ek+1
Fi = f/ Fi, (3.15)
T Je
And its boundary conditions are

uk|'yo = 07 Uk |vy;, = Win, oD = Yo U Yin U Yout, (316)

where 7o = (I'y UTy) N { = &}y vin = Tin N {€ =&}y Your = Lour N {E = &k}
Introduce the Hilbert space V(D) by

V(D) ={ue H' (D) x H'(D) x H'(D),u = 0l5,uy,, },
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then its inner product and norms are given, respectively, by
(w,v)p = /Qaijwivjﬁdx, aij = {0ap = Gap, Gaz = a3a =0, azg = 1},
wlip =Y 10w[l5p, lwlgp=>lwl§p: lwlip=w}p+Ilwlo.
a g J

Without the ambiguity, the index ‘D’ is often omitted.
For clarity and simplicity, we denote
LK) = —mu(&ufi + L?Y” %U ul + Liyouz —2¢%3 7720},
FELLY Vo ud) +
Bi(k) := /@(u_f Vg ul +ni ubul),

Ci(k) := kCL U, (3.17)

St im —ku(26% ¥y [l + gP [l + L9
PR + R[]

Pl = rg®pl; .

Meanwhile, we denote E} = ﬁ,ﬁ — 8" — P, then the 2D-3C NSEs on manifold ¢
can be written as

£o(k) + B (k) +C (k) + Y = Iy,
L3(k) + B (k) + C*(k) + kg?P Ok = [3, (3.18)
G + [l + % =0

Thus, the variational problem corresponding to the boundary value problem of
the NSEs is as follows:

Seek uy, € L*(0,T;V (D)) + win, px € L3(D), k=0,1,2,--- ,N — 1, s.t.
a(ug,v) + (C(ug),v) + (L(ur), v) + b(ug, uk, v) — (pr, m(v))
= (Fk7v)_ < h,'U >'Yout’v’v € V(D)7

(Qui 4 ) = ([u®)}.q), Vg € L*(D),

(3.19)
where the linear, bilinear and trilinear forms are given, respectively,

a(ug, v) = vi(a;;Orul, O\v?) + ve(@;ul, v7) + (a;;u’,v7),

ai]‘ = Cl,‘j’I”_QCLOéT,

(Clur),v) = £(CF,v1), Cf = anpClupt, C3 = Cu,

(L(ug),v) = vi(L],v"),

L = Oraasdhuf — aap(L07 Vo ull + L20uY),

L = —(I3 Vo u} + LY Vo uf + Luf),

b(ug, up, v) = (kai; B (k), v7), (Fy,v) = (aijﬁlivvj)a

<hv>,,=-[ nuaij&\uf,ivjn’\dl + [, ipr(aaxv® — e0gv°)n dl,
m(v) = K(Oav® — eOgIzv° — eAOV3).

(3.20)

4. Finite element solution of 2D-3C equation. In this section, we apply the
Taylor-Hood elements, i.e., (Ps, P1) Lagrange finite elements for the pair (u,p).
Let V;, and M}, be the finite element subspaces corresponding to space V(D) and
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L?(D), respectively, which are
Vi, := {vy, € CY(Q);vn|x € Po(K), VK € T},},
My, == {pn, € C°(Q);pn|x € P1(K), VK € Tj}.
The product space Y}, = Vj, x M, is subspace of Y = V(D) x L?*(D) obviously.

Then the variational problem (3.19) approximated by the standard Galerkin finite
element method is

Seek wy, € Vi, pp € My, s.t.

a(wn, o) + (C(wn), vn) + (L(wh), vi) + b(wh, wh, vi) — (Pr, m(v4))
= (Fk,vh)f < h,v, >%ut,Vvh eV,

((')wh

oxe + T 7Qh) ([w;ﬂlzaqh); VQh S Mh-

(4.1)

(4.2)

Suppose the finite element basis functions are denoted as

wi(z), i=1,2,--- ,NG1, ¢;i(x), i=1,2,--- NG2,
where NG1 and NG2 are the total number of nodes, respectively. Finite element
expansion of wy,, p; are

NG1 NG2
Z Xm%( )’ Pn = Z Plgbi(x)’ m=1,2,3,
=1
NGl NG2

vf = Z:l Yiei(x), qn= ; Qigi(x), k=1,23.

Assume solution vector W™ and test vector V¥ are
_ {Xl X2 . 'Xn]XGl}Tv W = {WI,WQ,WS}T,
vk ={VL Y% - YkNGl}T, V={VL V2 V3T (4.4)
P = {Plv"' 7PNG2}T7 Q = {le"' 7QNG2}T'

Substitute (4.4) into (4.2), we obtain the result on 2D membrane operator:

a(wy, vp) = KXY,

(L(wp),vp) = LI/ XiY],

;C(wh,w),vh) = CIPxiy] + O XLy,
0

(whavh) = a('wha vh) + (L('wh){vh) + (C(wh’w)7vh) (45)
= K/ Xi + K X4)Y]
b(wh, wh,vh) = bi?]ﬁXsz Y]

(pn.m(vy)) = Bif P'Y]
where

K = wvl(aagdrgi, 0np;) + a2 (aasar™oi,r10))] + (aaseis 25),

LT]ﬁ = kv(O\aagOrpidS, p;) — kVaas (L2 0y6Y 4+ LETY 62 + L2%6Y) i, ¢5),

C B — (Haaﬂc @za@]) C?’Jﬂ = ('%aaﬁcgé@ia@j)a
ICTB Kozﬂ(;-r + LTB + 02’367 ICSB _ ijﬂa
lm P =k aa5{5,\§01 [Oxprbpy, + TS U<Pk53n] +nf,PiPk}s P)s

B = (005,

Proof. In this proof, we only prove (L(wy,),v,). Noting that

* v v v A * 3 3
Vo W = 0,w” + T, w", Vs, w’ = 0,w",
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we obtain
(L(wp),vp) = k(—vaasLs® Vo WY — Vans LEOwY , v))) + K(vOraapdrws, vl
= K(—vaas LY [0,wY + T 0] — vans LEOwY, U}BL)
+r(vOxraasOrwy, vf)
= KkV(0rGagOr Wy — ans LS 0,wY, US)
—v(aag LT wh + aap Lg"wl v))
= kV(O\aapONpidf — aapLi” 0 pidy, 01) X1Y]
7I€V(aaﬁL30FZ)\(pi57)_‘ + aaﬁLgOQOié:v ’ Sﬁj)XiYg
=LPXiy].
The remainder of the argument is analogous and is left to the reader. O

Next, we will give the discrete scheme on the right side of the formula (4.2).
According to the definition of inner product in space V(D), this discrete scheme
can be written as

(Fi,v) = (ans Fp v7) = F'Y,
<hov >, = [ rvasdnei X YinAdL + [ ragsdiPoYintdl = HPY].
Thus, we obtain
T8 yi 38 yi Im,B vi vk «Bpi _ B
Kij Xo + K5 X5 +by, 5 Xi X5, — Bjj P = Fy, (4.6)

where ]-'f =F f - H f . Similarly, the bending operator can be discreted as

a'(wivvi) K%3X§Y3ja ] )
(L(wi)’vi) = LZJ;SX}-—YB,] + L?jﬂXZZ‘aY?,]a )
(C(wp, w),vp) = CFXLYS + CPX3YY,
Ag(wy, vy) = [KFPXE + KXY,
b(w?, w?, v*) = by XfX,’ledj,
(pn,m(vn)) = B} P'Yy,

(4.7)

where

K3 = kv(0rpi, 0npy) + kva2(ar~ o, 17 105) + (i, 05),

L3 = —(kv[L37 (050i0> + Tor0i) + L], 05),  LE = —(kv L3 05i, 05),
C;?? = (HCS’[QDZ‘,QO]‘), CE,]B = (Hcg%a@j),
Kb ks L9408 ks 2 Ly o,
bi;cn]d = "9(801'5155313/3% + 1} Pi0ks 95,

Blv*j?’ = —k(¢i, €005 + fsﬁ@goj).

And its right terms are

(F]gvvg):(FlgzngJ):Ffogjv ] _ ] N ]
<h3 0P > = — [ rvdrei Xie;Yin dl — [ ke©pgiPlo;Yin dl = H}YS .

It is easy to verify it, so its proof will not be given here. Then the bending operators

becomes
a3 vi i ml, 7 * %
KESXE +KEXL+ b X! XF — B P = F2, (4.8)

ik,j
where ]-']3 = Ff’ - H]3
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Finally, we obtain the finite element algebraic equations of equation (3.19), i.e.,
KIPXL+ K X5+ b Xi Xk — B Pt = FP,
Ke3XE + KEXE+ b2 Xi Xf — B Pl = F?, (4.9)

Mingz = _(Sol[XZZ’)]I;a ¢j)7
where
M = (Dapi + 17 i05).

5. Numerical simulations and discussions. In this section, for certain exam-
ples, the results of the new algorithm program and the traditional algorithm pro-
gram will be compared to verify the accuracy of the new algorithm program. And
the new algorithm program shows good performance. Then, based on the new
algorithm, the flow state of the gas in the fan channel of an aeroengine is given.

5.1. The comparison of new method and traditional method. In this part,
a simple model is provided to give the comparison between results obtained by
the dimension splitting method (DS method) and traditional 3D method (T3D
method). In this example, we adopt stationary model and assume © = 0 and
0 = [—7.5°,7.5°], see Figure 3. In this case, the central surface of both methods
is completely coincident. Figure 4 presents one blade of this model and it is also
the shape of the central surface. DS method is concerned with the solution of 2D

FiGURE 3. The channel FIGURE 4. One of blade
of impellers when ©® = 0 in R~coordinate system

surface. Figure 5(a) and Figure 5(b) show the mesh of central surface, respectively.
By comparison, we can see that the mesh of Figure 5(a) is more regular than Figure
5(b). That is because Figure 5(a) is one of the solving planes while Figure 5(b) is
the projection of a 3D mesh on the central plane.

51 2D-manifolds and 4987 elements per surface are used to partition the channel
and for DS method while 254867 elements are used for T3D method. In this model,
we assume v;, = lm/s and w = 10 rad/s. Figure 6 — Figure 9 show the comparison
of results of the velocity distribution on the central surface. And Figure 10 shows
the comparison of results of the pressure distribution on the central surface. By
comparison, we know that the results obtained by 3D method and DS method are
almost identical.
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(a) The mesh in DS method (b) The mesh in T3D method

F1GURE 5. The mesh of central surface generated by different methods

3.3e-+00
': :

—25

3.3e+00
I: ’

—25
2

15

Velocity magnitude (m/s)

1

Velocity magnitude (m/s)

0.5
2.0e-01

+
5

(a) Velocity magnitude calculated by DS (b) Velocity magnitude calculated by T3D
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5.2. Simulation results of aeroengine turbine fan. As mentioned above, the
flow state determines the maximum thrust that aeroengine turbine fan can pro-
vide. Our main purpose is using the DS method to simulate the flow state of the
aeroengine turbine fan. In addition to the alleviation of boundary layer effects and
make parallelism easier, DS method can give one clear design objective © for blade
shape. Because the flow state mainly depends on the shape of blades, © can be
determined by the inverse problem method according to the required thrust value.

In this article, we adopt the blades provided by the partner airlines which shape
can be shown in Figure 1. Its meshes in the R-coordinate system are shown in
Figure 15, and 51 2D-manifolds are used in this case. The velocity at inlet is 80
m/s and the rotating angular velocity is 80 rad/s. Figure 11 — Figure 12 show
the pressure distribution on the blade surface. Because of the rotation, positive
pressure surface and negative pressure surface have different pressure distribution.
The pressure distribution of the positive pressure surface is higher than that of the
negative pressure surface. Because the blade is cocked up at the bottom (see Figure
1), the pressure distribution near the bottom of the blade is obviously different from
other places. Through formula transformation, we present the 3D model of blade
pressure and velocity in Figure 13 — Figure 14.

Meanwhile, we show the velocity distribution at outlet in Figure 16. The velocity
on the outside is significantly higher than that on the inside, and the velocity in the
middle of the channel is also higher than that near the blade, which is consistent
with common sense. From Figure 16, we can find that the maximum velocity is
located at the edge of the blade, which can reach 130 m/s.

5.3. Discussion. In this work, we conduct numerical simulations for 3D flow in the
flow channel of the aeroengine turbine fan based on the dimension splitting method.
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distribution at outlet

However, the simulation of the flow states between the blades is not the ultimate
goal. Our ultimate goal is to use the simulation results to design or optimize the
blades. Meanwhile, the parameterized blade surface provides convenience for blade
design and optimization. Thus, it will be the focus of follow-up research to optimize

the blade by combining the inverse problem. In addition, compressible flow and
boundary layer phenomenons are also the focus of the follow-up research.
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