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In this pa per, based on the ther mo dy namic de sign of the super criti cal car bon di ox -
ide (sCO2) cen trif u gal com pres sor, the de sign idea of the flow pas sage ge om e tries
and the method to im prove the per for mance of the sCO2 cen trif u gal com pres sor are
dis cussed. With the help of com mer cial soft ware ANSYS CFX, the in flu ence of the
shape of the lead ing edge and trail ing edge is stud ied, and the el lip ti cal lead ing
edge makes the pres sure ra tio 10.30% higher and the ef fi ciency 3.95% higher than
the square lead ing edge. By chang ing the for ward-swept an gle and back -
ward-swept an gle of the lead ing edge, the ef fects of aero dy namic swept shape in
sCO2 cen trif u gal com pres sor are dis cussed. The ef fect of the gap be tween the im -
pel ler blade and dif fuser blade is dis cussed, and the 10 mm gap makes the per for -
mance best. The pres sure ra tio is in creased by 2.5% com pared with the orig i nal de -
sign, while at the same time the ef fi ciency is slightly im proved. In sum mary, based
on ther mal de sign of the sCO2 cen trif u gal com pres sor, the ef fects of dif fer ent flow
ge om e tries are an a lyzed in de tail.

Key words: cen trif u gal com pres sor, sCO2, nu mer i cal sim u la tion
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In tro duc tion

The cen trif u gal com pres sor has the char ac ter is tics of com pact struc ture, good pro cess
per for mance and high sin gle-stage pres sure ra tio, so that it plays an im por tant role in aero space
and trans por ta tion. It has been widely used in var i ous fields of in dus try. In aero space in dus try
the cen trif u gal com pres sor is mainly used in turboshaft and tur bo prop en gines. The com po si tion 
of the cen trif u gal com pres sor in the en gine de vel ops from sin gle-stage cen trif u gal com pres sor,
ax ial-flow and sin gle stage cen trif u gal com pres sor to two stage cen trif u gal com pres sor, and
there have been di ag o nal-flow com pres sor and di ag o nal-flow cen trif u gal com pres sor.

With the grow ing de mand for de vel op ment, there are higher re quire ments for struc ture
and per for mance of cen trif u gal com pres sor. Mean while, the cen trif u gal com pres sor us ing nor mal
re frig er ant has been dif fi cult to meet the de sign re quire ments. The CO2 has be come one of the
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most prom is ing nat u ral re frig er ants due to its char ac ter is tic prop er ties un der super criti cal con di -
tion. The CO2 is col or less, odor less and non-toxic. Be sides, it has steady chem i cal prop er ties and it 
is easy to get be cause it widely ex ists in the at mo sphere. The crit i cal tem per a ture of CO2 is 31.1 °C
and crit i cal pres sure is 7.4 MPa [1], thus it is easy for CO2 to reach the super criti cal state, which
has lower re quire ment on equip ment and de crease the pro duc tion cost. The CO2 has high den sity
like liq uid, low vis cos ity like gas and low sur face ten sion and has good flow, pen e tra tion and
trans fer per for mance un der super criti cal con di tion [2, 3]. Us ing sCO2 as ther mo dy namic cy cle re -
frig er ant makes it pos si ble to make full use of the char ac ter is tics of the high den sity near the crit i -
cal point, re duce the com pres sion power of the whole cy cle [4] and im prove cy cle ef fi ciency.
Mean while, the com pres sor us ing sCO2 as re frig er ant has a smaller struc ture [5].

Based on the spe cial char ac ter is tics of sCO2, some schol ars have car ried out the o ret i -
cal anal y sis, nu mer i cal sim u la tion and ex per i men tal re search on the de sign, pa ram e ter op ti mi za -
tion and ef fi ciency of sCO2 cen trif u gal com pres sor. Kim [6, 7] an a lyzed the per for mance of
sCO2 cen trif u gal com pres sor with dif fer ent mass-flow rate by nu mer i cal method and ex per i -
men tal method. It is found that the nu mer i cal sim u la tion re sults are in good agree ment with the
ex per i men tal re sults. The sCO2 com pres sor test sys tem was con structed by Sandia Na tional
Lab o ra to ries Al bu quer que, N. Mex., USA. The flow char ac ter is tics of the com pres sor and the
sys tem con trol near the crit i cal point were stud ied by the o ret i cal anal y sis and ex per i men tal mea -
sure ment [5]. Pecnik et al. [8] used Spalart-Allmaras (S-A) model and two equa tion k-w SST
tur bu lence model to carry out the nu mer i cal anal y sis of the ra dial-flow sCO2 com pres sor, and
com pared the nu mer i cal re sults with the sCO2 com pres sion cy cle test data of Sandia Na tional
Lab o ra to ries. Ishizuka et al. [9] and Muto et al. [10] used a mod u lar ap proach to de sign a small
size cen trif u gal com pres sor as a test of the sCO2 com pres sor to gether with their part ners.

Based on the cur rent re search, this pa per at tempts to ex plore and ex ca vate new de sign
free dom, en rich and in crease the de sign di men sions, ex pect to im prove the work ing abil ity of
sCO2 cen trif u gal com pres sor. The pres sure ra tio and ef fi ciency of the com pres sor can be fur ther
im proved by chang ing the shape of the lead ing edge and trail ing edge of the blade, the shape of
the blade lead ing edge and the gap be tween the im pel ler and the vane dif fuser.

De sign of the sCO2 com pres sor

The state pa ram e ters of in let and out let are se lected by tak ing ex am ple from Zhao et al.
[11]. The com pres sor de sign was de vel oped us ing a three-step de sign pro cess. First, a quick
para met ric screen ing study us ing mean line anal y sis and em pir i cism was con ducted to syn the -
size the ef fects of var i ous de sign pa ram e ters on per for mance [12]. Based on 1-D flow, the ther -
mo dy namic pa ram e ters of each fea ture point and the ba sic di men sions of the main parts of the
flow pas sage are fi nally de ter mined with the sup port of the ac tual gas state equa tion, pro cess
equa tion, flow con ti nu ity equa tion, mo men tum equa tion, and en ergy equa tion. Once a skel e tal
ge om e try model that had a per for mance po ten tial con sis tent with the re quire ments was es tab -
lished by self-de vel oped pro gram. The de tailed ge om e try of the cen trif u gal com pres sor was
sculpted us ing ANSYS Work bench as a turbomachinery ge om e try mod eler. The de vel op ment
of the de tailed ge om e try was guided by var i ous aero dy namic anal y sis tools in clud ing 3-D vis -
cous CFD. 

The per for mance es ti mates as well as the state pa ram e ters at in let and out let of the de -
signed cen trif u gal com pres sor are listed in tab. 1. The de tailed geo met ric pa ram e ters of the im -
pel ler and dif fuser are de ter mined in the de sign pro cess. In this pa per, mul ti ple tests were con -
ducted to en sure the high ef fi ciency of the sCO2 cen trif u gal com pres sor. Fig ure 1 shows the
me rid i o nal planes shape of the im pel ler of the de signed sCO2 com pres sor and fig. 2 for the ge -
om e try of the dif fuser.
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Ac cord ing to the geo met ric pa ram e ters of
ther mal de sign, the 3-D mod el ing of im pel ler
and dif fuser of sCO2 cen trif u gal com pres sor is
car ried out, as shown in fig. 3. The whole 3-D
model in cludes 15 im pel ler blades and 15 dif -
fuser blades, the im pel ler ra dius is 101.959 mm,
and im pel ler blade height at out let is 18.586
mm.

Nu mer i cal meth ods

Bound ary con di tions

In this pa per, a sin gle pas sage model (a 
im pel ler flow pas sage and a dif fuser flow pas sage) is adopted for nu mer i cal cal cu la tion. The re -
frig er ant is sCO2, and the phys i cal pa ram e ters are the same with CO2RK in the MA TE -
RIAL-redkw da ta base in ANSYS CFX. The da ta base is based on the Redlich-Kwong equa tion,
and pro vides a va ri ety of amend ments. Kim et al. [6] es ti mate the er ror be tween the real prop er -
ties and the ones cal cu lated within the CFX code to ver ify the re li abil ity of the CO2RK. The
bound ary con di tions of mass, flow, and tem per a ture are given in the im pel ler fluid flow field,
and the in let flow rate is 18.173 kg/s, the in let tem per a ture is 306.7 K. Be sides, the im pel ler
fluid-flow, field is set around the Z axis with a ro ta tional speed of 15000 rpm. The dif fuser
fluid-flow field is set as the pres sure out let bound ary con di tion, and the out let pres sure is 18.94
MPa. The mixed model Frozen ro tor is adopted to cou ple the flow of the im pel ler and dif fuser.
Mean while, the wall sur face of the dif fuser is set as an ab so lutely sta tion ary wall, and the wall of 
the im pel ler is set as a rel a tively sta tion ary wall, and the up per and the lower walls of all the re -
gions are adi a batic walls, which can meet the re quire ments of non-slip flow con di tions.

Tur bu lence model

The SST k-w tur bu lence model is adopted in this pa per, which was pro posed by Menter
[13] based on the k-e and k-w tur bu lence model. This model com bines the ad van tages of the k-e tur -
bu lence model and k-w tur bu lence model. It not only over comes the lim i ta tions of k-e tur bu lence
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Ta ble 1. Per for mance es ti mates and state
pa ram e ters of the de signed com pres sor

Type Pa ram e ters Value

In put power, [MW] 5

Per for mance
es ti mates

Mass-flow rate, [kgs–1] 272.6

Ro ta tional speed, [rpm] 15000

Ef fi ciency, [%] 79.5

In let tem per a ture, [K] 306.7

State
pa ram e ters

In let pres sure, [MPa] 8.96

Out let tem per a ture, [K] 327.5

Out let pres sure, [MPa] 18.94

Fig ure 1. Me rid i o nal planes shape of the impeller

Fig ure 2. Me rid i o nal planes shape of the diffuser

Figure 3. The sCO2 centrifugal compressor
3-D model; (a) impeller, (b) diffuser



model to sim u late the wall re gion of low Reynolds num ber, but also over comes the dis ad van tage
that the k-w tur bu lence model has a high re quire ment for grid qual ity, so it is ef fi cient and ac cu rate to 
sim u late tur bu lent flow. Some other schol ars [14-16] have also used the tur bu lence model in the
anal y sis of cen trif u gal com pres sor, and ob tained rea son able re sults.

The nu mer i cal com pu ta tion in this pa per is ac com plished in com mer cial soft ware
CFX. The flow and tem per a ture field are ac quired by solv ing 3-D Navier-Stokes equa tion. The
nu mer i cal com pu ta tion is con sid ered con verged when the re sid u als of con ti nu ity equa tion, mo -
men tum equa tion and en ergy equa tion are all be low 1×10–4 and the av er age in let pres sure and
out let tem per a ture de vi a tion of ad ja cent it er a tion step is less than 0.1%.

Grid de pend ence

This pa per adopts hexa he dral
struc tured grid to mesh model, se lect -
ing the method of the com bi na tion of
H-type, C-type, J-type, and L-type.
The H-type mesh ing is used on the
blade lead ing edge, trail ing edge and
side, and the O-type mesh ing is
adopted on the blade sur face. In or der
to avoid the cal cu la tion er ror caused by 

mesh pre ci sion, tak ing the de sign model as an
ex am ple, a va ri ety of grid scales (100000,
200000, 400000, and 700000) were used to
mea sure the in let pres sure of the im pel ler, dif -
fuser out let tem per a ture and im pel ler torque,
and the ver i fi ca tion re sults are shown in tab. 2.
As can be seen from the ta ble, the re sults of
400000 grids and the 700000 grids are rel a tively 
close. Tak ing into ac count the cal cu la tion of re -
sources and time, the fi nal se lec tion of the num -
ber of the grid is about 400000. The sche matic
di a gram of the mesh is shown in fig. 4.

Re sults and dis cus sion

Dif fer ent lead ing edge shapes

On the ba sis of the de sign model, the nu mer i cal sim u la tion is car ried out to study the
ef fect of lead ing edge shape on sCO2 cen trif u gal com pres sor. The cal cu la tion sets four pro -
grams, namely Square LE, Cir cle LE, El lipse LE1, and El lipse LE2, as is shown in fig. 5, where
the el lip ti cal axis ra tio of El lipse LE1 is 2.5 and that of El lipse LE2 is 5. The trail ing edges of the
four pro grams are kept con stantly cir cle, and the to tal chord length of the blades is con sis tent.
Be sides, the bound ary con di tions are the same as the de sign con di tions.

Ta ble 3 lists the com par i son of per for mance pa ram e ters of cen trif u gal com pres sor
with dif fer ent lead ing edge shapes. It can be seen that the to tal pres sure ra tio of El lipse LE2 is
the larg est and its ef fi ciency is the best, fol lowed by El lipse LE1, Cir cle LE, and Square LE.

In this pa per, the sCO2 cen trif u gal com pres sor is eval u ated by the to tal-to tal ef fi ciency, and
the con crete cal cu lat ing meth ods are:
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Ta ble 2. Grid in de pend ence (de sign model)

Num ber
of grids

Im pel ler in let
pres sure,

[MPa]

Dif fuser out let
tem per a ture,

[°C]

Im pel ler
torque,
[Nm–1]

100000 8.8510 329.502 224.225

200000 8.9159 329.078 220.928

400000 9.0466 328.304 215.733

700000 9.0485 328.203 215.478

Fig ure 4. The sche matic di a gram of the mesh;
(a) impeller flow passage, (b) diffuser flow
passage
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where h is the rep re sents the enthalpy value of
sCO2, in – the in let of the cen trif u gal com pres -
sor, out – the out let of the dif fuser, T – the to tal
pa ram e ters.

In the im pel ler pas sage, the fluid ac cel er ates
rap idly af ter by pass ing the lead ing edge and
over ex pands. When ap proach ing the blade, a
large in verse pres sure gra di ent oc curs on
the blade sur face due to the abrupt change
of cur va ture, and the fluid tends to sep a -
rate at this time. The dis tur bance of sep a -
ra tion leads to the tran si tion of lam i nar
flow and down stream flu ids un dergo tur -
bu lent reattachment. Thus the sep a ra tion
bub ble is formed. Fig ure 6 is stream line
dis tri bu tions of the im pel ler. As can be
seen from fig. 6, for Square LE, sep a ra tion 
bub bles are formed on both the suc tion
and pres sure side of the im pel ler blade,
which are then re-ab sorbed on the blade sur face down stream. Cir cle LE only pro duces a sep a ra -
tion bub ble on the suc tion side of the blade, and is rap idly ad sorbed to the blade sur face. The size 
of the sep a ra tion bub ble is much smaller than that of Square LE. Mean while, the loss near the
trail ing edge is much smaller. It is worth men tion ing that the sep a ra tion bub bles at the lead ing
edge of El lipse LE1 and El lipse LE2 are very weak. There fore, the loss of El lipse LE is smaller
than that of Cir cle LE.

Dif fer ent trail ing edge shapes

Sim i larly, on the ba sis of the de sign model, the nu mer i cal anal y sis of four dif fer ent
trail ing edge shapes is car ried out. Fig ure 7 shows the shape of the trail ing edge en large ment,
where the el lip ti cal axis ra tio of El lipse TE1 is 2.5 and that of El lipse TE2 is 5. Be sides, the
bound ary con di tions are the same as the de sign con di tions.

Ta ble 4 shows the com par i son of per for mance pa ram e ters of cen trif u gal com pres sor
with dif fer ent trail ing edge shapes. As can be seen from tab. 4, al though the pres sure ra tio of the
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Figure 5. Different leading edge shapes

Ta ble 3. The com par i son of dif fer ent lead ing
edge shapes

Case
Power,
[MW]

To tal pres sure
ra tio

To tal-to tal
ef fi ciency

Square LE 4.613 1.872 0.7749

Cir cle LE 5.034 2.045 0.7802

El lipse LE1 5.089 2.048 0.7858

El lipse LE2 5.099 2.065 0.8055

Figure 6. Streamline distributions of the impeller; (a) Square LE, (b) Circle LE, (c) Ellipse LE1, and
(d) Ellipse LE2



Square TE pro gram is the high est, but the ef fi ciency is the low est, and the max i mum ef fi ciency
dif fer ence with other pro grams is about 2%, which shows that the trail ing edge of smooth tran si -
tion is better than the blunt trail ing edge. In ad di tion, ef fi ciency of El lipse TE1 is higher than
that of El lipse TE2, while the to tal pres sure ra tio var ies not much, which means that when the el -
lip ti cal axis ra tio is big ger, ef fi ciency is not nec es sar ily better.

Fig ure 8 shows the rel a tive Mach
num ber dis tri bu tions in 50% blade
height sec tion near the trail ing edge.
As can be seen, the im pel ler out let
flow uni for mity of the Square TE
scheme is rel a tively poor. Be cause
the cur va ture of Square TE is large,
the se ri ous flow sep a ra tion is oc -
curred near lead ing edge re gion
which in turn af fects the flow in the
dif fuser. The in crease of the non-uni -
for mity of out let flow leads to a large

loss of the com pres sor, which shows that the ef fi ciency is lower than the other three schemes.
The dif fer ence be tween the rel a tive Mach num ber dis tri bu tions of the other schemes is very
small, so the smooth shape of the trail ing edge has lit tle in flu ence on the flow struc ture. At the
same time, the big ger el lip ti cal axis ra tio of El lipse TE will in crease the Much num ber of the

trail ing edge which lead ing to a higher loss co ef -
fi cient. So that the per for mance of El lipse TE
with smaller el lip ti cal axis ra tio is better.

Dif fer ent lead ing edge swept shapes

In this pa per, the nu mer i cal sim u la tion of the
dif fer ent lead ing edge swept shapes of the cen -
trif u gal im pel ler is car ried out based on the de -
sign model. Dif fer ent schemes were re corded as
Case A, Case B, Case C, Case D, and Case E, as
shown in fig. 9. Among them, Case A is a nor mal 
blade whose lead ing edge is not swept. Case B
and Case C are blades with back ward-swept
lead ing edges, whose back ward-swept an gles
are 5° and 10°, re spec tively. Case D and Case E
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Figure 7. Different trailing edge shapes

Ta ble 4. The com par i son of dif fer ent trail ing
edge shapes

Case
Power,
[MW]

To tal pres sure 
ra tio

To tal-to tal
ef fi ciency

Square TE 5.248 2.109 0.7691

CircTE TE 5.081 2.049 0.7863 

El lipse TE1 5.019 2.045 0.7891

El lipse TE2 5.132 2.059 0.7805

Fig ure 8. The rel a tive Mach num ber dis tri bu tions in 50%
blade height sec tion near the trail ing edge; (a) Square LE,
(b) Circle LE, (c) Ellipse LE1, and (d) Ellipse LE2

Figure 9. Different swept shape cases



are blades with for ward-swept lead ing edges,
whose for ward-swept an gles are 5° and 10°, re -
spec tively.

Ta ble 5 shows the ef fect of dif fer ent lead ing
edge sweep ing shapes on the per for mance of
sCO2 cen trif u gal com pres sor. The to tal pres sure
ra tio of the back ward-swept lead ing edge is a lit tle 
bit big ger than that of nor mal lead ing edge, but the 
ef fi ciency of the back ward-swept lead ing edge is
lower than that of nor mal lead ing edge. When the
back ward-swept an gle in creases, the ef fi ciency
de creases, and the ten dency of per for mance deg -
ra da tion in creases. In ad di tion, for ward-swept lead ing edge has es sen tially the same to tal pres -
sure ra tio and a lower ef fi ciency com pared with nor mal lead ing edge. When the for ward-swept
an gle in creases, the ef fi ciency de creases but the am pli tude in creases, and the ten dency of per -
for mance deg ra da tion in creases.

The static pres sure dis tri bu tions of me rid i o nal plane of dif fer ent cases are shown in
fig. 10. It can be found that the static pres sure dis tri bu tions at the in let of the chan nel are ob vi -
ously dif fer ent. Rel a tive to Case A, the low pres sure ranges of the lead ing edges of Case B and
Case C in crease, and their pres sure boost po si tions on the lead ing edges move rear ward, the
static pres sure dis tri bu tions are more uni form from the root to the top. The low pres sure ranges
of Case C and Case D are smaller than Case A, the static pres sure dis tri bu tion uni for mity be -
comes worse and the pres sure in crease po si tion moves for ward at the top of the blade.

Dif fer ent gaps be tween dif fuser and im pel ler

Based on the de sign model, var ied gaps (r3 – r2) are adopted to study the ef fect on the
per for mance of sCO2 cen trif u gal com pres sor, as shown in fig. 11.

Ta ble 6 shows the com par i son of per for mance pa ram e ters of sCO2 cen trif u gal com -
pres sor with dif fer ent gaps be tween im pel ler blades and dif fuser blades. As can be seen from the 
ta ble, when the gap is 10 mm, the pres sure ra tio reaches the max i mum, and the ef fi ciency is
high. When the gap is less than 10 mm, the pres sure ra tio and ef fi ciency de crease with the de -
crease of the gap. Com pared with gap 10 mm, al though the ef fi ciency of gap 12 mm is in creased
by 0.5%, but the pres sure ra tio is re duced by 1.3%, which shows that a larger gap does not nec es -
sar ily lead to better per for mance.
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Ta ble 5. The com par i son of dif fer ent lead ing
edge swept shapes

Case
Power,
[MW]

To tal
pres sure ra tio

To tal-to tal
ef fi ciency

Case A 5.081 2.049 0.7863 

Case B 5.071 2.052 0.7862

Case C 5.077 2.054 0.7850

Case D 5.076 2.048 0.7859

Case E 5.140 2.050 0.7799

Fig ure 10. The static pres sure dis tri bu tions of me rid i o nal plane; (a) Case A, (b) Case B, (c) Case C,
(d) Case D, and (e) Case E



Fig ure 12 shows the stream line dis tri bu -
tions of blade-to-blade plot with five dif fer ent
gaps. It can be seen that when the gap is less
than 8 mm, there is a vor tex near the trail ing
edge of the suc tion side of the dif fuser blade
caused by flow sep a ra tion. The vor tex in -
creases as the gap de creases, which greatly re -
duces the com pres sor per for mance.

On the other hand, in this pa per, Mach
num ber is less than 1, de creas ing the ra dial gap
size leads to a re duc tion in the dif fuser throat
area. Thus, it will lead to an in crease in the flow 
ve loc ity value and Much num ber at the lead ing

edge of the dif fuser. Ac cord ing to the to tal skin fric tion drag force, eq. (2), an in crease in fluid
ve loc ity leads to an in cre ment in the fric tion drag force, re sult ing in an in crease in pres sure drop. 
There fore, a larger tip-speed Mach num ber have a higher loss co ef fi cient and a lower pres sure
ra tio for the com pres sor:

F C
u

S= f
f

wetted

r 2

2
(2)

where rf is the fluid den sity, u – the fluid ve loc ity, Swet ted – the to tal sur face area that is in con tact
with the fluid, and Cf – the Schlichting em pir i cal for mula that states tur bu lent flow is driven by
the equation:

C f =
0 455

2 58

.

log(Re) .
(3)
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Ta ble 6. The com par i son of dif fer ent gaps

Case
Power,
[MW]

To tal pres sure
ra tio

To tal-to tal
ef fi ciency

4 mm 5.272 1.997 0.7533 

6 mm 5.130 2.045 0.7840 

8 mm 5.081 2.049 0.7863

10 mm 4.986 2.074 0.7864

12 mm 4.901 2.047 0.7904

Figure 11. The impeller-diffuser geometry

Fig ure 12. Stream line dis tri bu tions of B2B; (a) gap 4 mm, (b) gap 6 mm, (c) gap 8 mm,
(d) gap 10 mm, and (e) gap 12 mm



It also can be found by in creas ing the gap to 10 mm, the ef fi ciency slightly in creases
but the pres sure ra tio sig nif i cantly de creases. Be cause the space in the re gion of the dif fuser
lead ing edge in creases, lead ing to in cre ment of the mix ing of non-uni form flow. There fore, too
large ra dial gap may have a higher loss.

Con clu sions

In this pa per, based on the 1-D ther mal de sign, the de sign of SCO2 cen trif u gal com -
pres sor flow ge om e try is car ried out by a three-step de sign pro cess. The meth ods to im prove the
per for mance are dis cussed by nu mer i cal cal cu la tions. Be sides, the flow char ac ter is tics and com -
pres sor per for mance un der dif fer ent flow ge om e tries are an a lyzed, the con clu sions are as fol -
lows.
·  The loss of flow sep a ra tion caused by Cir cu lar LE is smaller than that of Square LE, while Cir -
cu lar LE will also re duce the wake loss, so that the ef fi ciency is im proved. El lipse LE will re -
duce the loss fur ther. El lipse LE makes the pres sure ra tio 10.30% higher and ef fi ciency 3.95%
higher than Square LE.
·  El lipse TE will re duce the flow sep a ra tion near the trail ing edge re gion and in crease the uni -
for mity of out let flow. The big ger el lip ti cal axis ra tio of El lipse TE will in crease the Much num -
ber of the trail ing edge which lead ing to a higher loss co ef fi cient, so El lipse TE with smaller el -
lip ti cal axis ra tio is better. The el lip ti cal trail ing edge makes the ef fi ciency at most 2% higher
than the square lead ing edge.
·  The dif fer ent lead ing edge sweep types can not sig nif i cantly im prove com pres sion ra tio, but
will re duce ef fi ciency and in crease the blade man u fac tur ing and in stal la tion dif fi culty.
·  The in crease of gap will re duce the vor tex caused by flow sep a ra tion near the trail ing edge of
im pel ler and the fric tion drag force. At the same time, it will also in crease of the mix ing of
non-uni form flow, there fore, too large ra dial gap may have a higher loss. The 10 mm gap
achieves the best per for mance in this pa per while the pres sure ra tio is in creased by 2.5% com -
pared with the orig i nal de sign and the ef fi ciency is slightly im proved.
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