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Abstract Heat transfer and vacuum in condenser are

influenced by the aerodynamic performance of steam tur-

bine exhaust hood. The current research on exhaust hood is

mainly focused on analyzing flow loss and optimal design

of its structure without consideration of the wet steam

condensing flow and the exhaust hood coupled with the

front and rear parts. To better understand the aerodynamic

performance influenced by the tilt angle of flow guide

inside a diffuser, taking a 600 MW steam turbine as an

example, a numerical simulator CFX is adopted to solve

compressible three-dimensional (3D) Reynolds time-aver-

aged N-S equations and standard k-e turbulence model.

And the exhaust hood flow field influenced by different tilt

angles of flow guide is investigated with consideration of

the wet steam condensing flow and the exhaust hood

coupled with the last stage blades and the condenser throat.

The result shows that the total pressure loss coefficient and

the static pressure recovery coefficient of exhaust hood

change regularly and monotonously with the gradual

increase of tilt angle of flow guide. When the tilt angle of

flow guide is within the range of 30� to 40�, the static

pressure recovery coefficient is in the range of 15.27% to

17.03% and the total pressure loss coefficient drops to

approximately 51%, the aerodynamic performance of

exhaust hood is significantly improved. And the effective

enthalpy drop in steam turbine increases by 0.228% to

0.274%. It is feasible to obtain a reasonable title angle of

flow guide by the method of coupling the last stage and the

condenser throat to exhaust hood in combination of the wet

steam model, which provides a practical guidance to flow

guide transformation and optimal design in exhaust hood.

Keywords Steam turbine � Exhaust hood � Last stage
blades � Tilt angle of flow guide � Aerodynamic

performance

1 Introduction

Exhaust hood connected with the last stage blades and the

condenser throat is a main part of steam turbine which

guides exhaust steam and improves the aerodynamic per-

formance. The diffuser in the exhaust hood which consists

of a guiding cone and a flow guide can accelerate the

conversion of the leaving-velocity kinetic energy of

exhaust steam into pressure energy because of the expan-

sion effect on its passage section and accomplishes the

process of static pressure recovery in exhaust hood.

Therefore, the diffuser is the main factor affecting the

aerodynamic performance of exhaust hood. The aerody-

namic performance can be improved through the structure

optimization design of the diffuser [1].

For many years, research on flow in steam turbine

exhaust hood is mainly by scale-model experiment

approach and numerical simulation. In general, the real

flow in exhaust hood cannot be fully reflected by the scale-

model experiment while a more detailed flow field data can

be obtained by numerical simulation which is widely used

in many fields, such as the optimal design of centrifugal

compressor or turbine stage [2, 3]. By comparatively study
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the results of scale-model experiment and numerical sim-

ulation for exhaust hood, it is found that numerical simu-

lation results are more accurate and reliable [4, 5]. To

thoroughly understand the influence mechanism of the

diffuser on the aerodynamic performance of the exhaust

hood flow field, different methods are used to analyze the

optimal design of the diffuser. CAO, et al [6], numerically

simulated the real flow condition in exhaust hood at dif-

ferent inlet wetness, angle, and swirl strength. They found

that the static pressure recovery coefficient and the total

pressure loss coefficient of exhaust hood regularly changed

at different inlet conditions. Furthermore, the results of the

numerical simulation using 3D computational fluid

dynamics (CFD) needed to be validated. ZHANG, et al [7],

ZHOU, et al [8], and LIU, et al [9], comparatively studied

the results of scale-model experiment and numerical sim-

ulation for exhaust hood computational model coupled

with the last stage. The results showed the static pressure

recovery of exhaust hood achieved mainly by the diffuser,

and the swirl flow in exhaust hood was a main factor in

decreasing the ability of static pressure recovery. BUR-

TON, et al [10], and KREITMEIER, et al [11], summarized

the research on the effects of diffuser structure on the

aerodynamic performance of steam turbine exhaust hood.

They emphasized that the main factors affecting the dif-

fuser performance were the swirl flow of the last stage and

the blade tip leakage flow. In order to study the perfor-

mance of the diffuser, the methods of numerical calculation

and optimal design to modify diffuser in exhaust hood were

adopted by MIZUMI and ISHIBASHI [12]. Their research

showed that the diffuser was an important component

affecting the ability of static pressure recovery in exhaust

hood. By parameterization of the diffuser in exhaust hood,

VERSTRAETE, et al 13], WANG, et al [14], and CHEN,

et al [15], used numerical simulation to analyze the aero-

dynamic performance of the exhaust hood after optimiza-

tion. YOON, et al [16], MUSCH, et al [17], and BURTON,

et al [18], proposed a steam separation zone near the flow

guide that depended on the flow guide structure and the

blade tip leakage flow of the last stage. In addition, they

found that the steam separation was suppressed and the

static pressure recovery was improved by the optimal

design of flow guide structure. KREITMEIER, et al [11],

and FAN, et al [19], showed that the reasonable tilt angle of

flow guide could reduce the flow separation inside the

diffuser. Although the static pressure recovery of the dif-

fuser was promoted by the tilt angle, the researchers didn’t

provide the tilt angle range for the flow guide to improve

the aerodynamic performance of the diffuser.

The results above show that one of the most important

factors in deciding the aerodynamic performance of the

diffuser is the last stage flow field. Therefore, the present

study aims to determine the influence of flow guide tilt

angle on the exhaust hood flow field in the diffuser. CFX

14.0 computational software platform is used to numeri-

cally simulate the flow field of exhaust hood considering

the effect of the last stage flow field in a 600 MW steam

turbine made in China. The aerodynamic performance

generated by six different tilt angles of flow guide is dis-

cussed in detail, and the performance indices of exhaust

hood are evaluated quantitatively to obtain a reasonable tilt

angle range a of flow guide. In addition, the wet steam

condensing flow and the condenser throat flow field are

considered in the process of numerical simulation. The

research results of the paper offer a reference for the

optimization design and performance study of the diffuser.

2 Numerical Simulation Method

2.1 Computational Model and Mesh

The structure diagram of the typical low pressure (LP)

exhaust hood in a 600 MW supercritical steam turbine is

shown in Fig. 1. The last stage exhaust steam firstly flows

through the diffuser consisting of a flow guide and a guiding

cone. The diffuser has a guiding flow function, thus, the flow

is turned to 90� from the axial direction to the radial direc-

tion. Then the exhaust steam flows in the downstream con-

denser through the condenser throat. Both the exhaust hood

and the condenser throat constitute the LP exhaust passage.

Therefore, the computational domain in this study mainly

considers the last stage blades, LP exhaust hood, condenser

throat, and LP heater. The simplified schematic diagram of

exhaust hood is shown in Fig. 2, and the 3D computational

model for the exhaust passage is shown in Fig. 3. The geo-

metric parameters of the exhaust passage in the calculated

domain are provided in Table 1. Clockwise along the z axis

Fig. 1 Schematic diagram of the typical LP exhaust hood in a 600

MW steam turbine
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of the Cartesian coordinate system, curves (1, 2, 3, and 4) are

selected from the flow guide wall for the back analysis, as

shown in Fig. 2.

Using ICEM CFD 14.0 software, the computational

domain in the exhaust passage is divided into unstructured

tetrahedral mesh. A total of 52 pieces of stator blade and 80

pieces of rotor blade are divided into structured mesh by

TurboGrid 14.0 software, as shown in Fig. 4. The HOH-type

grids are used for the stator and rotor blades domain. By

contrast, the orthogonal H-type grids are utilized for the blade

inlet domain, blade outlet domain and blade tip clearance. The

meshes are compressed next to the solid wall so as to achieve

y? value of 1 at the rotor domain and of 5 at the stator domain.

To ensure the calculation accuracy, a study of grid indepen-

dence is conducted, and it shows that the grid numbers in

computational domain for the exhaust passage, stator blade,

and rotor blade of the last stage are approximately 2.5million,

2.7 million, and 4 million, respectively.

2.2 Numerical Method

Using the commercial CFD simulator CFX 14.0, the 3D

compressible steady-state Reynolds time-averaged N-S

equations are solved by finite volume method. A solution

method of SIMPLE algorithm based on pressure-velocity

coupling is used. The standard k-e turbulence model

combining with the scalable wall function is adopted. For

the advection term, a high resolution scheme is applied to

spatial discrete. The equations are converged when the

residual absolute criteria value is less than 1e-5 in the

present analysis. The interfaces, including that between the

stator cascade and rotor cascade and that between the rotor

cascade and exhaust hood, adopt frozen-rotor model. The

working fluid is wet steam selected steam3vl model in the

IAPWS-IF97 library, which can reflect the wet steam two-

phase condensing flow. The steam parameters are taken

from the steam turbine heat acceptance (THA) operation

condition. The inlet mass flow rate, total temperature, and

steam wetness are set at 67.783 kg/s, 335.05 K, and 0.055,

respectively, for the inlet of the last stage, which is the

boundary condition of mass flow inlet. The average static

pressure at the condenser throat outlet, which is the pres-

sure-outlet boundary condition, is fixed at 4900 Pa.

To evaluate quantitatively the aerodynamic performance

of the LP exhaust passage flow field at different tilt angles

of flow guide, the parameter values of average velocity andFig. 2 Simplified model of exhaust hood

Fig. 3 Computational model of exhaust passage

Fig. 4 Computational mesh of a last stage blades passage

Table 1 Geometry structure of computational domain

Domain Geometric structure parameters

Last stage blade Tip clearance d/m 0.011 2

Rotor-blade height H1/m 1.029

Exhaust hood Height H2/m 6.065

Area of outlet section A1/m
2 3.74096.580

Condenser throat Height H3/m 5.580

Radius of heater D/m 1.040

Area of outlet section A2/m
2 3.740910.550
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pressure are adopted for the calculation [20]. The averaging

process is described as follows:

p ¼
R
piqividAR
qividA

;Vm ¼
R
viqidAR
vidA

;Va ¼
R
vidAR
dA

; ð1Þ

where p and Vm represent respectively the mass-weighted

average pressure and velocity, Va is the area-weighted

average velocity, pi, qi and vi represent respectively the i-th

elemental area of pressure, density, and velocity, and dA is

the local incremental area.

3 Results and Discussion

3.1 Flow Field Analysis—Exhaust Passage

The diffuser located at the inlet section of exhaust hood

acts as the role of guiding flow, increasing pressure and

decreasing flow loss. The aerodynamic performance in

exhaust passage is directly influenced by the diffuser

structure and the flow condition of exhaust hood inlet. The

flow loss in exhaust passage changes with different tilt

angles of flow guide. Therefore, the following is a detailed

analysis of the exhaust passage flow field at 35� tilt angle.
The velocity vector diagram is presented in Fig. 5,

which shows that the inlet velocity vector of exhaust hood

is affected by the last stage and the blade tip clearance.

As shown in Fig. 5, the velocity magnitude at the

exhaust hood inlet is not evenly distributed, whereas the

middle-low part of the rotor blade clearly presents a higher

velocity vector. A small amount of the exhaust steam forms

a leakage flow as flowing through the blade tip clearance

because it remains in the velocity tangential component at

the stator blade outlet. Most of the exhaust steam expands

through the rotor blade to do work and the outlet steam

angle changes. The direction of velocity vector of leakage

flow is opposite with that of the rotor blade outlet. So, the

exhaust steam flow into the diffuser at different speeds.

For a more intuitive display of steam velocity distribu-

tion at the exhaust hood inlet, the circumference of 90�, 0�,
–90�, and 180� along the blade height are used to select

four auxiliary lines. The velocity distribution of the cor-

responding location is presented in Fig. 6.

Fig. 6 shows that the difference of velocity along the

circumferential distribution of four lines is small, and the

velocity at the rotor blade outlet is within the range of 100

m/s to 200 m/s. The velocity rises gently along the blade

height direction from the hub to 45% blade height, whereas

the velocity gradually reduces from the maximum to the

minimum value on the blade height within the range of

45% to 80%. Then, the velocity shows a dramatic increase

from 80% blade height to the tip. The velocity of the last

stage outlet along the blade height presents the ‘‘m’’ type of
change because of the gravity and the centrifugal force of

the blade resulting in the large mass flow in the lower part

of the blade. At 45% blade height, the steam separates

centrifugally and flows to the blade tip. The result shows a

rapid increase of mass flow from 80% blade height to the

tip. This phenomenon is caused by two reasons. Firstly, it is

the result of flow design which has various cross-sections at

the last twisted blade. Secondly, it is affected by mass flow

distribution caused by high speed rotation of the blade. The

velocity of the blade tip leakage distribution is within the

range of 165 m/s to 190 m/s. Due to the small blade tip

clearance, this portion of the mass flow goes directly into

the exhaust hood in the form of jet flow.

The 3D velocity streamline at a certain moment in the

exhaust passage is shown in Fig. 7. Evidently, the steam

presents a complex 3D swirl flow in the exhaust passage.

With the direction of steam changes from axial to radial

direction, it first flows through the diffuser, and then flows

Fig. 5 Velocity vector at exhaust hood inlet section (m • s-1) Fig. 6 Velocity curve along each blade height direction
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into downstream passage. A portion of steam directly

impinges the wall making the velocity high. And, another

portion of the steam changes the direction at the axial and

radial velocity component because the steam swirls and

collides with each other, thereby resulting in high flow

loss and low-velocity vortex. When the steam flows along

the upper half of the diffuser to the top region in exhaust

hood, it easily forms vortex because the exhaust hood on

the top is closed and the space is narrow, as shown in

detail in Fig. 8. The vortex on the top of the exhaust hood

flows respectively along the positive and negative direc-

tions of the y axial to downstream and forms two obvious

vortices (Vortex 1 and Vortex 2) at the horizontal middle

plane of exhaust hood. The two vortices induce mutually

convection in the downstream passage, which affect the

flow loss, the aerodynamic performance of exhaust pas-

sage and the flow field of the condenser throat outlet. The

rollover effect of steam at the top of exhaust hood changes

with the change of the tilt angle. Therefore, the aerody-

namic performance in the exhaust passage can be

improved.

Fig. 9 shows the result of static pressure distribution at

the flow guide intra-wall. The pressure is the lowest at the

entrance section of the diffuser and then gradually increa-

ses with the steam flowing in flow guide which plays the

role of the static pressure recovery. As steam flows through

the diffuser along the axial direction, a noticeable flow

separation or flow loss close to the flow guide wall does not

occur because of the blade tip leakage flow, which results

in a low static pressure value. To a certain extent, the blade

tip leakage flow improves the aerodynamic performance of

the diffuser. Fig. 9 shows that the static pressure value in

the lower half of the flow guide is uniformly distributed,

whereas the static pressure value in the upper half is high in

a large area because the flow velocity decreases and the

static pressure increases with the steam in the diffuser

flowing from the axial to the radial direction. At the same

time, the steam in the lower half of the diffuser directly

flows into the downstream passage, and it has a low

resistance to flow. However, the steam in the upper half of

the diffuser has insufficient space to achieve pressure

increase because the top of exhaust hood flow space

becomes smaller. Meanwhile, the steam collides with each

other or with the wall, resulting in the increase of flow

resistance. As a result, the upper half of the flow guide wall

appears high pressure value. When the tilt angle of flow

guide is changed, the velocity decrease and pressure

increase in the diffuser can also be achieved.

The outlet velocity distribution at the exhaust hood and

the condenser throat is presented in Fig. 10(a) and

Fig. 10(b). The high velocity region appears near the wall

and two major low velocity regions appear in the middle

section because of the swirl flow of the upstream steam.

The low velocity zone of the condenser throat outlet is

larger than that of the exhaust hood outlet. The highest

value of velocity decreases from 160 m/s at the exhaust

hood outlet to 120 m/s at the throat outlet, which indicatesFig. 7 3D streamlines (m�s-1)

Fig. 8 2D streamlines

Fig. 9 Static pressure contours at the wall of flow guide (Pa)
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that the kinetic energy of the two swirling is converted into

pressure energy with the flow downstream.

The aerodynamic performance of exhaust hood directly

affects the uniformity distribution of the downstream flow

field. Therefore, velocity uniformity distribution can fur-

ther reflect the impact caused by the two vortices. Table 2

shows that the uniformity coefficient of the velocity field is

reduced from 74.003% to 65.896% with the steam flows

downstream from the exhaust hood outlet to the condenser

throat outlet. Through improving the flow field distribution

of low velocity zone and the high velocity zone, the

velocity distribution can be more uniform, which directly

affects the security of condenser.

3.2 Flow Field Analysis—Tilt Angle of Flow Guide

Under the condition of the flow guide length unchanged,

the flow space in the diffuser changes with the change of

tilt angle of the flow guide, which causes different abilities

of static pressure recovery. To better analyze the impact of

the tilt angle on the aerodynamic performance, the exhaust

passage is numerically simulated at tilt angles of 15�, 20�,
25�, 30�, 35�, and 40�.

A typical static pressure distribution contour on the

meridian plane is shown in Fig. 11 at different tilt angles.

As shown in Fig. 11, the static pressure obviously

increases at the last stage outlet along the flow direction.

And the static pressure rapidly declines to the range of 4

800 Pa to 5 200 Pa at the top of exhaust hood, which is

close to 4 900 Pa given to a value at the condenser throat

outlet. But the static pressure increases in the lower part

of exhaust hood.

A comparison of Fig. 11 shows that with the increase

of a, the static pressure value increases in the range of 5

100 Pa to 6 200 Pa and the pressure distribution in the

diffuser becomes uniform. The effect scope of the vortex

at the top of exhaust hood becomes small. The process of

velocity decrease and the pressure increase in the dif-

fuser can be improved with the change of the tilt angle of

flow guide.

The static pressure recovery ability and the aerodynamic

performance in the diffuser are reflected by the static

pressure distribution on inner sidewall of the flow guide.

Fig. 12 shows the static pressure distribution on the inner

sidewall of flow guide along the defined curves (Curves 1

to 4). With the steam flowing in the diffuser, the static

pressure recovery degree is different at the four curves

along the flow guide circumferential distribution. There-

fore, the diffuser is the transition stage of the steam flowing

into the LP exhaust passage. In addition, the steam in the

diffuser has different degree inflation to make different

static pressure distributions on the flow guide wall. A

comparison of Fig. 12 shows that the static pressure values

at the end of Curves 1 to 4 are higher than those in the

beginning, which means that the diffuser plays a role of

static pressure recovery. With an increase in the tilt angle

of flow guide, the static pressure value at the beginning of

curves gradually reduces, and the static pressure value

drops under 4 100 Pa at a= 30�, 35�, and 40�, reaching to a

lower exhaust pressure at the last stage outlet relative to

that at a=15�, 20� and 25�. Along the flow direction, the

static pressure values gradually increase to a peak at the

beginning of curves to 20% normalized length because the

velocity of steam decreases and the specific volume

increases at the initial segment of the diffuser. Moreover,

the flow guide restricts the radial expansion of the steam.

At 20% length to the end of the curves, the static pressure

slowly decreases and tends to be stable because the flow

guide plays a transitional role with the steam turning from

the axial direction to the radial direction. Therefore, the

degree of static pressure recovery in the diffuser is small,

which reduces flow loss of the steam in that region to a

certain extent. As a result, a reasonable tilt angle of flow

guide can achieve a better conversion of the leaving-ve-

locity kinetic energy into pressure energy.

To quantitatively evaluate the impact of the tilt angle

change on aerodynamic performance of the exhaust

passage and to determine a reasonable range of the tilt

angle, three indices for performance evaluation are

introduced, namely, the velocity uniformity coefficient

of condenser throat outlet (k), the total pressure loss

coefficient of exhaust hood (CT), and the static pressure

recovery coefficient of exhaust hood (CS). Additionally,

the lager k value is, the more uniform the outlet velocity

distributes. The smaller CT value is, the smaller flow

pressure loss is. The higher CS value is, the more

leaving-velocity kinetic energy convert into pressure

energy in exhaust hood.Fig. 10 Velocity distribution map at each outlet section (m • s-1)
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Three indices are defined as follows:

k¼ 1� jVm;out � Va;outj
Vm;out

� �

� 100% ¼ Va;out

Vm;out
� 100%; ð2Þ

CT ¼ ðpT;inlet � pT;outletÞ/ðpT;inlet � pS;inletÞ; ð3Þ

CS ¼ ðpS;outlet � pS;inletÞ/ðpT;inlet � pS;inletÞ; ð4Þ

where Vm;out and Va;out represent respectively the mass-

weighted average velocity and area-weighted average

velocity at condenser throat outlet, pS;inlet and pT;inlet
represent respectively the static pressure and total pres-

sure at exhaust hood inlet, pS;outlet and pT;outlet are the

static pressure and total pressure at exhaust hood outlet,

respectively.

Fig. 13 and Fig. 14 show the change of the performance

evaluation indices of exhaust hood at different tilt angles of

flow guide. Fig. 13 shows that k have no obvious change

with increasing of the tilt angles, illustrating the minimal

effect of the tilt angle on the velocity field at the condenser

throat outlet. On the contrary, the CT decreases from the

peak value of 79.12% to a minimum value of 50.67%,

appearing to be substantial fluctuations. When the tilt angle

lies within the range of 15� to 35� and 35� to 40�, the CT

monotonically decreases and increases, respectively. When

the tilt angle of flow guide is within the range of 30� to 40�,
the total pressure loss of exhaust hood is relatively low.

Fig. 14 shows that with the increase of the tilt angle, the

CShave a trend of monotone increase to monotone

decrease. Under the condition of a=15�-20�, CSis a neg-

ative value, suggesting that the exhaust hood does not play

a role of recovering pressure but accelerates the flow loss.

However, when a=20�-40�, CSis a positive value because

the leaving-velocity kinetic energy is converted into pres-

sure energy in exhaust hood. When a is 35�, CSvalue is the

peak of 0.17. According to Fig. 13 and Fig. 14, when the

tilt angle of flow guide is less than 15� or more than 40�, it
is predicted that the flow space between the flow guide and

the guide cone increases or decreases, respectively, which

slows down the aerodynamic performance of exhaust hood.

As a result, the static pressure recovery ability of exhaust

hood can be improved with reasonable tilt angles of flow

guide.

Therefore, there is an optimum tilt angle at 30� to 40�
range which will improve the aerodynamic performance of

the diffuser and reduce the pressure loss generated by

steam of the last stage outlet. Moreover, the static pressure

recovery coefficient of exhaust hood is relatively high. It

has a guiding significance to the optimized design of the

diffuser and its performance study.

Fig. 11 Static pressure contours on meridian plane of exhaust hood

at different tilt angles (Pa)

Table 2 Uniformity coefficient of outlet velocity field

Computational results Exhaust

hood outlet

Condenser

throat outlet

Mass-weighted velocity Va/(m • s-1) 83.441 55.355

Area-weighted velocity Vm/(m • s-1) 112.753 84.003

Uniformity coefficient k/% 74.003 65.896
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3.3 Validation

To evaluate indices CT and CS, and to confirm the relia-

bility of the tilt angle range of flow guide, the effective

enthalpy drop that reflects an economy of steam turbine is

introduced to verify the indices [21]. According to the

proposal by SHEN [22], if 15.6 kJ/kg of the leaving-ve-

locity kinetic energy of the last stage is used to increase the

static pressure for the 600 MW steam turbine, the effective

enthalpy drop increases by about 1%, which is expressed as

Dh ¼ 1

2
V2
m;inlet �

1

2
V2
m;out

� �

� 10�3; ð5Þ

where Dh represents the kinetic energy loss in exhaust

passage, Vm;inlet is the mass-weighted average velocity at

exhaust hood inlet.

The kinetic energy loss is converted into pressure drop,

which can be written as

Dp ¼ 1

2
qinletV

2
m;inlet �

1

2
qoutV

2
m;out; ð6Þ

Fig. 12 Static pressure variations on inner sidewall axial direction curves of flow guide
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whereqinlet andqout are theweighted average density at exhaust
hood inlet and at condenser throat outlet, respectively.

The increment of mass-weighted average static pressure

in the exhaust passage is

DpS ¼ pS;out � pS;inlet; ð7Þ

where pS;out is the static pressure at condenser throat outlet.

Then, the available kinetic energy hr used for increasing

the static pressure of exhaust hood can easily be computed

by the following formula:

hr ¼
DpS
Dp

� Dh: ð8Þ

According to Eq. (8), Dg, which is the increment of the

effective enthalpy drop can be defined as

Dg ¼ ðhr/15:6Þ � 1%: ð9Þ

Fig. 15 shows the relation curve between the different tilt

angles of flow guide and the effective enthalpy drop of steam

turbine at THA operation condition. It can be seen from

Fig. 15 that the increment of the effective enthalpy drop

presents a monotonically increasing trend (a is between 15�
and 35�) and monotonically decreasing trend (a is between

35� and 40�). Moreover, when a is in the range of 15� to 20�,
Dg is a negative value caused by an unreasonable tilt angle of
flow guide that reduces the economy of steam turbine.When

a is at the 30� to 40� range, the value of Dg is in the range of
0.228% to 0.274% which is higher than those of other tilt

angle range. And this range of 30� to 40� is identical with the
analysis ofCT andCS respectively in Fig. 13 and Fig. 14. So

it is reasonable and feasible that the evaluation indices of

exhaust hood are used to determine the optimum tilt angle

range for the best aerodynamic performance of the diffuser.

Moreover, the flow guide can disassemble and assemble

easily for transformation.

4 Conclusions

(1) The blade tip leakage flow has high velocity and its

swirling direction is opposite to the steam direction

of the last stage outlet, which has a significant

impact on the aerodynamic performance of exhaust

hood. The static pressure on the upper half wall of

flow guide is higher than that on the lower half wall.

The static pressure recovery on the upper half of the

diffuser is better than that on the lower half.

(2) With the increase of the tilt angle, the total pressure

loss coefficient has a decreasing-increasing tendency,

and the static pressure recovery coefficient presents an

increasing-decreasing tendency. However, the veloc-

ity uniformity coefficient changes slightly.

(3) When the tilt angle of flow guide is in the range of

30� to 40�, the static pressure recovery coefficient

Fig. 13 Performance indices of exhaust hood

Fig. 14 Static pressure recovery coefficient of exhaust hood

Fig. 15 Increment of steam turbine effective enthalpy drop at

different tilt angles

874 L. Cao et al.

123



and the total pressure loss coefficient of exhaust

hood are within the range of 15.27% to 17.03% and

50.67% to 51.47%, respectively. Correspondingly,

the increment of the effective enthalpy drop in steam

turbine is within the range of 0.228% to 0.274%.

Therefore, the optimum tilt angle lies in the range of

30� to 40� should be used for the structure design

and the transformation of flow guide in a 600 MW

steam turbine.
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