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ABSTRACT 

This paper investigates the effects of a 1.5-stage 

transonic axial compressor with a variable tandem stator 

arrangement. The experiments were carried out at the 

transonic research compressor rig at Technical University 

of Darmstadt. The test rig represents a front stage high-

pressure compressor of jet engines. Using extensive 

instrumentation, the global performance is analyzed. 

A new designed compressor stage has been 

commissioned, including a BLISK rotor and tandem 

stator vanes with variable stagger angles. In comparison 

with a reference stage using a conventional stator design, 

the new stator design enables a higher aerodynamic stator 

vane loading. Therefore an optimized stage loading is 

pursued, leading to an increased work coefficient whilst 

retaining the operating range of the stage. The 

experimental study reveals several effects of the 

optimized compressor stage, considering both, 

performance and corresponding aerodynamics. The 

operating range with varying VIGV-VSV schedules 

differs to the reference case. At nominal tandem stator 

vane closure, stage pressure rise is increased for the whole 

operating range. Comparing the stage exit aerodynamics 

of the tandem and reference stator at design speed, distinct 

differences appear. 

In conclusion, the conducted experimental 

investigations prove potential capabilities of transonic 

compressors, enabling optimized stage loading. 

INTRODUCTION 

The steadily rising air traffic is in conflict with 

environmental issues. Thus, politically defined goals to 

reduce emissions, especially carbon dioxide and nitrogen 

oxides, are becoming increasingly important. To achieve 

these goals, an enhancement of aero engine’s efficiency is 

essential. As one of its main components, the compressor 

with its high power consumption strongly contributes to 

improve thermal efficiency of aero engines. This in turn 

is obtained by either improving the efficiency or the 

overall pressure ratio by means of a higher number of 

compressor stages or increased individual stage loading. 

For a given overall pressure ratio of a conventional loaded 

compressor a weight reduction can be realized by reduced 

blade or vane count, which results in increased blade and 

vane loading respectively. Therefore an optimized stage 

loading is a key enabler for modern compressors. 

The demand for highly loaded compressor stages 

leads to a vulnerability to flow separation. One possibility 

to reach the desired loading is the use of stator vanes in 

tandem arrangement. Thus, it is possible to enable high 

aerodynamic loading without flow separation. On the 

other hand, this allows a higher loading of the 

corresponding rotor, hence an optimized stage loading. 

 

Compressor vanes in tandem arrangement have been 

research subject for decades. Ohashi (1959) investigated 

the relative positioning of tandem vanes to each other 

experimentally and theoretically. By using a cascade test 
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setup, it was possible to examine the respective 

interference with respect to loss reduction. This was 

extended by a potential theoretical calculation method. 

Linnemann (1964) also carried out experimental 

investigations at an axial compressor with tandem vane 

rows. By systematically varying the relative tandem vane 

positioning, an optimum in pressure rise and efficiency 

was demonstrated. Linnemann showed that tandem vanes 

are beneficial and only have a slight impact on the 

stability limit of the stage. 

An analytical study of the effects in tandem stators 

was done by Sanger (1971). His study showed that the 

objective of loss reduction can be achieved by using 

tandem vanes. Wu et al. (1985) confirmed these findings 

experimentally, whereby the arrangement enabling 

maximum flow turning does not coincide with the 

arrangement enabling the minimum loss coefficient. This 

leads to the suggestion of adapting the relative single vane 

positioning depending on the respective requirements. 

The experimental and numerical investigations by 

Sachmann and Fottner (1983) pointed out that the total 

pressure loss in tandem cascades differs from each other, 

if the two vanes are considered together or taken into 

account separately. 

The potential of tandem vanes, reaching a high flow 

turning while maintaining acceptable losses, was shown 

by Weber and Steinert (1997) at a transonic cascade. 

Sakai et al. (2003) investigated the gap between both 

tandem vanes as one key feature to control the flow 

separation mechanisms. Canon and Willinger (2005) 

confirmed these findings, extended them by the 

examination of the interaction mechanisms between both 

vanes and derived an optimized positioning 

recommendation. 

Detailed investigations of tandem airfoils for 

compressor rotors were performed by McGlumphy 

(2008), but the basic findings are valid for non-rotating 

vane rows as well. Beside the already mentioned key 

aspects, he investigated the sensitivity of the axial overlap 

and pitchwise displacement of the tandem vanes at design 

and off-design conditions, performing three-dimensional 

numerical analysis. His work can be seen as a proof of 

concept regarding the potential of tandem airfoils used in 

highly loaded compressors. 

The works of Hoeger and Baier (2011) and Müller et 

al. (2011) presented an aerodynamic design for a high 

turning compressor tandem cascade and the respective 

investigations, both numerically and experimentally. The 

analysis showed a high sensitivity to varying inlet Mach 

numbers. Hence, design processes should take into 

account that a beneficial performance of the tandem vanes 

is strongly depending on their respective operating Mach 

numbers. 

A disadvantage of tandem vanes is revealed by 

Baumert (2012). The losses of the tandem vane compared 

to a single vane are only lower at high turning requests. 

Otherwise the losses of the two vanes in tandem 

arrangement exceed the losses of the single vane. 

Schneider and Kožulović (2013), Hertel et al. (2013), 

Hertel et al. (2014) and Hertel et al. (2016) carried out 

numerous investigations of a subsonic compressor 

tandem cascade, focusing on the flow breakdown 

mechanisms. They found that tandem vanes can 

outperform single vanes, but are very sensitive to varying 

incidence flow angles and Mach number variations. Thus, 

loss phenomena are hardly predictable, especially in end 

wall region. Furthermore they showed that the flow of the 

front blade is clearly influenced by incidence variation, 

whereas the rear blade is barely influenced. 

Experimental investigations at a subsonic axial 

compressor were performed by Tesch et al. (2014) with 

respect to the basic flow topology of the tandem stator. 

They proved a good performance for the tandem stator at 

varying flow conditions. 

Heinrich et al. (2015), Tiedemann et al. (2017), 

Heinrich et al. (2017) as well as Heinrich and Peitsch 

(2019) investigated the flow topology of tandem blades at 

a cascade with respect to secondary flow structures. They 

showed that the gap flow has a strong influence on the 

boundary layer of the rear blade, resulting in different 

corner vortex formation. Hence, passage blockage can be 

reduced compared to conventional single bladed stators. 

The proof of concept of using tandem vanes in a 

subsonic compressor has been provided by Hopfinger and 

Gümmer (2019). They showed the capability of 

withstanding high aerodynamic vane loading while less 

prone to varying incidence. 

As evident by this literature review, a lot of work has 

been done to derive design proposals for tandem vanes in 

compressors, analytically and experimentally as well as 

numerically. Nevertheless, no publications concerning 

tandem vanes used in rotating high-speed test 

environments are available. 

The objective of this study is the experimental 

investigation of a transonic compressor stage with high 

stage loading, using a variable stator vane in tandem 

arrangement. For a global comparison, a reference stage 

with conventional stator design is used, as already 

investigated within previous measurement campaigns, for 

example Brandstetter et al. (2018) and Jüngst (2019). 

EXPERIMENTAL SETUP 

The experimental investigations were carried out at 

the Transonic Compressor Darmstadt test rig. The test rig 

as well as the corresponding measurement section is 

depicted as a sectional view in Figure 1. The test facility 

is implemented as an open-loop cycle, whereby the air is 

sucked in from the ambient, led through a settling 

chamber to the compressor core. Subsequently, the 

compressed air is discharged to the ambient via an outlet 

diffuser. The compressor is driven by a direct current 

motor, providing an electric power of up to 800kW. With 

an interposed planetary gearbox rotational speeds of up to 

21,000 rpm are achieved. This leads to relative Mach 

numbers within rotor tip regions of about 1.4, thus 

enabling transonic conditions. 
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The compressor core has a modular design. Hence, 

corresponding components like blade and vane rows as 

well as casing inserts and the instrumentation can be 

adapted for the respective requirements. 

The investigated compressor is set up as a 1.5-stage 

configuration, consisting of a variable inlet guide vane 

(VIGV), a BLISK rotor and a variable stator vane (VSV), 

representing a high pressure compressor front stage of a 

modern jet engine. The special feature of the VSV is the 

arrangement as a tandem vane row, which allows a higher 

stator loading and consequently a higher stage loading in 

general. 

Instrumentation 

To determine the compressor’s performance, global 

operating parameters like pressure and temperature as 

well as torque have to be measured. The total pressure and 

total temperature is measured within different axial 

measurement stations throughout the compressor stage, 

e.g. stage inlet (SI) or stage exit (SE), as shown in 

Figure 1, using pitot probes and thermocouples installed 

in measurement rakes. These rakes are mounted at fixed 

circumferential positions in the compressor casing, 

enabling measurements over the radial channel height. To 

examine the rotor exit (RE) flow field, the VSV leading 

edges are also instrumented with pitot probes and 

thermocouples. Additionally static pressure taps are 

circumferentially distributed in several measurement 

stations at the hub and casing. 

By means of a torque measurement shaft, the 

rotational speed as well as the torque provided to the 

compressor is measured. 

Test Matrix 

The investigations carried out in the framework of 

this work comprise a reference stage (REF) and a newly 

designed stage, the so called optimized loading 

compressor (OLC), designed by Rolls-Royce 

Deutschland Ltd & Co KG. Both configurations are 

compared with respect to performance data for design 

speed (DS) and part speed (PS). Afterwards an 

optimization comprising VIGV and VSV angle variations 

is performed with the objective of determining the highest 

possible pressure ratio and efficiency respectively, while 

maintaining operating range similar to the REF stage. 

Table 1 summarizes the measurement content at a 

glance. As far as possible, the specified color code was 

maintained throughout the entire work. Sections deviating 

from this convention are appropriately marked. 

 

Table 1: Summary of Measurement Content 

CONFIG. 
AERO 

SPEED 
VIGV VSV 

COLOR CODE 

πt η 

REF 
DS nom -   

PS nom -   

OLC 

DS nom nom   

DS nom var   

DS var nom   

PS nom nom   

PS nom var   

PS var opt   

METHODOLOGY 

In Figure 2, the measurement and analysis procedure 

for performance determination is shown. As mentioned 

before, the total pressure and total temperature rakes 

within the stage exit station are fixed mounted to the 

casing. To achieve a representative average value for the 

respective quantities, the non-rotating vane rows, i.e. 

VIGV and VSV, are simultaneously clocked in 

circumferential direction, relative to the instrumentation. 

Thus, a two-dimensional flow field of a stator passage is 

recorded. By averaging the recorded values in 

circumferential direction for each particular channel 

height, radial profiles (1D) are derived. By area averaging 

the whole two-dimensional flow field, representative 

mean values are calculated, representing single operating 

points (0D) in the compressor map. 

All data shown within this work are referred to the 

respective values at the peak efficiency operating point 

(PE) of the REF configuration at design speed conditions. 

Otherwise, it is pointed out in the corresponding section. 

The shown VIGV and VSV angle variations are 

normalized, in order to refer the differences to the 

respective nominal angle at particular speeds to the 

1 
Figure 1: Cross Section of the Test Facility – 

Transonic Compressor Darmstadt 

Figure 2: Measurement and Analysis Procedure 
for Performance Investigations 
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adjustment range of the VIGV assembly. The only 

exception is the VSV variation at part speed. Here the 

difference to the corresponding optimum is examined. 

RESULTS AND DISCUSSION 

In the following, the results are presented and 

discussed. First, a global comparison between REF and 

OLC is given for both speed lines, whereby the settings 

for VIGV and VSV angles are equal (VIGVnom and 

VSVnom). Afterwards, the influence of VIGV and VSV 

stagger angle variation on compressor characteristics of 

the OLC configuration is generally enlighted. 

Subsequently, distinct differences concerning steady 

aerodynamics are examined, especially at design speed. 

Global Comparison – OLC vs. REF 

Figure 3 shows the compressor characteristics, i.e. 

pressure rise and efficiency, for OLC and REF at design 

speed. It is visible that the objective of the OLC 

configuration, to reach a higher pressure ratio and 

efficiency is achieved. In particular, the pressure ratio for 

OLC is higher than for the REF configuration along the 

whole speed line. Additionally, the efficiency is also 

increased compared to REF, whereby the reduced mass 

flows of the peak efficiency operating point (highlighted 

in Figure 3) matches for both configurations. At peak 

efficiency of the OLC configuration, the increase in 

pressure ratio is 8.7 % and the efficiency is increased by 

1.1 %. 

Another remarkable difference between both 

configurations is visible with respect to stall margin. The 

stability limit of OLC is already reached at higher reduced 

mass flows than for REF, given by the last stable 

operating point, representing steady near stall operating 

conditions (NS, highlighted in Figure 3). The reason for 

this effect is not analyzed in the framework of this work, 

and needs to be investigated in future analysis. 

The findings at design speed are also confirmed by 

the part speed data, shown in Figure 4. Regarding pressure 

ratio and efficiency, both quantities are increased along 

the entire part load speed line for the OLC stage compared 

to the REF configuration. Again, the reduced mass flows 

at peak efficiency operating conditions agree, whereas the 

reduced mass flows at the stability limit are higher for 

OLC than for REF, thus resulting in a smaller stall margin. 

However, the loss in stall margin is very low. Since the 

mass flow at near choke operating conditions is also 

higher for OLC than for REF, a shift in mass flow might 

be achieved by adjusting the VIGV. Thus, the stage 

operating range, especially at part speed conditions, can 

be retained. At peak efficiency, the increase in pressure 

ratio is 4.9 %, in efficiency even 4.4 %. 

From previous observations it can be concluded that 

the OLC configuration reaches a higher pressure rise for 

the whole operating range. Further investigations will aim 

at both, the contribution of the tandem stator to the higher 

pressure rise and the loss of stall margin with respect to 

the REF stage. 

Influence of VIGV-VSV Stagger Angle Variation 
on Performance 

Since the concept of the optimized stage is proved, a 

variation of VIGV and VSV stagger angle is performed 

for OLC. At first the nominal VIGV setting of the REF 

configuration is applied and kept constant while changing 

the VSV setting. Afterwards, the derived optimum VSV 

angle is kept constant while adjusting the VIGV stagger 

angle. In the following section, the influence of these 

variations on OLC performance is shown for both, design 

speed and part speed operation. 

In Figure 5, the compressor characteristics for 

different schedules at design speed are depicted. For the 

sake of clarity, only the respective minimum and 

maximum VIGV and VSV angle variations of the entire 

test scope are shown. 

As expected, the influence of VSV stagger angle 

variation is low with respect to pressure rise. There are 

only slight changes in pressure rise for choked operating 

conditions (highlight NC in Figure 5). This is attributed to 

changed throttling conditions, i.e. an increased back-

pressure due to increasing VSV stagger angle. 
Figure 3: Compressor Map at DS – OLC vs. REF 

Figure 4: Compressor Map at PS – OLC vs. REF 
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Concerning efficiency at each peak efficiency 

operating point, compared in Figure 6, the influence of 

VSV angle variation is also low, nevertheless visible. 

There is no symmetry apparent, i.e. a closed VSV has 

lower influence on efficiency than an opened VSV. From 

this it can be concluded that the VSV is more vulnerable 

to positive incidences, caused by opened VSV angles. 

This matches the findings of Schneider and Kožulović 

(2013). Their investigations show a lower susceptibility 

to positive than to negative incidences at subsonic stator 

inlet Mach numbers. This is attributed to the varying mass 

flow within the vane gap, i.e. varying momentum of the 

gap nozzle flow. Here, the maximum loss in efficiency 

(-0.4 % referred to OLCnom) is at a VSV closure 

of -6.2 %. The maximum efficiency is achieved at the 

VSV setting +1.1 %. Due to the negligible difference with 

respect to the OLCnom configuration, further 

investigations in terms of VIGV variation have been 

carried out with the nominal VSV setting. 

Regarding the influence of VIGV stagger angle 

variation (see Figure 5), the expectations are confirmed. 

A closed VIGV setting of +7.3 % leads to lower values in 

mass flow and pressure ratio, whereas a opened VIGV 

setting of -7.3 % leads to a shift in opposite direction. The 

influence of VIGV variation can be attributed to changing 

flow angles at the rotor inlet, resulting in different rotor 

and stage loading as well as different mass flow 

conditions. With regard to efficiency, the influence of 

VIGV angle variation is visible in Figure 6. A VIGV 

closure of +7.3 % results in an efficiency decrease of 

0.1 %. A VIGV closure of -7.3 % results in an efficiency 

decrease of 0.5 %. To find the exact optimum in 

efficiency, intermediate steps were performed. It is visible 

that the optimum remains at nominal VIGV closure. Take 

note that the VIGV closure of -7.3 % was tested with 

closed inlet throttle, due to the limited drive train power. 

Preliminary tests were carried out successfully to exclude 

any influence on reduced parameters. The results of these 

tests are not shown for brevity. 

In contrast to design speed, the VSV stagger angle 

variation for part speed is not negligible with respect to 

the compressor characteristics, compare Figure 7. 

With increasing VSV angle the characteristic’s slope 

is changing. It seems that there is a pivot point at a 

normalized mass flow of 0.69. At near choke conditions 

this leads to a deceasing pressure ratio with increasing 

VSV angle considering operating points of equal mass 

flows (see highlight in Figure 7). At near stall conditions, 

the opposite trend is visible. There, increasing VSV 

angles lead to an increased pressure ratio. While the mass 

flow at the stability limit is barely influenced by the VSV 

angle, the operating points representing the last points of 

each characteristic at near choke vary significantly. This 

is due to the fact that the outlet throttle is already fully 

opened and the choking point is set by VSV closure 

conditions. It can be concluded that increased VSV angles 

lead to increased throttle conditions and therefore to a 

different pressure ratio at the choking limit. 

 

Figure 5: Compressor Map for OLC at DS – 
VIGV-VSV Variation 

Figure 7: Compressor Map for OLC at PS – 
VIGV-VSV Variation 

Figure 6: Peak Efficiency Comparison at DS 
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Considering the efficiency trends due to varying VSV 

angles at the respective part speed peak efficiency 

operating points, one characteristic can be found 

representing a peak in efficiency, see Figure 8. Compared 

to the reference VIGV setting, illustrated by the red line, 

all investigated characteristics with increased VSV 

closure have an increased peak efficiency. The 

characteristic with the highest efficiency at its peak 

efficiency operating point is highlighted as a green bar. 

This characteristic, also illustrated in the compressor map 

shown in Figure 4 and Figure 7, is set as the optimized 

VSV angle setting. Therefore, the following 

investigations of VIGV angle optimization are carried out 

with this fixed VSV angle. 

As expected, the VIGV angle variation at part speed 

has the same influence on compressor characteristics as 

seen for design speed (see Figure 7). This means, that the 

mass flow and the pressure ratio are shifted to lower 

values with increasing VIGV angles respectively. Again, 

the influence of VIGV variation can be attributed to 

changing flow angles at the rotor inlet, resulting in 

different rotor and stage loading as well as different mass 

flow conditions. Considering the efficiency change due to 

varying VIGV angles, it can be seen, that the efficiency is 

increasing with decreasing VIGV angle, see Figure 8 on 

the right side. Nevertheless, the nominal VIGV angle, 

illustrated by the red line, is defined as optimized angle to 

meet the flow range of the reference stage (compare 

Figure 4). 

Steady Aerodynamics of the OLC Configuration 

Finally, steady aerodynamics, especially at peak 

efficiency and near stall operating conditions, are 

investigated in more detail. The examination of radial 

profiles at rotor and stage exit respectively as well as two-

dimensional exit flow fields at stage exit should give a 

deeper insight in the flow phenomena of both, the 

reference configuration and the optimized loading 

compressor. For brevity only design speed conditions are 

provided here. 

In Figure 9, the radial pressure distribution for REF 

and OLC is depicted. Herein the profiles at rotor and stage 

exit are compared for peak efficiency and near stall. As 

seen before, it is clearly visible that the OLC 

configuration reaches a higher pressure ratio for the entire 

operating range. This applies to both, the rotor and the 

entire stage. At peak efficiency both configurations show 

a relatively constant pressure profile at the rotor exit, 

whereby a slight decrease in the tip gap region can be 

recognized for OLC (marker A). In order to derive the 

corresponding aerodynamics of this deficit, further 

investigations are needed, for example five-hole probe 

measurements. Regarding the pressure distribution at the 

stage exit, the expected total pressure loss across the stator 

is visible, especially in the hub region where a hub flow 

separation is located (marker B1). This finding is 

confirmed by the exit flow field which is shown in 

Figure 12. 

At near stall (see Figure 9, right) the aforementioned 

hub flow separation is more pronounced due to the 

changed throttling conditions, representing a higher back-

pressure. It seems that the separation area for OLC is 

smaller than for REF (markers B2 and B3), which is 

confirmed by the exit flow field in Figure 12. The radial 

profile for REF shows a constant pressure distribution in 

the upper half of the flow channel, whereas a slight 

increase in the range of 30-40 % channel height can be 

found for OLC (marker C). This finding is also confirmed 

by Figure 12. Another conspicuity is visible near the 

casing end wall (marker D). Both configurations show a 

distinct pressure peak near the outer annulus at the rotor 

exit. The stator seems to have larger losses in this area, 

leading to a pressure profile at stage exit where this 

pressure peak is smoothed. Again, five-hole probe 

measurements have to be analyzed to give further insight 

into these phenomena. 

Figure 8: Peak Efficiency Comparison at PS 

Figure 9: Radial Pressure Distribution at DS – 
OLC vs. REF 
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Next, the influence of the VSV variation on pressure 

rise is investigated, shown in Figure 10. As mentioned 

before, the VSV variation barely influences the pressure 

rise of the OLC configuration. Especially at peak 

efficiency operating conditions, the pressure profiles are 

almost equal. There are only slight differences visible in 

the hub region at 20 % channel height (marker E), but 

solely at the stage exit. The pressure rise provided by the 

rotor remains unaffected by the VSV variation at design 

speed. Considering the pressure profiles at near stall, also 

no changes in the rotor exit section are detectable. In the 

stage exit, some changes with respect to the nominal OLC 

configuration are visible. An opened VSV angle of -6.2 % 

leads to a slightly decreased pressure rise across the entire 

channel height. In contrast, at a closed VSV angle of 

+4.7 % the upper channel section remains unaffected, 

whereas an increased pressure rise in the lower 40 % 

channel height can be seen (marker F). The changes in 

pressure rise can be attributed to the changed flow angles 

at the VSV inlet due to the VSV adjustment. Thus, 

changed incidence conditions causing modified VSV 

loading and as a result changed total pressure loss 

behavior. 

Now, the influence of the VIGV angle variation is 

examined and shown in Figure 11. For the sake of clarity, 

only rotor exit profiles are illustrated in this figure, 

because no influence on stage exit can be detected. As 

previously seen, the expected shift in pressure rise is 

confirmed, especially for peak efficiency (marker G). 

Increasing VIGV angles lead to increased pre-swirl, 

resulting in a decreased rotor loading. Therefore, the 

pressure distribution remains nearly the same and is only 

shifted to lower values. Considering a VIGV closure of 

±7.3 % with respect to the nominal schedule (OLCnom), 

it can be seen that the shift in the respective opposite 

direction is not symmetrical. As a result, it can be 

concluded that the investigated rotor might be more 

sensitive to closed VIGV angles than to opened angles. 

Regarding the pressure profiles for near stall, the 

same trends are visible, but not as uniform as for peak 

efficiency. In the upper 50 % channel height, changes due 

to a VIGV angle variation with respect to the nominal 

VIGV schedule are low with a minimum change at 50 % 

channel height (marker H). In the lower channel section, 

the influence of VIGV angle variation is more clearly, 

resulting in variations of more than 2 % (marker J). 

Some distinct differences considering the two-

dimensional flow fields at stage exit are elaborated. In 

Figure 12, the respective pressure fields for OLC and REF 

are shown at peak efficiency and near stall respectively. 

The total pressure ratio of the stage is referred to each area 

averaged mean total pressure value. The scale limits are 

set to equal values, hence differences between both 

configurations become visible, taking into account that 

the OLC configuration achieves a higher total pressure in 

general. 

Regarding the exit flow fields at peak efficiency, the 

tandem arrangement of the OLC stator is visible by two 

clearly separated wakes, represented by prominent total 

pressure loss areas (marker K). For the REF configuration 

only one wake is visible instead. The aforementioned hub 

flow separation is also visible for both configurations, but 

slightly smaller for OLC (marker B1). A possible reason 

might be the changed pitch of the OLC stator. The tandem 

vanes allow a reduction of the total stator vane count 

which leads to a wider flow passage. At near stall, the 

same findings can be achieved. However, the two wakes 

of the tandem VSV are not as clearly separated as before. 

A possible explanation might be the aerodynamically 

higher loaded vane profiles and boundary layers, which as 

Figure 10: Radial Pressure Distribution at DS – 
VSV Variation 

Figure 11: Radial Pressure Distribution at DS – 
VIGV Variation 
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a consequence leads to more pronounced wakes, thus to a 

stronger mixing with the second wake. This result 

matches with the investigations of Tesch et al. (2014), 

pointing out that pressure loss areas within the stage exit 

flow field vary in location, size and magnitude. 

Additionally, the hub flow separation at near stall is more 

prominent, which is due to the increased back-pressure. 

Again, the pressure loss area for OLC is less pronounced 

in circumferential direction considering the pitch 

(markers B2 and B3). 

SUMMARY AND CONCLUSION 

Within this work a 1.5-stage transonic axial 

compressor with a VSV in tandem arrangement was 

investigated. Due to the tandem VSV, an optimized 

loading of the stage (OLC) can be achieved. As reference 

configuration a transonic compressor stage with a 

conventional stator design (REF) is used. 

The conducted investigation verifies the target of 

achieving an optimized loading with a stator in tandem 

arrangement. At design speed peak efficiency, OLC 

reaches a higher pressure ratio of 8.7 % while the 

efficiency is also increased by 1.1 % compared to the REF 

configuration. The optimization process regarding VIGV 

and VSV stagger angle variation leads to an optimized 

schedule especially for part speed conditions. Hence, an 

increase in pressure ratio and efficiency of up to 5.1 % and 

5.8 % respectively can be achieved at the peak efficiency 

operating point for part speed. Additionally, the 

preservation of the stage operating range, especially at 

part speed conditions, can be stated. 

All in all, the application of tandem stators in 

transonic axial compressors seems very promising, 

tackling future challenges in aero engine’s compressor 

designs, enabling high loading. Even though, further 

investigations have to be carried out to provide deeper 

insights in the tandem behaviour and its stage interaction. 

Especially measurements with five-hole probes are 

recommended, in order to examine the flow field of the 

tandem stator in more detail. Also, investigations at the 

stability limit, considering whether the aeroelastic 

behaviour and stall inception mechanisms of the rotor are 

influenced by the tandem stator, should follow in future 

work. Additionally, the loss in stall margin, compared to 

the REF stage, has to be examined in more detail. 
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NOMENCLATURE 

Symbols and Indices 

h   Channel height 

ṁ   Mass flow 

 η   Efficiency 

 π   Pressure ratio 

□mean  Mean value (area averaged) 

□red  Reduced quantity 

□rel   Relative quantity 

□t   Total quantity 

 

Abbreviations 

DS   Design speed 

nom  Nominal configuration 

NC   Near choke 

NS   Near stall 

OLC  Optimized loading compressor 

opt   Optimized configuration 

PE   Peak efficiency 

PS   Part speed 

RE   Rotor exit 

REF  Reference compressor 

SE   Stage exit 

SI   Stage inlet  

var   Variation 

VIGV  Variable inlet guide vane 

VSV  Variable stator vane 

Figure 12: Exit Flow Fields at DS – OLC vs. REF 
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