
 

2 

 

stant-volume combustion, realized by classical pulsed detonation as well as with a 

shockless explosion concept. Several consequences arise when applying a pulsed 

combustion. The individual engine components have to handle the pressure fluctua-

tion resulting from the pulsed combustion. The challenges are e.g. the turbine cooling 

and the sealing against hot gas ingestion in turbine rim seals and a reliable operation 

of the compressor. The rim sealing is crucial to avoid hot gas ingestion between the 

stator and rotor in the inner machine. Otherwise, the hot gas ingestion will drastically 

reduce the lifetime of the disk and can even lead to a complete burst. In conventional 

gas turbines the rim sealing is realized by rotor-stator-cavities at the inner platform of 

the turbine vanes. The cavities are fed by secondary air which is extracted at the last 

stage of the compressor. 

In the cavities, there are highly unsteady mixing processes due to the in and out 

coming flow. This leads to a high frequency interaction of the flow with different 

temperature and pressure levels in a very small geometry. In the last years, there have 

been investigations into the rim sealing. Chew et al. [1, 2] have studied the minimal 

required mass flow for the sealing as well as the flow in the cavities. Other research-

ers focused on the mixing processes between the annulus and the cavities [3, 4]. Fur-

thermore, the relevance of the highly unsteady phenomena of the mixing processes 

has been underlined by Boudet et al. [5]. Pau et al. performed experiments at a tran-

sonic turbine stage and showed the influence of the sealing air in the annulus. Until 

now, there have been no publications about the influence of the pulsed detonation on 

the rim sealing. Therefore, there is a significant need to develop further conventional 

and innovative sealing concepts which are adapted to the influence of pulsed detona-

tion combustion. One particularity in a pulsed detonation engine is the pressure in-

crease throughout/in the combustion. As a result, the secondary air is extracted behind 

the combustion chamber which is expected to raise efficiency and decrease fuel con-

sumption. Furthermore the impact of the pressure fluctuation on the rim sealing has to 

be investigated. A detailed understanding of the interaction of the main flow and the 

secondary air is necessary. Hence, a systematic study of the new consequences rising 

from the pulsed detonation combustion is indispensable. To realize those experiments, 

a Hot-Acoustic-Test Rig (HAT) has been designed to represent conditions similar to a 

turbine. With the HAT it is possible to examine the interaction between the main and 

the secondary air flow under conditions close to those in reality. Pressures up to 10 

bar and temperatures up to 820 K can be reached in the test section. The study is part 

of the Collaborative Research Center 1029 Substantial efficiency increase in gas tur-

bines through direct use of coupled unsteady combustion and flow dynamics at Tech-

nical University of Berlin. 

At the moment the focal point within the project is to design a test section where 

the influence of the pulsed detonation combustion on the turbine rim sealing can be 

studied. However, the overall aim of the Collaborative Research Center is to extend 

the test section such that new innovative cavities, which are adapted to pulsed detona-

tion combustion, can be developed and researched. The present paper will introduce 

the test facility, the hot acoustic test, as well as the design of the test section. Further-

more, measurements of the pressure fluctuations and their influence on the turbine 

cascade in the HAT are shown.  
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2 Test Facility  

HAT is a modular test facility for the investigation of acoustic and aero-thermal phe-

nomena on liner and other thermally stressed surfaces in aero engines. This novel test 

rig is a joint facility of DLR and TU Berlin. The HAT provides the possibility of 

steady or unsteady flow conditions, with controlled high pressure and / or high tem-

perature environments. In addition, a secondary cooling air supply is installed, which 

can be used to simulate a secondary air flow. An overview of the main characteristics 

is shown in Table 1. 

 

Parameter Variable Value 

max. temperature Tmax 820 K 

max. pressure  Pmax 1100 kPa (abs) 

frequency range f 160 – 2800 Hz 

max. total mass flow rate     0.78 kg/s 

Mach number Ma 0 – 0.7 

duct diameter d 70 mm 

Table 1. Hot-Acoustic-Testrig parameters 

The air for the HAT facility is provided by two rotary screw compressors that can 

deliver a total mass flow rate of 0.78 kg/s. The air is dried (at a dew point of 276 K), 

filtered, and then delivered into a 2 m
3
 pressure reservoir at a temperature of 288 K at 

1600 kPa of pressure. After the reservoir the pressured air is divided into the main 

duct and a terminal for secondary air. With the main flow entering an electrical air 

heater, it can increase the temperature of the flow to any value between ambient and 

820 K. An overview of the facility and its main components is shown in Figure 1.  

 

Fig. 1. HAT overview  



 

4 

 

Following the air heater is a modular duct system with a 70 mm diameter. While the 

measurement section is located at the center, microphone probes and loud speakers 

are arranged up- and downstream. The thermo acoustic setup is described by 

Knobloch and Lahri et al. [6, 7].  

The liner bias flow, e.g. cooling flow and/or secondary air flow is delivered at a tem-

perature of 288K at 1600 kPa of pressure. The supply for each consumer can be set 

individually via mass flow controllers. The flow rate and pressure in the duct is con-

trolled via a pressure valve, a volume flow meter, and a nozzle at the end of the test 

duct behind the downstream anechoic termination (see also Figure 1). The pressure in 

the duct can be adjusted continuously between ambient and 1000 kPa absolute pres-

sure. Then, the resulting flow velocity in the duct is defined by the geometry of the 

nozzle and can be determined by the laws of gas dynamics. Raising the pressure in the 

duct increases the flow velocity until a critical pressure is reached. At the critical 

pressure the velocity in the nozzle equals the speed of sound Ma = 1. For pressures 

beyond the critical pressure, the velocity remains constant. 

The critical pressure in the duct p1
*
 can be calculated from the isentropic relation for 

the pressure see [7] (Lahiri et al.). 

 
  

  
   

 

   
 

 

   
 (1) 

with the index 1 denoting the quantities in the duct and 2 beyond the nozzle. The noz-

zle back pressure p2 equals the ambient pressure. As the heat-capacity-ratio has a 

value of γ = 1.4, the critical pressure can be given as p1
*
 = 191.8 kPa at p2 = 

101.325 kPa. Including the continuity equation Lahiri [7] formulates the following 

equation for the Mach number 
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This allows the plotting of the Mach number characteristics of the HAT. Figure 2 

shows the characteristics of five nozzles at diameters between Ø15mm - Ø55mm at a 

temperature of 293K (on the left) and 773K (on the right). The theoretical predictions 

based on Equations 1 and 2, displayed as lines, and the measured values, displayed as 

markers, agree very well.  

Fig. 2. Mach number characteristics at two temperatures [7]. 


























