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DESCRIPTION OF A TEST STAND AND MEASUREMENT 

EQUIPMENT FOR LABYRINTH SEAL TESTING 

The paper presents a test stand for testing segments of single sided and double-sided 

labyrinth seals. The geometry of the test stand has been designed and constructed by the 

authors of the paper. The elements and the design of the test stand allow investigations of 

the seal for a variety of initial pressures with the measurement of the mass flow in the inlet 

and outlet channels. The design of the test stand enables testing seal segments with a turbu-

lent flow. The geometry of the mating pairs of single and double-sided seals allows a mea-

surement of the pressure in selected chambers of the seal chambers.  
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1. INTRODUCTION 

The test stand presented in the paper serves the purpose of investigating the be-

havior of a seal segment with a turbulent flow under laboratory conditions.  Thus far, 

in literature [Timpton 1985, Witting 1987, Anker  2002, Gamal 2007, Vakili 2015, 

Joachimiak 2013, Li 2013, Hu 2014] no information has been provided on the testing 

of segments of labyrinth seals composed of several discs: single-, double sided and 

slotted labyrinth seals. The test stand has been designed based on calculations in-

cluded in works [Joachimiak 2013, Joachimiak et al. 2013, Joachimiak 2011]. The 

pressure supply to the test stand allows testing segments for varied initial pressures in 

the range of p0 = 1.1 – 4·105 Pa at final pressures approximating that of ambient pres-

sure. The design of the test stand allows testing the behavior of a segment of a seal 
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with a turbulent flow according to the co-author’s novel idea claimed with a patent 

[Krzyślak and Winowiecki 2006]. In work [Krzyślak 2018], theoretical assumptions 

related to the diagnostic methods of labyrinth seals have been described. 

2. DESIGN OF THE TEST STAND 

The test stand for investigating labyrinth seals (Fig.1.) is powered with com-

pressed air accumulated in two tanks: the compressor tank and the main tank, of the 

volume of 3 m3 and 0.5 m3 respectively, coupled in series. The tanks are filled by  

a two-stage piston compressor of the maximum compressing pressure of pmax = 

1.5·105 Pa. The system of tanks is secured against excess pressure with a safety va-

lve. The pressure flowing out of the cylinder is reduced by a linear regulator. The 

main elements of the test stand are: the inlet part, the body, the outlet channel and the 

drain collector. 

 

Fig. 1. Diagram of the test stand for testing labyrinth seals, 1– compressor tank, 2 – com-

pressor, 3 – main tank, 4 – regulator valve, 5 – inlet channel, 6 – orifice 0, 7 – drain valve,  

8 – orifice 1, 9 – drain collector, 10 – model of segment labyrinth seal, 11 – outlet channel, 

12 – orifice 

The inlet part of the test stand consists of a regulator valve and the inlet channel 

that supplies air to the measurement orifice 0 (Fig. 2) and then to the diffuser.  
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Fig. 2. The inlet part of the test stand: 1 – main cylinder, 2 – regulator valve,  

3 – inlet channel 

The diffuser and the confusor are fixed to the body presented in Fig. 3. On the 

surface of the body there are spouts allowing the connection of the pressure convert-

ers and thermoelements. 

 

Fig. 3. Main body fitted on the test stand 

Figure 4 shows the longitudinal cross-section of the body and three transverse 

cross-sections: 0, 1, 2 which are at the same time the measurement cross-sections. 

These cross-sections are in the transverse planes against the axis: upstream of the stuff-

ing box segment at the point of the drain and downstream of the stuffing box segment. 

The design of the body allows measurement of the static pressure in each of the cham-

bers through 18 spouts shown in plane A (Fig. 4) located spirally on the outer surface 

between cross-sections 0-1 and 1-2 (Fig. 3). Six spouts located in the central plane are 

for channeling gas from the stuffing box to the drain collector (Fig. 6).  

The inner part is located centrically in the body. It forms the inner part of the 

model of labyrinth seal (Fig. 5). It is fixed to the body with supporting discs (front 

and rear) as shown in Fig. 5. For precise fixing of the inner part, both discs are 

equipped with locks. The front disc supports the inner part and fixes it axially. The 
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rear disc sets the inner part axially and transversely through a distance sleeve. This 

solution allows alignment of the inner part against the body and the drain point. 

 

 

Fig. 4. Overview of the body, longitudinal and transverse cross-sections of measurement 

planes 0, 1, 2 and eight planes A 

 
 

a) 

b) 

  

Fig. 5. Supporting discs fitted on the test stand, a) front, b) rear 
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Fig. 6. Connection of the spouts in the body to the drain collector 

The inner part presented in Fig. 2.7 is composed of a cylindrical part on which the 

distance sleeves are put and a set of discs. The discs and the sleeves are fixed by  

a pressing element in the rear of the inner part. Changing the distance sleeves allows 

alignment of the discs against the inner part. Discs of different geometry can be fixed 

on the inner part. The calibration of the stuffing box can also be modified by chang-

ing the size of the distance sleeves. 

 
a) 

 
b) 

 

Fig. 7. The inner part of a single-sided seal: a) overview, b) image of the inner part with the 

discs and distance sleeves 
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The geometry of the external distance sleeves fitted in the inner part of the dou-

ble-sided seal (Fig. 8) allows a measurement of the pressure distribution inside the 

chambers between the seal discs. 

a) 

 
b) 

 
 

Fig. 8. The inner part of a double-sided seal: a) overview, b) image of the inner part with 

the discs on and internal and external sleeves on 

The shape of the diffuser and the shape of the front of the inner part ensures an 

equal distribution of air in the circumference when coming into the stuffing box. 

The front supporting disc (Fig. 5a) is made in such a way as to minimize the turbu-

lence in the airflow. The cylindrical part before the stuffing box reduces the turbu-

lence rate of the flowing air. At this point, a measurement is made of the static 

pressure and temperature of air flowing to the seal model (cross-section 0, Fig. 4). 

Downstream of the stuffing box there is a cylindrical outflow part at which a meas-

urement is made of the static pressure and temperature of air flowing out of the 

segment (cross-section 2, Fig. 4). Downstream of the segment and the rear disc  

a confusor is fitted whose role is to reduce the turbulence in the airflow coming out 

of the stuffing box and going through the rear supporting disc (Fig. 5b). The outlet 

part is made of a confusor and an outlet channel where the measurement orifice 2 is 

fitted.  
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Fig. 9. The outlet part: 1 – the confusor, 2 – the outlet channel, 3 – orifice II  

 

Hoses channeling the gas from the labyrinth stuffing box are fixed to the drain 

collector (Fig. 6 and 10). In the final part of the outlet channel from the confusor, 

orifice 3 is fitted for the measurement of the channeled gas. The geometries of the 

inlet and outlet channels have been designed in compliance with standard [PN-EN 

ISO 5167-1]. 

 

Fig. 10. Drain collector 

3. MEASUREMENT SYSTEM 

The measurements of the mass flow are made with the orifices with a near-disc 

pressure takeoff  (Fig. 11.). The orifices are made to Polish Standard specification 

[PN-EN ISO 5167-1]. During the measurements, in order to balance the mass flow, 

geometrical similarity of orifices 0 and 2 was applied. As recommended in [PN-EN 

ISO 5167-1], stabilizing segments have been added before the orifices. 

1 
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Fig. 11. The orifices used in the tests and measurements of the test stand, elements for the 

measurement of the pressure near the disc 

Figure 12 presents the geometry of the channel of the pressure takeoff disc and 

the orifice fitted on the test stand. They were symbol-dimensioned. The values of 

the individual dimensions are provided in Table 1.   

 

Fig. 12. The geometry of the pressure takeoff channels and orifices used on the test stand  

 

Table 1 contains the dimensions of the orifices and channels in the individual 

measurement points of the mass flow. 

For the pressure measurement piezoresistant voltage signal absolute pressure 

converters have been used (PAA-23SY) (Fig. 13a). The measurement range of the 

converters is 0-5·105 Pa. The accuracy of this type of converter is 0.25% of the 

measurement range. The difference pressure on the orifices is measured with PD-

23 converters (Fig. 13b) of the ranges of 0-0.25·105 Pa and 0-1·105 Pa. The meas-

urement accuracy of the PD-23 converter is 0.2% of the measurement range. 
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Table 1 

Geometries of the channels and orifices at the mass flow measurement points (Fig. 2.1) 

Symbol Description Orifice 0 Orifice 1 Orifice 2 

D 
pipeline diameter 

[mm] 
50 50 20 

d 
chokepoint diameter 

[mm] 

17 

25 

37.5 

19 

25 

4 

5.1 

6 

α bevel angle [º] 45 45 45 

G 
orifice thickness 

[mm] 
2.5 2.5 2.5 

g 
chokepoint thick-

ness [mm] 
1 1 1 

 

The temperature measurements were made with T thermocouples (Fig. 13 c). 

Under the measurement conditions water can condense in the decompressing air, 

hence the thermocouple joints were covered with PTFE. The PTFE layer also pro-

tects the thermocouple against mechanical damage. Each of the thermocouples was 

fixed in a spout allowing airtight fitting. The geometry of the thermocouple spout 

was selected so that the joint was near the surface of the channel wall. 

a)   b) c)  

Fig. 13. Measurement equipment: pressure converters; a) absolute pressure converter 

PAA-23SY, b) difference pressure converter PD-23, c) PTFE covered T thermocouple  

The geometry of the body allows detecting pressure in twenty-one measurement 

planes (Fig. 4). During the measurement, the pressure values are recorded from 

several measurement points and the temperature values from ten measurement 

points. Figure 14 shows the spots where the static pressure is measured in the seal 

chambers.  
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Fig. 14. Diagram of the location of the measurement planes: 0, 1, 2 and the points of meas-

urement of static pressure in the chambers of single-sided and double-sided seals 

In order to pull the measurement data during the experiment with appropriate 

frequency (depending on the type of measurement), two measurement lines were 

nstalled. The first one was based on the Adam series modules and the other on the 

National Instruments platform. 

4. MEASUREMENT SYSTEM 

The measurement system is based on two architectures. The first is composed of 

the Adam series modules (Fig. 15). Modules 4117 also have voltage inputs and 

support the pressure converters. For the measurement of the temperature, modules 

4118 were used. The said modules support the USB-RS232 converter. Technical 

specifications of these devices have been included in [Joachimiak 2013]. The Ad-

am series modules were configured in AdamView.  

 

Fig. 15. Adam series 4117  and 4118 modules, USB-RS232 converter and the adapters  



Description of a test stand and measurement equipment for labyrinth seal testing 31 

The basis of the other measurement system is the NI PXIe-1073 control plat-

form supporting the NI PXIe-6341 card of voltage and current inputs and outputs 

and the NI TB-4353 card for thermocouples (Fig. 16). This system is characterized 

by a high frequency of the pulled data. The platform and the measurement cards of 

this system were configured in LabView. 

 

Fig. 16. NI PXIe-1073 control platform with NI PXIe-6341 and NI TB-4353 cards 

LabView and AdamView software used in the test stand allows a detection of 

the fitted measurement converters and thermocouples. The software allows setting 

the type and value of the range of the measurement signal from the pressure con-

verters and determining the type of each of the connected thermocouples. The used 

software enables storage of data in the form of tables in text files.  

 0 1 2m m m   (1) 

where:  

0m – the mass flow on orifices 0,  

1m – the mass flow on orifices 1, 

2m – the mass flow on orifices 2 [kg/s]. 

An example course of the mass flow changes on orifices 0, 1 and 2 has been 

shown in Fig. 17. 

 



D. Joachimiak, P. Krzyślak 

 

 

32 

 

Fig. 17. Values of the changes of mass flow in orifices 0, 1 and 2 during the measurement 

The accuracy of the balance of mass flow on the test stand is defined as follows:  

 1 2

0

1 100%
m m

m
m


  

    
   

. (2) 

The design of the test stand presented in the paper and the measurement system 

allow calculating the mass flow for each measurement unit in the inlet, outlet and 

drain collector channels [Krzyślak 2008, Krzyślak and Winowiecki 2006].  

In the tests of the stuffing box without a drain valve an average accuracy of the 

mass flow measurement was on the level of 2.1% (Fig. 18). For the stuffing box 

with the drain valve fitted the accuracy was on the level of 2÷4%.  

 

Fig. 18. Relative difference of the mass flow in the inlet and outlet channels 
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Figure 19 shows the distribution of pressure in the seal chambers during the 

measurement in the measuring points shown in Fig. 14. 

 

Fig. 19. Values of the static pressures in the single-sided seal channels 

The data from the ‘Kryza’ software (Fig. 17–19) are subject to processing by 

DSV software [Joachimiak 2011, Joachimiak 2013] and are compared with the 

results of theoretical calculations. 

6. CONCLUSIONS 

When designing the tests stand, thermodynamic and flow conditions were esti-

mated occurring upstream and downstream of the segment. Based on these assump-

tions, the values of the mass flow going through the stuffing box models were cal-

culated. On this basis, the diameters of the inlet and outlet channels were deter-

mined along with the geometry of the orifices and the thermodynamic values of the 

gases at the orifices. The results presented in chapter 5 confirm an appropriate de-

sign of the test stand. Most importantly, an acceptable value of parameter m was 

obtained (Fig. 18) specifying the accuracy of the balancing of the mass flow on the 

test stand (equation 2). An almost constant percentage value of the drained mass 

flow was obtained. The compressed high capacity air cylinders used in the test 

stand ensured a low drop of pressure at the inlet to the seals during the measure-

ment.    
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The investigations performed thus far within the grant no. NN513 324 740 re-

sulted in many interesting observations and conclusions on the phenomena occur-

ring during gas flow in the seals of different geometries and varied deterioration. 

Currently, works are planned on the development of new elements of the test stand 

allowing more detailed investigations of the phenomena occurring in different ge-

ometries of labyrinth stuffing boxes.  
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OPIS STANOWISKA I SYSTEMU POMIAROWEGO DO BADAŃ USZCZELNIEŃ 

LABIRYNTOWYCH 

Streszczenie 

W artykule przedstawiono stanowisko do badań segmentów uszczelnień labiryntowych 

jednostronnych i dwustronnych. Geometria stanowiska została zaprojektowana i wykonana 

przez autorów. Elementy i konstrukcja stanowiska umożliwiają przeprowadzenie badań 

uszczelnienia z uwzględnieniem różnych zakresów ciśnienia początkowego z pomiarem 

strumienia masy w kanale dopływowym i kanałach wypływowych. Konstrukcja stanowiska 

umożliwia badanie segmentów uszczelnień z zaburzonym przepływem. Geometria korpusu 

i wsadu uszczelnień jednostronnego i dwustronnego umożliwia pomiar ciśnienia w wybra-

nych komorach uszczelnienia.  

Słowa kluczowe: uszczelnienia labiryntowe, maszyny przepływowe, diagnozo-

wanie, przeciek 


