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An experimental study has been made of the combined effect of a longitudinal con- 
vex curvature and a negative longitudinal pressure gradient on the gas-blanket 
efficiency on an adiabatic surface. 

A gas blanket is used extensively in diverse technical equipment to protect heat-stressed 
elements (turbine blades, Laval nozzles, etc.). A blanket is formed in such equipment when 
a number of factors affect the efficiency, complicating the overall picture of the flow and 
requiring detail study. Primarily the curvature of the surface and the longitudinal pressure 
gradient should be classified among these factors. 

Few studies have been devoted to a gas blanket on surfaces with a longitudinal curva- 
ture. It was shown in [I, 2] that for a convex wall the value of q on the main part i~ higher 
than for a flat surface while for a concave surface it is lower than for a flat surfac~o Quan- 
titative relations reflecting the influence of the curvature on the efficiency have been given 
in only one study [3]. Experimental studies of the effect of a negative longitudinal )ressure 

gradient on the protective properties of the blanket have been carried out only for flow past 
a flat plate [4-6]; no such data are available for a curvilinear wall. 

Our aim is to experimentally investigate the combined effect of a convex curvature and 
a negative longitudinal pressure gradient on the gas-blanket efficiency; and to obtain compu- 
tational relations for this case. 

The experiments were carried out on an open gasdynamic circuit (Fig. i). Atmospheric 
air was fed into the test section by a fan through a pipe, diffuser, receiver, a set ol ~ equal- 
izing screens, a profiled rectangular nozzle with a 6:1 ratio of inlet and outlet area~, and 
a rectilinear segment whose cross-sectional dimensions (height 0.i m and width 0.2 m) corre- 
spond to the dimensions of the test section. In front of the diffuser is a valve for regulat- 
ing the flow rate. The incoming air was fed from a compressor through a slit at the ir~let 
into a curvilinear segment with a cross section of 2"10 -3 x 0.18 m 2, made flush with the sur- 
face at an angle of 20 ~ to it. The system for supplying the secondary gas also included a 
receiver, a diaphragm for measuring the flow rate, and a resistance heater. The temperature 
of the main flow and the injected flow was measured with chromel-copel thermocouples. 

The test section consists of a lower experimental curvilinear plate with a width of 0.2 
m, length 0.5 m, and thickness 0.i m with a constant radius of curvature of 1.5 m, made of 
textolite glued onto a wooden base [the thermal resistance of the base was substantially (30- 
50 times) higher than I/s, which was found from the relations for a slipstream, which allowed 
us to assume that the surface was adiabatic], and an upper moving curvilinear metal plate, 
one end of which was fastened in a cross section a distance of 1.5"10 -2 m lower with respect 
to the flow from the injection cross section, as well as flat side walls made of glass. By 
moving the upper plate we varied the cross-sectional area of the channel and thus generated 
a longitudinal pressure gradient. 

Ten chromel-copel thermocoupies were calked into the experimental surface to measure 
the longitudinal distribution of the temperature of the adiabatic wall. Moreover, eigh: holes 
were made in the experimental surface to sample the static pressure and each was connec!~ed 
to a differential manometer. 

Institute of Engineering Thermal Physics, Academy of Science sof the Ukrainian SSR, Kiev. 
Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 58, No. 5, pp. 766-771, May, 1990. 
Original article submitted February 13, 1989. 

0022-0841/90/5805-0589512.50 �9 1990 Plenum Publishing Corporation 589 



I f J 4 5  5 7 3  

Fig. 1. Experimental arrangement: 1) pr i -  
mary-air fan; 2) valve; 3) equalizing screen; 
4) primary-air  rece iver ;  5) equalizing screen 
(baf f le ) ;  6) Vi toshinski i  nozzle; 7) s t i l l i n g  
chamber; 8) experimental segment; 9) secondary- 
a i r  compressor; 10) valves; 11) secondary-air  
receiver ;  12) res i s tance  heater ;  13) diaphragm. 
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Fig. 2. Velocity profiles in the boundary 
layer at m = 0.783 and different values 
of the longitudinal coordinate: i) x -- 
0.07 m; 2) 0.28 m; and 3) 0.39 m. 

The velocity profiles were measured in four cross sections (x = 7"102 , 0.17, 0.28, and 
0.39 m, origin in the injection cross section) with a velocity-head tube and an MMN-250 micro- 
manometer. The velocity-head tube was made from a hypodermic needle with an outside diameter 
of 0.8"10 -3 m; the receiving thole was flattened into an elliptical shape. The velocity of 
the main flow at the inlet into the test section varied from i0 to 15 m/sec, the Reynolds 
number Re h in this cross section was (1-1.4)'10 s, the injection parameter m varied in the 
range 0.2-1.4, and the ratios of the momentum thickness and the boundary-layer thickness to 

the radius of surface curvature were 6.10-4-~'*<l.8-10-3and001<-~--6 <002, respectively. 

The thermocouples were precalibrated with a UT-15 ultrathermostat and a mercury thermom- 
eter with a scale value of 0.1~ The temperature was determined to within 0.5%, the effi- 
ciency parameter was 3.6, the flow velocity was 0.7, the injected-air flow rate was 2.5, and 
the Reynolds number Re s was 2.6%. 

First we carried out a series of experiments in which the aerodynamics of the flow and 
the efficiency of film cooling on the convex surface at zero longitudinal pressure gradient. 
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Fig. 3. Experimental data on the gas-blanket efficiency 
at dp/dx = 0: i-3) data of [i]; i) m = 0.5; 2) 0.7 m; 
3) 0.9 m; 4-10) data of our experiments; 4-8) Re h = 
1.4.10s; 9, i0) Re h = 10s; 4) m = 0.996; 5) 0.593; 6) 
0.582; 7) 0.783; 8) 0.235; 9) 0.648; i0) 0.737. The 
solid line is for a flat plate [7]. 
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Fig. 4. Experimental data on the efficiency of a gas 
blanket with allowance for curvature: i) data of [i]; 
m = 0.7; 2-8) data of our experiments; 2, 3) Re h = 10s; 
4-8) Re h = 1.4~ 2) m = 0.648; 3) 0.737; 4) 0.996; 
5) 0.593; 6) 0.582; 7) 0.783; 8) 0.235. The solid line 
is for a flat plate [7]. 

Figure 2 shows velocity profiles measured in different cross sections of the working section. 
We see that as the boundary layer develops the degree to which the profiles are filled de- 
creases, despite the comparatively low value of the parameter of relative curvature. This 
indicates a stabilizing action by the convex curvature on the hydrodynamics of the flow. 

Our study of the effect of convex curvature on the gas-blanket efficiency supportel the 
conclusions of [i, 2] that this factor results in an increase on the main segment in compar- 
ison with a flat surface (Fig. 3). Figure 3 also shows the data of [I] (R u = 0.61 m, injec- 
tion slit at a 20 ~ angle), which lie above the results reported here, since a higher value 

of the parameter of relative curvature (~--=0,0023--0.0052) was used in those experiments. 

Curvature as a factor was taken into account in much the same way as [3] by introducing 
corrections into the asymptotic Kutateladze-Leont'ev relation for a flat plate [7], in ~hich 
case the relation for the effectiveness is given in the form 
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F ig .  5. G e n e r a l i z a t i o n  o f  exper iment  on the  gas-blanket e f f i c i e n c y  
when a nega t i ve  l o n g i t u d i n a l  p ressure  g r a d i e n t  e x i s t s ;  1-4) Pos i -  
t i o n  I of the upper plate; i) m = 0.248; 2) 0.565; 3) 0.702; 4) 
0.964; 5-8) position II of the upper plate; 5) m = 0.389; 6) 0.591; 
7) 1.193; 8) 1.43. 

J--0 8 
= 1 + O.24Pe -~ x , .  . ,~  Wc (1)  

m s  

The correction ~c is a relative function of friction (Cf/Cf0)Re** (Cf and Cf0 are the 
coefficients of friction for a curvilinear and flat wall, respectively). This correction 
was calculated by the method described in [8], using experimental values of the momentum 
thickness. 

Data on the gas-blanket efficiency with allowance for the curvature are shown in Fig. 4. 
We see from Fig. 4 that points corresponding to the results of this study and of [i] are 
grouped around the line corresponding to Eq. (i) for ~c =I. The slight deviation (no more 
than 5%) of the data for curvilinear surfaces form the values of N for ~c = 1 are evidently 
due to the existence of a nonzero initial boundary-layer thickness. 

Our study of the combined effect on the blanket parameters from the curvature and the 
negative longitudinal pressure gradient was carried out at three different positions of the 
upper moving plate. The maximum ratio of the flow velocities at the outlet from the working 
section and at the inlet to it was 5.8 and the acceleration parameter K in our experiments 
varies over the range (0.1-2)'10 -6 . 

We assume that the longitudinal pressure gradient and the curvature affect the efficiency 
of the gas blanket independently of each other, then q can be represented as a product 

= ~o~%, (2)  

where Zc and gp a r e  f a c t o r s  t h a t  t a k e  t h e  c u r v a t u r e  and t h e  p r e s s u r e  g r a d i e n t ,  r e s p e c t i v e l y ,  
into account. The value of ec, which is equal to the ratio of the efficiencies of curvilinear 
and flat walls at 3p/ax = 0, with allowance for (I), can be written as 

[ i 
R e ~ '  ~ - ~  1 + 0 , 2 4  -0 25 x 

E~ ~ ~ZS 

0 24 TM -0 25 x (3)  1 +  , ~ e s  ' m--~ 

To f i n d  t h e  f a c t o r  ep in  Eq. ( 2 ) ,  we measured  t h e  e f f i c i e n c y  and t h e  v e l o c i t y  p r o f i l e  
in  d i f f e r e n t  c r o s s  s e c t i o n s  in  t h e  s i m u t l a n e o u s  p r e s s u r e  o f  a p r e s s u r e  g r a d i e n t  and t h e  f low 
c u r v a t u r e .  Us ing  t h e  c o m p u t a t i o n a l  method g i v e n  in  [8] on t h e  a s s u m p t i o n  t h a t  t h e  f a c t o r s  
a c t  i n d e p e n d e n t l y ,  we d e t e r m i n e d  t h e  v a l u e  o f  ~c ,  ~c,  and t h e n  ~p. The dependence  o f  ep was,  
as in [4], written as a power function 

[ u(x3  (4) n - - n o  u(x) J 

Generalization of the experimental data (Fig. 5) enabled us to verify Eq. (4), while 
the value of n ws 0.19, which is close to that obtained in [4] for a flat surface. This can 
serve as confirmation that the curvature and longitudinal pressure gradient have an inde- 
pendent effect on the efficiency of the gas blanket. 
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NOTATION 

Here u denotes the velocity; m is the injection parameter UsPs/U=p~: Reh and Re s are the 
Reynolds numbers, for which the average parameters of the main flow were assumed to be the 
determining factors and the height of the working chamber at the inlet and the height of the 
slit for secondary-gas injection, respectively, were taken to be the characteristic dimen- 
sions; 6 and 6** are the boundary-layer and momentum thicknesses; R w is the radius of surface 

T* 
curvature; x is the longitudinal curvilinear coordinate; ~l---- ~--T~ is the efficiency of the 

gas blanket; and K=U~ dx is the acceleration parameter. Subscripts and superscripts: 

s pertains to the injection cross section; ~ denotes parameters at the outer boundary of the 
boundary layer; w denotes parameters at the wall; 0 pertains to a flat plate; and * denotes 
parameters at an adiabatic wall. 

I. 

2. 

3. 

4. 

5. 
6. 
7. 

8. 

LITERATURE CITED 

R. E. Mail, F. C. Copper, M. F. Blair, and D. A. Bailey, Energ. Mash. Ustan., No. i, 
87 (1977). 
V. I. Loka~, A. V. Shchukin, and R. M. Kha~rutdinov, Izv. Vyssh. uchebn. Zaved. Aviatsonn. 
Yekh., No. 3, 150 (1978). 
A. V. Shchukin, in: High-Temeprature Cooled Gas Turbines of Aviation Engines [ir~ Rus- 
sian], Kazan' (1979). 
J. Hartnett, R. Birkeback, and E. Eckert, Int. Developments of Heat Transfer, Part IV, 
682 (1961). 
L. W. Carlson and E. Ta!mor, Int. J. Heat Mass Transfer, ii, No. 11, 1695 (1968). 
M. P. Escudier and J. H. Whitelaw, Int. J. Heat Mass Trasnfer, ii, No. 8, 1289 (1968). 
S. S. Kutateladze and A. I. Leont'ev, Heat and Mass Transfer and Friction in a Turbulent 
Boundary Layer [in Russian], Moscow (1972). 
A. A. Khalatov, A. A. Avramenko, and M. M. Mitrakhovich, Prom. Teplotekh., Ii, No. 2, 
8 (1989). 

INFLUENCE OF SURFACTANT ADMIXTURES ON THE ACOUSTIC 

CHARACTERISTICS OF A CLOSED HYDRAULIC LOOP 
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UDC 534.641:517.4 

Results are presented of measurements of the friction drag, acoustic spectra of 
pipeline wall and pump pedestal vibrations as well as of the hydrodynamic noise 
during the motion of a fluid with surfactant admixtures of different nature in 
a closed hydraulic loop. 

On the effective methods of reducing turbulent friction drag, diminishing the intensity 
of forced thermal and mass transfer and changing the acoustic characteristics of a stream is 
the injection of admixtures of high-molecular polymers, micelle-forming surfactants, and aniso- 
tropic particles into the fluid [lJ. However, polymer admixtures cannot be used in systems 
having pumps and elements with high local drag because of the significant mechanical destruc- 
tion [i]. As is shown in [2], surfactant admixtures possess high stability with respect to 
prolonged mechanical actions and their application is justified in closed hydraulic systems. 
Up to now a significant number of researches have been executed [i, 3, 4] to investigate the 
influence of polymer admixtures on different acoustic characteristics of a turbulent stceam, 
however, there is no data on surfactant influence on flow acoustics yet. 
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