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ABSTRACT: A hollow turbine blade is filled with a liquid 
metal which is cooled by means of a plurality of tubes through 
which coolant air is passed. The walls of the turbine blade are 
in contact with the liquid metal which acts as the heat 
exchange mechanism, the air acting as the system coolant. 
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1. 

LIQUID-METAL-FILLED ROTOR BLADE 

BACKGROUND OF THE INVENTION 

There is at the present time a demand for the reduction in 
size of gas turbine engines while at the same time increasing 
output power. As a result turbine operating temperatures 
greatly exceed the temperatures which modern superalloy 
materials can withstand. Because of this it has been necessary 
to cool the components of the modern high-performance en 
gines, one of the most critical components being the first stage 
turbine rotor blade. 
There are many prior art arrangements for cooling turbine 

blades. The most common is the air-cooled hollow blade. An 
example of this is Banthin U.S. Pat. No. 3,370,829 assigned to 
the same assignee as this invention. The prior art also teaches 
the use of water-cooled turbine blades, for example, Eckert, 
U.S. Pat. No. 2,788,601. Furthermore, the prior art has made 
use of hollow blades filled with liquid metals; for example, 
Constant, U.S. Pat. No. 2,565,594. 
The present invention is an improvement over the prior art 

in that it makes use of a liquid metal which serves as the 
system heat exchanger and a coolant fluid which removes the 
heat from the liquid. 

SUMMARY OF THE INVENTION 

It is well known that a turbine blade can be cooled by using 
many small-diameter holes through which coolant air is 
passed. Such an arrangement produces a low convective re 
sistance for the coolant air, and thus a high cooling effective 
ness can be achieved. The effectiveness of this method would 
be improved even further if the conductive resistance of the 
blade material could be reduced. By using a liquid metal in 
lieu of the solid metal, the conductive resistance is decreased 
considerably for two reasons. First of all the conductivity of a 
liquid metal may be as much as four times that of modern 
blade materials and, second, the heat transfer coefficient, due 
to natural convection in a high centrifugal field, is very high. 
Therefore, liquid metal such as sodium or a sodium-potassium 
alloy offers negligible resistance to the flow of heat and it 
tends to keep the metal temperature more uniform, thus 
reducing thermal stresses. 
The present invention provides a hollow rotor blade which 

uses a liquid metal as a heat exchange mechanism and which 
uses air as the coolant. The air enters the blade at the root and 
passes through small tubes to a collection region at the blade 
tip. Small tubes pass through the liquid metal which is in an 
entirely filled, hermetically sealed chamber. The air absorbs 
the heat which is transported from the outside blade walls via 
the liquid metal. The liquid metal heats up at the outside walls 
and is forced radially inward due to its lower density and the 
high centrifugal field of the rotating blade. The liquid metal at 
the tube walls becomes more dense and is forced radially out 
ward. Thus, the centrifugal field, in combination with the den 
sity change, sets up a free convection process for the liquid 
metal. As the air leaves the tubes it cools the tip region by 
impingement. The air then flows radially inward and escapes 
to the outside. 

THE DRAWINGS 

FIG. 1 is a side elevation partly in section of a turbine blade 
made in accordance with this invention; 

FIG. 2 is a cross section taken through the line 2-2 in FIG. 
1, and 

FIG. 3 is a cross section taken through the line 3-3 in FIG. 
2. 

DESCRIPTION OF THE INVENTION 

The rotor blade generally indicated at 10 consists of a hol 
low metal airfoil-shaped portion 12 which is located in the hot 
gas stream of a turbine, and a root 14 adapted to be connected 
to a rotating turbine wheel (not shown). The airfoil-shaped 
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portion 12 of the blade 10 is divided by a wall 11 to provide 
two internal chambers, a liquid metal chamber 16 and an air 
chamber 18. The liquid metal chamber 16 is radially traversed 
by a plurality of hollow tubes 20 extending through an inner 
wall 21 and the wall 11, thus providing a coolant passage from 
a coolant entry 22 at the root 14 to the coolant chamber 18. 
The tubes 20 are sealed in the walls 11 and 21 so that when 
filled with a liquid metal 24, the liquid metal is hermetically 
sealed within the chamber 16. 
Coolant air leaving the tubes 20 cools the tip 26 of the tur 

bine blade and then leaves the chamber 18 through a slot 28. 
The air then exists from the blade through a porous trailing 
edge transpiration panel 30. 

In use the turbine blade is mounted on a rotating turbine 
wheel, and hence is subject to a large centrifugal field. When 
the liquid metal heats up at the outside walls, it becomes less 
dense than the liquid metal at the tubes 20 which is cooled and 
becomes more dense. The heated less dense metal is forced 
radially inward because of the high centrifugal field, while the 
higher density metal is forced radially outward. Thus, the 
combination of the centrifugal field along with the density 
change due to temperature sets up a free convection process 
for the liquid metal. 
As the coolant leaves the tubes 20 it cools the tip region 26 

by impingement. The coolant then flows radially inward and 
escapes to the outside through the slot 28 and the transpira 
tion panel 30. 

In practice the liquid metal is preferably sodium or a sodi 
um-potassium alloy, but other metals having the proper 
characteristics may also be used. The coolant fluid contem 
plated for use by this invention is air, but any available rela 
tively cool fluid may be used. Furthermore, while the dis 
closed turbine blade utilizes a transpiration panel 30, the coo 
lant air may simply be discharged from an appropriately 
shaped slot. 

I claim: 
1. A hollow turbine blade, a sealed chamber in said blade, 

said chamber being filled with a liquid having a relatively high 
heat conductivity as compared with said blade, a plurality of 
hollow coolant tubes extending through said chamber, said 
tubes providing a coolant passage from outside said blade and 
through said chamber, said coolant tubes being in direct con 
tact with said liquid, a collecting chamber in said blade, said 
tubes exhausting into said collecting chamber, and outlet 
means in said chamber for exhausting said coolant from said 
blade. 

2. The invention as defined in claim 1 wherein said liquid is 
a metal. 

3. The invention as defined in claim 2 wherein said metal is 
selected from a group consisting of sodium and sodium-potas 
sium alloys. 

4. The invention as defined in claim 1 wherein said outlet 
means includes a transpiration panel. 

5. A cooled turbine blade comprising: 
a root portion connectable to a rotating wheel and a hollow 

airfoil-shaped portion radially extending from said root 
portion; 

a sealed chamber and a collecting chamber in said airfoil 
shaped portion, said sealed chamber extending radially 
from said root along the leading edge of said airfoil 
shaped portion; s 

a plurality of hollow coolant tubes extending through said 
sealed chamber and providing coolant passages from the 
exterior of said blade to said collecting chamber; 

a liquid metal filling said sealed chamber; and 
outlet means for exhausting coolant from said collecting 
chamber. 

6. The invention as defined in claim 5 wherein said liquid is 
a metal. 

7. The invention as defined in claim 6 wherein said metal is 
selected from a group consisting of sodium and sodium-potas 
sium alloys. 

8. The invention as defined in claim 5 wherein said outlet 
means includes a transpiration panel. 
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