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(57) ABSTRACT 

An inspection and recording system for ?uid ?oW testing of 
cooling passageways in gas turbine buckets provides readily 
observable visual determination of Whether any blockages 
Were formed during the manufacturing or refurbishing pro 
cesses. The inspection apparatus includes a manifold block 
and manifold control valve mounted on a platform and 
adapted to engage the root end of a turbine bucket and 
supply liquid therethrough. The liquid exiting at the tip of 
the turbine bucket is visible and any blockages in the 
passageWays Will be easily discerned by the absence or 
paucity of liquid ?oW at the tip. The ?uid ?oW test is 
recorded With at least one video camera to display both 
locally and possibly remotely the ?uid ?oW through the 
article. The video images can be displayed remotely in real 
time over a computer netWork or can be stored on a suitable 

medium for time delayed display. When the system is 
connected to a computer netWork, a remote vieWer can also 
provide input or comment on the inspection displayed. 
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FLUID FLOW INSPECTION AND VIDEO 
RECORDING SYSTEM AND METHOD FOR 

TURBINE BUCKETS 

BACKGROUND OF THE INVENTION 

[0001] In order to improve the performance of gas tur 
bines, higher operating temperatures are required. These 
higher temperatures require supplemental cooling of the 
bucket via radial and serpentine cooling passageWays in the 
buckets. Air cooled gas turbine buckets are typically cooled 
by bringing compressor discharge air into the Wheel and 
channeling the air into dovetail slots betWeen the Wheel and 
turbine buckets through the entrance apertures of the cooling 
passageways. 

[0002] For optimal turbine performance, it is important for 
these passageWays to be free and clear of any blockage in 
order to meet minimum air flow requirements. When turbine 
buckets are manufactured or used buckets refurbished, the 
processing steps can include any number of methods such as 
grit blasting, shot blasting and aqua polishing Which make is 
possible to introduce foreign matter into the cooling pas 
sageWays. If there is a sufficient quantity of foreign matter, 
the passageWays can become blocked Which reduces the 
performance of the machine. To determine Whether there is 
a blockage, the conventional inspection process is to subject 
the bucket to an air flow test in Which air is supplied through 
the passageWay from an inlet to an outlet. In most cases 
multiple passageWays of a bucket are tested simultaneously. 
The air flow test has proven to be unreliable especially in 
multiple hole ?oW tests as it is possible to pass the air flow 
test With blocked passageWays. 

[0003] In order to ensure that buckets With blocked pas 
sageWays are not inadvertently shipped, additional measures 
are sometimes required such as pulling string or cord 
through the passageWays to demonstrate that the passage 
Ways are clear. Inserting the string into the cooling passage 
Ways adds to the cost of the buckets. 

[0004] A more reliable and efficient Way of inspecting the 
cooling passages for blockages is needed as Well as a process 
for documenting such an inspection. 

BRIEF SUMMARY OF THE INVENTION 

[0005] To address the reliability issues of the conventional 
air flow test, the present invention employs a ?uid, such as 
a liquid, for eXample, Water, flow inspection apparatus and 
process for gas turbine buckets. With Water flow inspection, 
the How of Water through each of the cooling passageWays 
is visible, and can be documented by recording the eXit of 
Water from the bucket on a video medium. The video 
recording can be archived or used to obtain approval or 
comment from customers remotely. The Water flow inspec 
tion process employs a Water flow inspection apparatus 
Which includes a bench or platform having a manifold block 
affixed to the bench. The manifold is supplied by a pressure 
regulated Water supply line controlled by a valve and 
equipped With a flow meter. The Water flow inspection 
apparatus also includes a pressure regulated air supply line 
in communication With the manifold for clearing the cooling 
passages of any residual Water from the Water flow test. 

[0006] To conduct a Water flow inspection, a turbine 
bucket is affixed to the bench With its root or base in 
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communication With and sealed to the manifold block. The 
tip of the bucket eXtends toWard an area Where Water can be 
sprayed. The Water supply line valve is opened to alloW 
Water to flow through the cooling passages of the bucket. At 
the tip, the Water exiting each cooling passage of the bucket 
is clearly visible. If any passage is blocked, it Would be 
readily visible by the Water flow test. Overall Water flow 
through the cooling passages can be read from the flow 
meter, and this reading compared against a calculated over 
all minimum ?oW. 

[0007] The inspection system includes vertical supports 
mounted to the bench and linked together by a horiZontal 
support. The components of the inspection apparatus are 
mounted to the supports or the bench. 

[0008] The inspection system also includes components to 
provide documentation of the test for supplier and customer 
records. Anumber of compact video cameras are mounted to 
the inspection apparatus and aimed at critical observation 
areas. One camera is aimed at the serial number area of the 
turbine bucket af?Xed in its holder, a second camera is aimed 
in the tip area to observe Water flow out of the tip, and a third 
camera is aimed at the flow meter. These video cameras are 
coupled to a video recorder so that the inspection can be 
documented by Way of a video recording. Since the record 
ing Will include the serial number of the particular bucket 
being tested, the recording can be archived for record 
keeping purposes. 

[0009] The video recording of the Water flow inspection 
can also be displayed for a remote vieWer on a computer 
netWork such as the internet in real time or time delay. 
Alternatively the video recording can be sent to a customer 
as a data ?le for doWnloading and revieW. The customer is 
then able to vieW the Water flow inspection and provide 
approval or disapproval immediately via the internet or other 
communication media. Documentation of the How test in 
this format is reliable, storable information for both a 
supplier’s records and a customer’s records. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is an elevational vieW of the overall inspec 
tion and video recording system. 

[0011] FIG. 2 is an elevational vieW of the monitor and 
recording device. 

[0012] FIG. 3 is a perspective vieW of a turbine bucket to 
be inspected. 

[0013] FIG. 4 is a perspective vieW of a turbine bucket 
With water flowing out of the tip While being tested. 

[0014] FIG. 5 is a block diagram of the video display and 
recording portion of the system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The components of a ?uid ?oW inspection and 
video system 10 are shoWn in FIG. 1 in elevation. Aturbine 
bucket 12 having a dovetail or root end 14, a tip 16 and a 
plurality of passageWays 18 of any desired con?guration, is 
shoWn With the inspection and recording system for illus 
tration purposes. The inspection apparatus portion includes 
a platform or bench 20 on Which is mounted a support 
frameWork 22. Support frameWork 22 can include any 
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number of supports in any orientation, and in the illustrated 
embodiment, includes a pair of vertical supports 24, 26 
linked together by a horiZontal support 28 Which is generally 
parallel to bench 20. The invention is described herein With 
the ?uid described as a liquid such as Water. This description 
is merely exemplary and is not intended to limit the inven 
tion. Any ?uid Which is visible or made visible may be used. 

[0016] Affixed to the planar surface of bench 20 is a 
manifold block 30 having an inlet 32, an outlet 34 and a 
manifold control valve 36. Manifold block 30 is disposed so 
that its outlet 34 can mate With and engage the dovetail or 
root end 14 of a turbine bucket 12 With the bucket in parallel 
relation to the bench. The outlet of the manifold block 30 is 
designed to seal against the dovetail end 14 of the bucket and 
supply ?uid to some or all of the cooling passageWays 18 of 
the bucket simultaneously. The manifold block is located on 
the bench so that When bucket 12 is clamped in place, its tip 
16 extends over a free edge of the bench. At manifold control 
valve 36, inlet 32 of manifold block 30 is coupled to a 
pressure regulated Water supply line 38 having a Water 
control valve 40. A pressure regulator is connected to the 
Water supply line upstream. Aback ?oW prevention mecha 
nism (not illustrated) can also be installed on the Water 
supply line as Well. At least a portion of Water supply line 38 
and a ?oW meter 42 are attached to support frameWork 22 
for ready visual observation and ease of use. 

[0017] Also at manifold control valve 36, a pressure 
regulated air supply line 44 is connected to inlet 32 of the 
manifold block. Air supply line 44 has an air control valve 
46 and a pressure regulator associated With it. Air is supplied 
to the manifold to clear out residual Water in the bucket 
passageWays after a ?oW test is performed. At least a portion 
of air supply line 44 and its components are attached to 
support frameWork 22. In the illustrated embodiment, the 
Water supply line and ?oW meter are attached to vertical 
support 26 of the support frameWork, While the air supply 
line is attached to vertical support 24. 

[0018] The video display and recording portion of the 
system includes at least one and possibly multiple compact 
video cameras mounted on ?exible, bendable cables and 
aimed at critical areas of the system. For example, video 
camera 48 on cable 48a is aimed toWard the tip 16 of the 
bucket to record the ?oW of Water out of the passageWays. 
Video camera 50 on cable 50a is aimed toWard the serial 
number marking on the test bucket 12. Athird video camera 
52 on cable 52a is aimed at Water ?oW meter 42. A video 
cabinet 54 houses the other components of the video display 
and recording portion of the system. 

[0019] There are a number of possibilities available With 
the video portion of the system. The system can be used to 
simply display the test images on a monitor, the images 
could be displayed over a computer netWork such as the 
internet in real time to a remote vieWer, the test images could 
be recorded on a suitable recording medium and be stored 
for archival purposes or for time delayed revieW. Time 
delayed revieW may occur over the computer netWork or by 
transmission of the data ?les by other means. Any one or all 
of these uses are available With the system of the present 
invention. 

[0020] Cables 48a, 50a and 52a run into a junction box 56 
in video cabinet 54 Which connects the cameras to their 
respective poWer supplies and a computer 58 containing a 
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video signal processor, FIGS. 2 and 5. A video frame 
splitter 60 is provided in the computer or is separate from the 
computer and linked into the system. The video frame 
splitter enables images from multiple cameras to be dis 
played on a single monitor 62. In the ?gures, the computer 
58 and a recording device such as a VCR are shoWn 
schematically as a single component, but of course separate 
components can be linked together. In the illustrated 
embodiment, the monitor has four quadrants, and images 
from the three cameras are displayed in three of the quad 
rants With a fourth quadrant left empty. As shoWn schemati 
cally in FIG. 2, quadrant 48b displays the image from 
camera 48 of the tip area of the bucket, quadrant 50b 
displays the image from camera 50 of the serial number of 
the bucket, and quadrant 52b displays the image from 
camera 52 of the Water ?oW meter. In this manner, the 
critical test regions are displayed on a monitor. 

[0021] The video images can be transmitted to a remote 
vieWer on a computer netWork. A computer netWork is used 
throughout this speci?cation to refer to tWo or more com 
puters connected together by cable, a server, a modem or 
other connection means. Examples of such computer net 
Works include local area netWorks, Wide area netWorks, 
distributed netWorks, the internet or other con?guration of 
netWorked serves. The video images can be transmitted or 
displayed such that they can be vieWed by anyone remote 
from the inspection site but having a computer connected to 
the netWork. 

[0022] One Way to make the displayed images available 
real time over a computer netWork such as the internet is to 
use Webcams for the video cameras in the system. In the 
simplest Webcam applications, the computer Would be 
equipped With suitable softWare to grab a frame from the 
cameras periodically and convert the image to a normal JPG 
?le. The JPG ?le is then uploaded to a Web server 64 to post 
the image on a Web page Which can be accessed by vieWers 
over the internet With proper authoriZation. The methods of 
automatically refreshing the image periodically employing 
meta tags to the HTML for the page, a J avascript function or 
a Java applet, are knoWn, and very useful in this application. 
In more enhanced applications, the Webcam can be used to 
process streaming video of the inspection process and dis 
play it on the Web page. 

[0023] The remote vieWer may be a customer Who is 
interested in vieWing the inspection process for the turbine 
buckets as the testing occurs. The remote vieWer Would be 
provided With any security information they need to access 
the Web page to vieW the images. The Web page can be 
designed so that the remote vieWer can provide real time 
input about the inspection process such as con?rming 
approval and agreeing to take delivery. 
[0024] One Way to store the test images for time delayed 
vieWing is to upload the Webcam images or streaming video 
to a Web page on the server and alloW remote vieWers to 
revieW the images at their convenience. The remote vieWers 
can provide feed back about the inspection, and communi 
cate approval over the internet, email, telephone or any other 
communication means. 

[0025] In the applications in Which the video is uploaded 
to a Web server and accessible via the internet, it is under 
stood that the remote vieWer Will need a computer With 
internet access and suitable player plug-in softWare to vieW 
the video. 
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[0026] Another Way to store the test images is to connect 
the video cameras to a recorder 66 such as a video cassette 

recorder (VCR), digital video disk encoder, or the like. The 
storage medium 68 can be magnetic tapes as With VHS 
tapes, or digital media such as DVD or the like. The test 
images for a series of turbine buckets can be recorded, 
indexed and stored With the system of the present invention. 
The stored recordings can be made available for vieWing 
over the internet by upload to the Web server, or by trans 
mission of the tape or disk itself. These stored recordings can 
be archived as sales records, used for Warranty purposes, or 
sent to customers for vieWing remotely. 

[0027] The ability to obtain immediate, or near immediate, 
input from customers Who vieW the videos of the inspection 
process over a computer netWork such as the internet Will 
improve delivery times, reduce Warranty questions and 
enhance customer satisfaction. 

[0028] To facilitate the video recordings, at least one and 
possibly a number of light sources can also be aimed at the 
critical areas to better illuminate them for videography. One 
preferred type of auxiliary light source 70 is shoWn in FIG. 
1 With a number of ?exible, bendable cables having lights 72 
and 74 mounted at their ends. These lights can be aimed 
Wherever the cameras need supplemental light for high 
quality video display and recording. Any number of lights 
may be used as Warranted by the video recording equipment. 

[0029] The operation of the Water ?oW inspection and 
video display and recording system Will be explained With 
reference to the illustrated embodiment in Which a 6B-Stage 
1 bucket is tested With a system employing a video cassette 
recorder. It Will be understood that the system can be easily 
con?gured to test any type of bucket, and other recording 
media may be employed. 

[0030] Before conducting a How test Which is to be 
displayed on monitor 62 and recorded, the air control valve 
and the Water control valve are closed, and a tape inserted 
into the recorder 66. Vital information is noted in a logbook 
for a Written record and includes the date, time, job number, 
serial number, tape counter, Water pressure and ?oW. Then 
manifold control valve 36 is con?rmed to be closed, and a 
turbine bucket 12, FIG. 3, to be tested is installed on bench 
20 With a clamp 76, a holder or other suitable hardWare, With 
its dovetail end 14 in communication With outlet 34 of 
manifold block 30. The dovetail end 14 of bucket 12 is 
sealed against the manifold outlet and the body of the bucket 
in generally parallel relation to the bench. 

[0031] Once the bucket 12 is in place With its tip 16 
extending over the edge of the bench, the Water control valve 
40 is opened to a predetermined pressure. The manifold 
control valve 36 is then opened to alloW Water to How 
through the manifold and the cooling passageWays 18 of the 
bucket. Water W should exit the passageWays 18 at the tip 
16 of the bucket 12, FIG. 4. Any blockage, either partial or 
total blockage, of any of the passageWays due to foreign 
matter occlusion should be readily observable by the pres 
ence or absence of Water ?oW through the passageWays. The 
overall ?oW data is recorded in the logbook. The recorder is 
actuated to record the three areas of the How test as a series 
of images or a video. A ?ve to ten second recording time is 
preferred and completes the recorded portion of the test. The 
recording is then stopped and the counter or other index 
factor noted in the logbook. The Water control valve is 
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closed, and the air control valve is opened to bloW out excess 
Water from the bucket. The air control valve is then closed 
and the manifold control valve is also closed. The bucket is 
unclamped and removed. The test steps are repeated for each 
test bucket. A series of buckets can be tested and the tests 
recorded in this manner. For a set of turbine buckets, it may 
be desired to video record each of the buckets as they are 
being inspected, and the entire record stored in memory or 
a portable medium. 

[0032] As discussed above, the test video can be displayed 
on a Web page in real time so that a remote vieWer can 

provide immediate real time feedback, and con?rm approval 
of the bucket for delivery. Alternatively, the various storage 
methods can be used to store the test video for vieWing With 
a time delay. The vieWing can occur over the internet as Well 
if the images are uploaded to a Web page. The video can also 
be stored on a portable medium such as a tape or disk Which 
can easily be forWarded to a remote vieWer or archived in a 
library. 
[0033] Besides visual observation of the Water ?oW 
through the passageWays, the inspection apparatus provides 
a redundant check on the overall Water ?oW by reading at 
least one How meter 42 While the Water is coursing through 
the passageWays. The reading can be compared against a 
theoretical calculated value for overall minimum ?oW. The 
calculated value can readily be calculated for speci?c buck 
ets, and is based on the perimeter of the cooling passageWay 
and its length, the number of passageWays and pressure. For 
example, in a 6B-Stage 1 turbine bucket 12 illustrated in the 
draWings, the calculated minimum How Would be 2.83 
gal/min at 20 psi pressure. If the How meter reading is less 
than the calculated minimum overall ?oW, closer inspection 
of the bucket is Warranted to determine if blockages exist. 

[0034] The inspection system described herein can be 
easily adapted for a variety of bucket siZes and necessary 
pressures on the Water supply line Where ?oW testing is 
required. The inspection system can be used With any article 
With internal passages Which need to be tested for blockages. 
Alternative manifold blocks may be designed to ?t various 
buckets or other articles With variously shaped and siZed 
passageWays. Such variations are contemplated to be Within 
the scope of this invention. Although the illustrated embodi 
ment is described With Water as the testing medium, any 
suitable ?uid, such as a colored gas or vapor, Which provides 
visual con?rmation of How through the bucket can be used. 
For monitor display or video recording purposes it may be 
necessary to add a dye or other additive to the ?uid. It may 
also be desirable conduct the test under special lighting 
conditions such as colored lights, black lights or strobe to 
make the How test even more visible for clearer recording. 

[0035] Thus has been described an inspection system for 
Water ?oW testing the cooling passageWays of gas turbine 
buckets for blockages and video recording of the testing for 
display on a monitor either locally or remotely. The fore 
going explanation includes many variations and embodi 
ments, and the invention is not intended to be limited to the 
speci?c details disclosed herein, but only by the claim 
appended hereto. 

What is claimed is: 
1. A liquid ?oW inspection and display system for liquid 

?oW testing of passages in turbine buckets for blockages, 
said system comprising: 
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a platform; 

a manifold block having an outlet, a manifold control 
valve and a liquid inlet affixed to said platform; 

a liquid supply line coupled to said liquid inlet of said 
manifold block for supplying liquid under pressure; 

a video camera for monitoring the inspection; 

a monitor connected to said video camera for displaying 
a video image of the inspection. 

2. The system of claim 1 further comprising a video 
recorder for recording the video images of the inspection. 

3. The system of claim 2 Wherein said video recorder 
records to a video tape. 

4. The system of claim 2 Wherein said video recorder 
records to a digital medium. 

5. The system of claim 1 further comprising a computer 
adapted to be connected to a computer netWork to transmit 
the video images to other computers for displaying the video 
images remotely. 

6. The system of claim 5 further comprising a video 
recorder for recording the video images of the inspection 
and storing same on a storage medium. 

7. A system for conducting liquid ?oW inspection of gas 
turbine buckets having internal passages comprising: 

an inspection apparatus comprising a platform, a manifold 
block having an outlet adapted to engage a tip of a 
turbine bucket, a manifold control valve and a liquid 
inlet affixed to said platform, and a liquid supply line 
coupled to said liquid inlet of said manifold block for 
supplying liquid under pressure through said manifold 
block and the turbine bucket passages; 

a Webcam for capturing video images of the inspection; 

a monitor connected to said Webcam for vieWing the 
video images; and 

a computer connected to said Webcam and adapted to be 
connected to a computer netWork for transmitting the 
video images to another computer on the netWork for 
inspection by a remote vieWer. 

8. The system of claim 7 further comprising a plurality of 
Webcams focused at various areas of said inspection appa 
ratus for capturing video images of the various areas during 
the inspection. 

9. The system of claim 8 further comprising a video 
splitter connected to said monitor to display multiple video 
images on said monitor simultaneously in split screen format 
and enable transmission of the split screen format to another 
computer on the netWork. 

10. The system of claim 7 further comprising a recording 
device to record the video images onto a storage medium. 

11. The system of claim 10 Wherein said storage medium 
is a video cassette tape. 

12. The system of claim 10 Wherein said storage medium 
is a digital disk. 

13. The system of claim 10 Wherein said storage medium 
is digital memory in said computer. 

14. The system of claim 7 Wherein said computer is 
connected to a Web server that receives uploaded video 
images. 
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15. The system of claim 14 further comprising a plurality 
of Webcams focused at various areas of said inspection 
apparatus for capturing video images of the various areas 
during the inspection. 

16. The system of claim 15 Wherein one of said Webcams 
is aimed at an area of said inspection apparatus Where a 
turbine blade tip Would be disposed during testing. 

17. The system of claim 16 Wherein one of said Webcams 
is aimed at an area of said inspection apparatus Where a 
turbine blade serial number Would be disposed during test 
ing. 

18. The system of claim 17 Wherein one of said Webcams 
is aimed at a How meter on said liquid supply line. 

19. The system of claim 18 further comprising a video 
splitter connected to said monitor to display multiple video 
images on said monitor simultaneously in split screen format 
and enable transmission of the split screen format to another 
computer on the netWork. 

20. A method of conducting a video inspection of liquid 
?oW testing of passageWays in a turbine bucket for block 
ages comprising the steps of: 

affixing the bucket to a testing apparatus; 

sealing the root end of the bucket such that the passage 
Ways are in communication With a liquid supply line; 

providing liquid ?oW through the passageWays; and 

capturing video images of the liquid ?oW through the 
bucket passageWays at the tip to determine Whether 
liquid ?ow is impeded by blockages; and 

displaying the video images on a local monitor for visual 
inspection. 

21. The method of claim 20 further comprising the step of 
transmitting the video images to a remote monitor for real 
time visual inspection. 

22. The method of claim 20 further comprising the step of 
recording the video images on a storage medium for visual 
inspection by playback after a time delay. 

23. The method of claim 20 Wherein said step of capturing 
video images includes capturing video images of a serial 
number area of a turbine bucket in place to be tested. 

24. The method of claim 20 Wherein said step of capturing 
video images includes capturing video images of a How 
meter for the liquid supply line. 

25. The method of claim 21 Wherein said step of trans 
mitting comprises a Web server receiving the video signal 
and displaying the video images on a Web page for remote 
access and inspection. 

26. The method of claim 25 Wherein said step of trans 
mitting comprises a Web server processing and uploading 
streaming video to provide remote access to the streaming 
video. 

27. The method of claim 26 further comprising the step of 
a Web server receiving an input from a remote vieWer and 
communicating the input to said computer. 

28. Amethod of providing visual inspection of gas turbine 
buckets comprising: 

af?xing a gas turbine bucket to a testing apparatus; 

sealing the root end of the bucket so that its internal 
passageWays are in communication With a liquid supply 
line; 
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providing liquid flow through the passageways so that 
liquid flows out of the tip of the bucket and any 
blockages of the passageWays can be ascertained by 
reduction or absence of liquid flow; 

capturing video images of the bucket tip area of the 
inspection apparatus With a video camera; 

displaying the video images on a monitor. 
29. The method of claim 28 Wherein said step of capturing 

video images comprises focusing a video camera at an area 
of the inspection apparatus to capture a bucket serial num 
ber. 

30. The method of claim 29 Wherein said step of capturing 
video images further comprises focusing a video camera at 
a flow meter associated With the liquid supply line to capture 
its reading. 

31. The method of claim 30 Wherein the step of displaying 
comprises splitting multiple video images and displaying 
simultaneously on the monitor. 

32. The method of claim 31 further comprising the step of 
recording the video images onto a storage medium. 

33. A method of providing remote visual inspection of gas 
turbine buckets comprising: 

af?Xing a gas turbine bucket to a testing apparatus; 

sealing the root end of the bucket so that its internal 
passageWays are in communication With a liquid supply 
line; 
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providing liquid flow through the passageWays so that 
liquid flows out of the tip of the bucket and any 
blockages of the passageWays can be ascertained by 
reduction or absence of liquid flow; 

capturing video images of the bucket tip area of the 
inspection apparatus With a video camera; 

processing the video images into streaming video; 

uploading the streaming video to a Web server enabling 
remote vieWing and inspection. 

34. The method of claim 33 further comprising the step of 
receiving input about the inspection from the remote vieWer. 

35. The method of claim 33 Wherein said steps of upload 
ing and remote vieWing are performed in real time. 

36. The method of claim 33 Wherein said step of upload 
ing the streaming video to a Web server includes the step of 
storing the streaming video for later remote vieWing. 

37. The method of claim 36 Wherein said step of storing 
comprises storing the streaming video as a data ?le on a 
recording medium. 

38. The method of claim 36 Wherein said step of storing 
comprises storing the streaming video on a Web server. 


