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</p><style data-mw-deduplicate="TemplateStyles:r1097763485">.mw-parser-output .ambox{border:1px solid #a2a9b1;border-left:10px solid #36c;background-color:#fbfbfb;box-sizing:border-box}.mw-parser-output .ambox+link+.ambox,.mw-parser-output .ambox+link+style+.ambox,.mw-parser-output .ambox+link+link+.ambox,.mw-parser-output .ambox+.mw-empty-elt+link+.ambox,.mw-parser-output .ambox+.mw-empty-elt+link+style+.ambox,.mw-parser-output .ambox+.mw-empty-elt+link+link+.ambox{margin-top:-1px}html body.mediawiki .mw-parser-output .ambox.mbox-small-left{margin:4px 1em 4px 0;overflow:hidden;width:238px;border-collapse:collapse;font-size:88%;line-height:1.25em}.mw-parser-output .ambox-speedy{border-left:10px solid #b32424;background-color:#fee7e6}.mw-parser-output .ambox-delete{border-left:10px solid #b32424}.mw-parser-output .ambox-content{border-left:10px solid #f28500}.mw-parser-output .ambox-style{border-left:10px solid #fc3}.mw-parser-output .ambox-move{border-left:10px solid #9932cc}.mw-parser-output .ambox-protection{border-left:10px solid #a2a9b1}.mw-parser-output .ambox .mbox-text{border:none;padding:0.25em 0.5em;width:100%}.mw-parser-output .ambox .mbox-image{border:none;padding:2px 0 2px 0.5em;text-align:center}.mw-parser-output .ambox .mbox-imageright{border:none;padding:2px 0.5em 2px 0;text-align:center}.mw-parser-output .ambox .mbox-empty-cell{border:none;padding:0;width:1px}.mw-parser-output .ambox .mbox-image-div{width:52px}html.client-js body.skin-minerva .mw-parser-output .mbox-text-span{margin-left:23px!important}@media(min-width:720px){.mw-parser-output .ambox{margin:0 10%))</style><div class="wiki_alert">This article needs to be updated. The reason given is: Info on improvement projects is dated. Please help update this article to reflect recent events or newly available information.  (June 2020)</div><style data-mw-deduplicate="TemplateStyles:r1066479718">.mw-parser-output .infobox-subbox{padding:0;border:none;margin:-3px;width:auto;min-width:100%;font-size:100%;clear:none;float:none;background-color:transparent}.mw-parser-output .infobox-3cols-child{margin:auto}.mw-parser-output .infobox .navbar{font-size:100%}body.skin-minerva .mw-parser-output .infobox-header,body.skin-minerva .mw-parser-output .infobox-subheader,body.skin-minerva .mw-parser-output .infobox-above,body.skin-minerva .mw-parser-output .infobox-title,body.skin-minerva .mw-parser-output .infobox-image,body.skin-minerva .mw-parser-output .infobox-full-data,body.skin-minerva .mw-parser-output .infobox-below{text-align:center}</style><table class="infobox ww_ib ww_ib_1"><caption class="infobox-title">RL10</caption><tbody><tr><td colspan="2" class="infobox-image"><span typeof="mw:File"><a href="/en/File:RL-10_rocket_engine_(30432256313).jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/250px-RL-10_rocket_engine_%2830432256313%29.jpg" decoding="async" width="250" height="334" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/375px-RL-10_rocket_engine_%2830432256313%29.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/500px-RL-10_rocket_engine_%2830432256313%29.jpg 2x" data-file-width="3648" data-file-height="4872" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/250px-RL-10_rocket_engine_%2830432256313%29.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/375px-RL-10_rocket_engine_%2830432256313%29.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/6/6c/RL-10_rocket_engine_%2830432256313%29.jpg/500px-RL-10_rocket_engine_%2830432256313%29.jpg 2x"></a></span><div class="infobox-caption">An RL10A-4 engine in London&apos;s <a href="/en/Science_Museum,_London" title="Science Museum, London" class="int-link">Science Museum</a></div></td></tr><tr><th scope="row" class="infobox-label">Country of origin</th><td class="infobox-data"><a href="/en/United_States" title="United States" class="int-link">United States of America</a></td></tr><tr><th scope="row" class="infobox-label">First flight</th><td class="infobox-data">1962 (RL10A-1)</td></tr><tr><th scope="row" class="infobox-label">Manufacturer</th><td class="infobox-data"><a href="/en/Aerojet_Rocketdyne" title="Aerojet Rocketdyne" class="int-link">Aerojet Rocketdyne</a></td></tr><tr><th scope="row" class="infobox-label">Application</th><td class="infobox-data"><a href="/en/Upper_stage" class="mw-redirect int-link" title="Upper stage">Upper stage</a> engine</td></tr><tr><th scope="row" class="infobox-label">Associated <abbr title="launch vehicle">LV</abbr></th><td class="infobox-data"><a href="/en/Atlas_(rocket_family)" title="Atlas (rocket family)" class="int-link">Atlas</a><br><a href="/en/Saturn_I" title="Saturn I" class="int-link">Saturn I</a><br><a href="/en/Titan_IIIE" title="Titan IIIE" class="int-link">Titan IIIE</a><br><a href="/en/Titan_IV" title="Titan IV" class="int-link">Titan IV</a><br><a href="/en/Delta_III" title="Delta III" class="int-link">Delta III</a><br><a href="/en/Delta_IV" title="Delta IV" class="int-link">Delta IV</a><br><a href="/en/McDonnell_Douglas_DC-X" title="McDonnell Douglas DC-X" class="int-link">DC-X</a> (canceled)<br><a href="/en/Centaur_(rocket_stage)#Shuttle-Centaur_(Centaur_G_and_G-Prime)" title="Centaur (rocket stage)" class="int-link">Space Shuttle</a> (canceled)<br><a href="/en/Space_Launch_System" title="Space Launch System" class="int-link">Space Launch System</a><br><a href="/en/OmegA" title="OmegA" class="int-link">OmegA</a> (canceled)<br><a href="/en/Vulcan_(rocket)" class="mw-redirect int-link" title="Vulcan (rocket)">Vulcan</a></td></tr><tr><th scope="row" class="infobox-label">Status</th><td class="infobox-data">In production</td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD"><a href="/en/Liquid-propellant_rocket" title="Liquid-propellant rocket" class="int-link">Liquid-fuel engine</a></th></tr><tr><th scope="row" class="infobox-label">Propellant</th><td class="infobox-data"><a href="/en/Liquid_oxygen" title="Liquid oxygen" class="int-link">Liquid oxygen</a> / <a href="/en/Liquid_hydrogen" title="Liquid hydrogen" class="int-link">liquid hydrogen</a></td></tr><tr><th scope="row" class="infobox-label">Mixture ratio</th><td class="infobox-data">5.88:1</td></tr><tr><th scope="row" class="infobox-label">Cycle</th><td class="infobox-data"><a href="/en/Expander_cycle" title="Expander cycle" class="int-link">Expander cycle</a></td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD">Configuration</th></tr><tr><th scope="row" class="infobox-label">Nozzle ratio</th><td class="infobox-data">84:1 or 280:1</td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD">Performance</th></tr><tr><th scope="row" class="infobox-label">Thrust, vacuum</th><td class="infobox-data">110.1&#xA0;kN (24,800&#xA0;lb<sub>f</sub>)</td></tr><tr><th scope="row" class="infobox-label"><a href="/en/Specific_impulse" title="Specific impulse" class="int-link">Specific impulse</a>, vacuum</th><td class="infobox-data">465.5 seconds (4.565&#xA0;km/s)</td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD">Dimensions</th></tr><tr><th scope="row" class="infobox-label">Length</th><td class="infobox-data">4.15&#xA0;m (13.6&#xA0;ft) w/ nozzle extended</td></tr><tr><th scope="row" class="infobox-label">Diameter</th><td class="infobox-data">2.15&#xA0;m (7&#xA0;ft 1&#xA0;in)</td></tr><tr><th scope="row" class="infobox-label">Dry weight</th><td class="infobox-data">301&#xA0;kg (664&#xA0;lb)</td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD">Used in</th></tr><tr><td colspan="2" class="infobox-full-data"><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a>, <a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">DCSS</a>, <a href="/en/S-IV" title="S-IV" class="int-link">S-IV</a></td></tr><tr><th colspan="2" class="infobox-header" style="background-color:#FFDEAD">References</th></tr><tr><th scope="row" class="infobox-label">References</th><td class="infobox-data"><sup id="cite_ref-EA10B2_1-0" class="reference"><a href="#cite_note-EA10B2-1" class="anch-link">[1]</a></sup></td></tr><tr><th scope="row" class="infobox-label">Notes</th><td class="infobox-data">Performance values and dimensions are for RL10B-2.</td></tr></tbody></table><p class="first-paragraph">The <b>RL10</b> is a <a href="/en/Liquid-fuel_rocket" class="mw-redirect int-link" title="Liquid-fuel rocket">liquid-fuel</a> <a href="/en/Cryogenic_rocket_engine" title="Cryogenic rocket engine" class="int-link">cryogenic rocket engine</a> built in the <a href="/en/United_States" title="United States" class="int-link">United States</a> by <a href="/en/Aerojet_Rocketdyne" title="Aerojet Rocketdyne" class="int-link">Aerojet Rocketdyne</a> that burns <a href="/en/Cryogenic_fuel" title="Cryogenic fuel" class="int-link">cryogenic</a> <a href="/en/Liquid_hydrogen" title="Liquid hydrogen" class="int-link">liquid hydrogen</a> and <a href="/en/Liquid_oxygen" title="Liquid oxygen" class="int-link">liquid oxygen</a> propellants. Modern versions produce up to 110&#xA0;kN (24,729&#xA0;lb<sub>f</sub>) of <a href="/en/Thrust" title="Thrust" class="int-link">thrust</a> per engine in vacuum. Three RL10 versions are in production for the <a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a> <a href="/en/Upper_stage" class="mw-redirect int-link" title="Upper stage">upper stage</a> of the <a href="/en/Atlas_V" title="Atlas V" class="int-link">Atlas V</a> and the <a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">DCSS</a> of the <a href="/en/Delta_IV" title="Delta IV" class="int-link">Delta IV</a>. Three more versions are in development for the <a href="/en/Exploration_Upper_Stage" title="Exploration Upper Stage" class="int-link">Exploration Upper Stage</a> of the <a href="/en/Space_Launch_System" title="Space Launch System" class="int-link">Space Launch System</a> and the Centaur V of the <a href="/en/Vulcan_(rocket)" class="mw-redirect int-link" title="Vulcan (rocket)">Vulcan</a> rocket.<sup id="cite_ref-:1_2-0" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup>
</p><p>The <a href="/en/Expander_cycle" title="Expander cycle" class="int-link">expander cycle</a> that the engine uses drives the <a href="/en/Turbopump" title="Turbopump" class="int-link">turbopump</a> with waste heat absorbed by the engine combustion chamber, throat, and nozzle. This, combined with the hydrogen fuel, leads to very high <a href="/en/Specific_impulse" title="Specific impulse" class="int-link">specific impulses</a> (<i>I</i><sub>sp</sub>) in the range of 373&#xA0;to 470&#xA0;s (3.66&#x2013;4.61&#xA0;km/s) in a vacuum. Mass ranges from 131&#xA0;to 317&#xA0;kg (289&#x2013;699&#xA0;lb) depending on the version of the engine.<sup id="cite_ref-3" class="reference"><a href="#cite_note-3" class="anch-link">[3]</a></sup><sup id="cite_ref-4" class="reference"><a href="#cite_note-4" class="anch-link">[4]</a></sup>
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<p>The RL10 was the first liquid hydrogen rocket engine to be built in the United States, with development of the engine by <a href="/en/Marshall_Space_Flight_Center" title="Marshall Space Flight Center" class="int-link">Marshall Space Flight Center</a> and <a href="/en/Pratt_%26_Whitney" title="Pratt &amp; Whitney" class="int-link">Pratt &amp; Whitney</a> beginning in the 1950s. The RL10 was originally developed as a throttleable engine for the USAF <a href="/en/Lunex_Project" title="Lunex Project" class="int-link">Lunex</a> lunar lander.<sup id="cite_ref-5" class="reference"><a href="#cite_note-5" class="anch-link">[5]</a></sup>
</p><p>The RL10 was first tested on the ground in 1959, at <a href="/en/Pratt_%26_Whitney" title="Pratt &amp; Whitney" class="int-link">Pratt &amp; Whitney</a>&apos;s Florida Research and Development Center in <a href="/en/West_Palm_Beach,_Florida" title="West Palm Beach, Florida" class="int-link">West Palm Beach, Florida</a>.<sup id="cite_ref-6" class="reference"><a href="#cite_note-6" class="anch-link">[6]</a></sup><sup id="cite_ref-gunter.centaur_7-0" class="reference"><a href="#cite_note-gunter.centaur-7" class="anch-link">[7]</a></sup> The first successful flight took place on November 27, 1963.<sup id="cite_ref-:3_8-0" class="reference"><a href="#cite_note-:3-8" class="anch-link">[8]</a></sup><sup id="cite_ref-9" class="reference"><a href="#cite_note-9" class="anch-link">[9]</a></sup> For that launch, two RL10A-3 engines powered the <a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a> upper stage of an <a href="/en/Atlas-Centaur" title="Atlas-Centaur" class="int-link">Atlas</a> launch vehicle. The launch was used to conduct a heavily instrumented performance and structural integrity test of the vehicle.<sup id="cite_ref-10" class="reference"><a href="#cite_note-10" class="anch-link">[10]</a></sup>
</p><p>Multiple versions of this engine have been flown. The <a href="/en/S-IV" title="S-IV" class="int-link">S-IV</a> of the <a href="/en/Saturn_I" title="Saturn I" class="int-link">Saturn I</a> used a cluster of six RL10A-3S, a version which was modified for installation on the Saturn<sup id="cite_ref-Norbert_11-0" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup> and the <a href="/en/Titan_(rocket_family)" title="Titan (rocket family)" class="int-link">Titan</a> program included <a href="/en/Centaur_(rocket_stage)#Centaur_D-1T_(Titan_III)" title="Centaur (rocket stage)" class="int-link">Centaur D-1T</a> upper stages powered by two RL10A-3-3 Engines.<sup id="cite_ref-Norbert_11-1" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-12" class="reference"><a href="#cite_note-12" class="anch-link">[12]</a></sup>
</p><p>Four modified RL10A-5 engines were used in the <a href="/en/McDonnell_Douglas_DC-X" title="McDonnell Douglas DC-X" class="int-link">McDonnell Douglas DC-X</a>.<sup id="cite_ref-astro-dcx_13-0" class="reference"><a href="#cite_note-astro-dcx-13" class="anch-link">[13]</a></sup>
</p><p>A flaw in the <a href="/en/Brazing" title="Brazing" class="int-link">brazing</a> of an RL10B-2 combustion chamber was identified as the cause of failure for the 4 May 1999 <a href="/en/Delta_III" title="Delta III" class="int-link">Delta III</a> launch carrying the Orion-3 <a href="/en/Communications_satellite" title="Communications satellite" class="int-link">communications satellite</a>.<sup id="cite_ref-14" class="reference"><a href="#cite_note-14" class="anch-link">[14]</a></sup>
</p><p>The <a href="/en/DIRECT" class="mw-redirect int-link" title="DIRECT">DIRECT</a> version 3.0 proposal to replace <a href="/en/Ares_I" title="Ares I" class="int-link">Ares I</a> and <a href="/en/Ares_V" title="Ares V" class="int-link">Ares V</a> with a family of rockets sharing a common core stage recommended the RL10 for the second stage of the J-246 and J-247 launch vehicles.<sup id="cite_ref-direct_v3_specs_15-0" class="reference"><a href="#cite_note-direct_v3_specs-15" class="anch-link">[15]</a></sup>  Up to seven RL10 engines would have been used in the proposed Jupiter Upper Stage, serving an equivalent role to the <a href="/en/Space_Launch_System" title="Space Launch System" class="int-link">Space Launch System</a> <a href="/en/Exploration_Upper_Stage" title="Exploration Upper Stage" class="int-link">Exploration Upper Stage</a>.
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<figure class="mw-default-size" typeof="mw:File/Thumb"><a href="/en/File:Common_Extensible_Cryogenic_Engine.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/220px-Common_Extensible_Cryogenic_Engine.jpg" decoding="async" width="220" height="329" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/330px-Common_Extensible_Cryogenic_Engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/440px-Common_Extensible_Cryogenic_Engine.jpg 2x" data-file-width="2591" data-file-height="3869" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/220px-Common_Extensible_Cryogenic_Engine.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/330px-Common_Extensible_Cryogenic_Engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/8/8a/Common_Extensible_Cryogenic_Engine.jpg/440px-Common_Extensible_Cryogenic_Engine.jpg 2x"></a><figcaption>The CECE at partial throttle</figcaption></figure><p>In the early 2000s, NASA contracted with <a href="/en/Pratt_%26_Whitney_Rocketdyne" title="Pratt &amp; Whitney Rocketdyne" class="int-link">Pratt &amp; Whitney Rocketdyne</a> to develop
the Common Extensible Cryogenic Engine (CECE) demonstrator. CECE was intended to lead to RL10 engines capable of deep throttling.<sup id="cite_ref-16" class="reference"><a href="#cite_note-16" class="anch-link">[16]</a></sup> In 2007, its operability (with some &quot;chugging&quot;) was demonstrated at 11:1 throttle ratios.<sup id="cite_ref-17" class="reference"><a href="#cite_note-17" class="anch-link">[17]</a></sup> In 2009, NASA reported successfully throttling from 104 percent thrust to eight percent thrust, a record for an expander cycle engine of this type. Chugging was eliminated by injector and propellant feed system modifications that control the pressure, temperature and flow of propellants.<sup id="cite_ref-18" class="reference"><a href="#cite_note-18" class="anch-link">[18]</a></sup> In 2010, the throttling range was expanded further to a 17.6:1 ratio, throttling from 104% to 5.9% power.<sup id="cite_ref-19" class="reference"><a href="#cite_note-19" class="anch-link">[19]</a></sup>
</p><h3>
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</h3>
<p>In 2012 NASA joined with the US Air Force (USAF) to study next-generation upper stage propulsion, formalizing the agencies&apos; joint interests in a new upper stage engine to replace the Aerojet Rocketdyne RL10.
</p><style data-mw-deduplicate="TemplateStyles:r996844942">.mw-parser-output .templatequote{overflow:hidden;margin:1em 0;padding:0 40px}.mw-parser-output .templatequote .templatequotecite{line-height:1.5em;text-align:left;padding-left:1.6em;margin-top:0}</style><blockquote class="templatequote"><p>&quot;We know the list price on an RL10.  If you look at cost over time, a very large portion of the unit cost of the EELVs is attributable to the propulsion systems, and the RL10 is a very old engine, and there&apos;s a lot of craftwork associated with its manufacture. ... That&apos;s what this study will figure out, is it worthwhile to build an RL10 replacement?&quot;</p><div class="templatequotecite">&#x2014;&#x200A;<cite>Dale Thomas, Associated Director Technical, Marshall Space Flight Center<sup id="cite_ref-FG2012_20-0" class="reference"><a href="#cite_note-FG2012-20" class="anch-link">[20]</a></sup></cite></div></blockquote><p>From the study, NASA hoped to find a less expensive RL10-class engine for the upper stage of the <a href="/en/Space_Launch_System" title="Space Launch System" class="int-link">Space Launch System</a> (SLS).<sup id="cite_ref-FG2012_20-1" class="reference"><a href="#cite_note-FG2012-20" class="anch-link">[20]</a></sup><sup id="cite_ref-NASA-2012-04_21-0" class="reference"><a href="#cite_note-NASA-2012-04-21" class="anch-link">[21]</a></sup>
</p><p>USAF hoped to replace the Rocketdyne RL10 engines used on the upper stages of the Lockheed Martin Atlas V and the Boeing Delta IV <a href="/en/Evolved_Expendable_Launch_Vehicle" class="mw-redirect int-link" title="Evolved Expendable Launch Vehicle">Evolved Expendable Launch Vehicles</a> (EELV) that were the primary methods of putting US government satellites into space.<sup id="cite_ref-FG2012_20-2" class="reference"><a href="#cite_note-FG2012-20" class="anch-link">[20]</a></sup> A related requirements study was conducted at the same time under the Affordable Upper Stage Engine Program (AUSEP).<sup id="cite_ref-NASA-2012-04_21-1" class="reference"><a href="#cite_note-NASA-2012-04-21" class="anch-link">[21]</a></sup>
</p><h3>
    <span class="mw-headline" id="Improvements">Improvements</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=4' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h3>
<p>The RL10 has evolved over the years. The RL10B-2 that was used on the <a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">DCSS</a> had improved performance, an extendable <a href="/en/Carbon-carbon" class="mw-redirect int-link" title="Carbon-carbon">carbon-carbon</a> nozzle, electro-mechanical <a href="/en/Gimbal" title="Gimbal" class="int-link">gimbaling</a> for reduced weight and increased reliability, and a <a href="/en/Specific_impulse" title="Specific impulse" class="int-link">specific impulse</a> of 465.5 seconds (4.565&#xA0;km/s).<sup id="cite_ref-22" class="reference"><a href="#cite_note-22" class="anch-link">[22]</a></sup><sup id="cite_ref-pwr_rl10b-2.pdf_23-0" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup>
</p><p>As of 2016, Aerojet Rocketdyne was working toward incorporating <a href="/en/Additive_manufacturing" class="mw-redirect int-link" title="Additive manufacturing">additive manufacturing</a> into the RL10 construction process. The company conducted full-scale, hot-fire tests on an engine with a printed main injector in March 2016,<sup id="cite_ref-24" class="reference"><a href="#cite_note-24" class="anch-link">[24]</a></sup> and on an engine with a printed <a href="/en/Thrust_chamber" class="mw-redirect int-link" title="Thrust chamber">thrust chamber</a> assembly in April 2017.<sup id="cite_ref-25" class="reference"><a href="#cite_note-25" class="anch-link">[25]</a></sup>
</p></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_2_Wikiwand'></div><section class='article_content' id='section_Current_applications_for_the_RL10'><h2>
    <span class="mw-headline" id="Current_applications_for_the_RL10">Current applications for the RL10</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=5' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h2>
<ul><li><a href="/en/Atlas_V" title="Atlas V" class="int-link">Atlas V</a> <a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur (rocket stage)</a>: The single engine centaur (SEC) version uses the RL10C-1,<sup id="cite_ref-:1_2-1" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup> while the dual engine centaur (DEC) version retains the smaller RL10A-4-2.<sup id="cite_ref-EA10A1_26-0" class="reference"><a href="#cite_note-EA10A1-26" class="anch-link">[26]</a></sup>  An Atlas V mission (SBIRS-5) marked the first use of the RL10C-1-1 version.  The mission was successful but observed unexpected vibration, and further use of the RL10C-1-1 model is on hold until the problem is better understood.<sup id="cite_ref-27" class="reference"><a href="#cite_note-27" class="anch-link">[27]</a></sup> The engine was used again successfully on SBIRS-6.</li>
<li><a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">Delta Cryogenic Second Stage</a>: The current DCSS has an RL10C-2-1 with an extensible nozzle.<sup id="cite_ref-:1_2-2" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup><sup id="cite_ref-28" class="reference"><a href="#cite_note-28" class="anch-link">[28]</a></sup><sup id="cite_ref-29" class="reference"><a href="#cite_note-29" class="anch-link">[29]</a></sup></li>
<li><a href="/en/Interim_Cryogenic_Propulsion_Stage" class="mw-redirect int-link" title="Interim Cryogenic Propulsion Stage">Interim Cryogenic Propulsion Stage</a>&#xA0;: The Interim Cryogenic Propulsion Stage or ICPS is used for the SLS and is similar to the DCSS, except that the engine is an RL10B-2 and it is adapted to fit on top of the 8.4 meter diameter core stage with four <a href="/en/RS-25" title="RS-25" class="int-link">RS-25</a> Space Shuttle Main Engines.</li>
<li><a href="/en/Vulcan_Centaur" title="Vulcan Centaur" class="int-link">Vulcan Centaur</a>&apos;s <a href="/en/Centaur_V" class="mw-redirect int-link" title="Centaur V">Centaur V</a> stage: On May 11, 2018, <a href="/en/United_Launch_Alliance" title="United Launch Alliance" class="int-link">United Launch Alliance</a> (ULA) announced that the RL10 upper stage engine had been selected for ULA&apos;s next-generation <a href="/en/Vulcan_(rocket)" class="mw-redirect int-link" title="Vulcan (rocket)">Vulcan Centaur</a> rocket following a competitive procurement process.<sup id="cite_ref-30" class="reference"><a href="#cite_note-30" class="anch-link">[30]</a></sup> Centaur V will normally use the RL10C-1-1,<sup id="cite_ref-:1_2-3" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup> but on Vulcan Centaur Heavy the RL10C-X will be used.<sup id="cite_ref-31" class="reference"><a href="#cite_note-31" class="anch-link">[31]</a></sup> Vulcan finally flew on its successful maiden flight on January 8, 2024.<sup id="cite_ref-32" class="reference"><a href="#cite_note-32" class="anch-link">[32]</a></sup></li></ul></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_3_Wikiwand'></div><section class='article_content' id='section_Engines_in_development'><h2>
    <span class="mw-headline" id="Engines_in_development">Engines in development</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=6' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h2>
<ul><li><a href="/en/Exploration_Upper_Stage" title="Exploration Upper Stage" class="int-link">Exploration Upper Stage (EUS)</a>: EUS will initially use four RL10C-3 engines. When RL10C-X becomes available, the C-3 engines will be swapped out for C-X.<sup id="cite_ref-33" class="reference"><a href="#cite_note-33" class="anch-link">[33]</a></sup></li>
<li>OmegA Upper Stage: In April 2018, <a href="/en/Northrop_Grumman_Innovation_Systems" title="Northrop Grumman Innovation Systems" class="int-link">Northrop Grumman Innovation Systems</a> announced that two RL10C-5-1 engines would be used on <a href="/en/Omega_(rocket)" class="mw-redirect int-link" title="Omega (rocket)">OmegA</a> in the upper stage.<sup id="cite_ref-34" class="reference"><a href="#cite_note-34" class="anch-link">[34]</a></sup>  <a href="/en/Blue_Origin" title="Blue Origin" class="int-link">Blue Origin</a>&apos;s <a href="/en/BE-3U" class="mw-redirect int-link" title="BE-3U">BE-3U</a> and <a href="/en/Airbus" title="Airbus" class="int-link">Airbus</a> Safran&apos;s <a href="/en/Vinci_(rocket_engine)" title="Vinci (rocket engine)" class="int-link">Vinci</a> were also considered before Aerojet Rocketdyne&apos;s engine was selected.  OmegA development was halted after it failed to win a National Security Space Launch contract.<sup id="cite_ref-:2_35-0" class="reference"><a href="#cite_note-:2-35" class="anch-link">[35]</a></sup></li></ul><h3>
    <span class="mw-headline" id="Advanced_Cryogenic_Evolved_Stage">Advanced Cryogenic Evolved Stage</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=7' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h3>
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<p>As of 2009<sup class="plainlinks noexcerpt noprint asof-tag update" style="display:none;"><a class="external text wiki-link" href="https://en.wikipedia.org/w/index.php?title=RL10&amp;action=edit">[update]</a></sup>, an enhanced version of the RL10 was proposed to power the <a href="/en/Advanced_Cryogenic_Evolved_Stage" title="Advanced Cryogenic Evolved Stage" class="int-link">Advanced Cryogenic Evolved Stage</a> (ACES), a long-duration, low-boiloff extension of existing <a href="/en/United_Launch_Alliance" title="United Launch Alliance" class="int-link">ULA</a> <a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a> and <a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">Delta Cryogenic Second Stage</a> (DCSS) technology for the <a href="/en/Vulcan_(rocket)" class="mw-redirect int-link" title="Vulcan (rocket)">Vulcan</a> launch vehicle.<sup id="cite_ref-aiaa20096566_36-0" class="reference"><a href="#cite_note-aiaa20096566-36" class="anch-link">[36]</a></sup>  Long-duration ACES technology is intended to support <a href="/en/Geosynchronous" class="mw-redirect int-link" title="Geosynchronous">geosynchronous</a>, <a href="/en/Cislunar" class="mw-redirect int-link" title="Cislunar">cislunar</a>, and <a href="/en/Interplanetary_mission" class="mw-redirect int-link" title="Interplanetary mission">interplanetary</a> missions. Another possible application is as in-space <a href="/en/Propellant_depot" class="mw-redirect int-link" title="Propellant depot">propellant depots</a> in <a href="/en/Low_Earth_orbit" title="Low Earth orbit" class="int-link">LEO</a> or at <a href="/en/Lagrange_point#L2" title="Lagrange point" class="int-link">L<sub>2</sub></a> that could be used as way-stations for other rockets to stop and refuel on the way to beyond-LEO or interplanetary missions. Cleanup of <a href="/en/Space_debris" title="Space debris" class="int-link">space debris</a> was also proposed.<sup id="cite_ref-aiaa20100902_37-0" class="reference"><a href="#cite_note-aiaa20100902-37" class="anch-link">[37]</a></sup>
</p></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_4_Wikiwand'></div><section class='article_content' id='section_Table_of_versions'><h2>
    <span class="mw-headline" id="Table_of_versions">Table of versions</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=8' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h2>
<table class="sortable wikitable">

<tbody><tr>
<th>Version&#xA0;
</th>
<th>Status
</th>
<th>First flight
</th>
<th>Dry mass
</th>
<th>Thrust
</th>
<th><a href="/en/Specific_impulse" title="Specific impulse" class="int-link"><i>I</i><sub>sp</sub></a> (<a href="/en/Exhaust_velocity" class="mw-redirect int-link" title="Exhaust velocity"><i>v</i><sub>e</sub></a>), <abbr title="vacuum">vac.</abbr>
</th>
<th>Length
</th>
<th>Diameter
</th>
<th><a href="/en/Thrust-to-weight_ratio" title="Thrust-to-weight ratio" class="int-link">T:W</a>
</th>
<th><abbr title="Oxidiser to fuel ratio">O:F</abbr>
</th>
<th><a href="/en/Expansion_ratio" title="Expansion ratio" class="int-link">Expansion ratio</a>
</th>
<th>Chamber pressure
</th>
<th>Burn time
</th>
<th>Associated stage
</th>
<th>Notes
</th></tr>
<tr>
<td>RL10A-1
</td>
<td>Retired
</td>
<td>1962
</td>
<td>131&#xA0;kg (289&#xA0;lb)
</td>
<td>67&#xA0;kN (15,000&#xA0;lbf)
</td>
<td>425&#xA0;s (4.17&#xA0;km/s)
</td>
<td>1.73&#xA0;m (5&#xA0;ft 8&#xA0;in)
</td>
<td>1.53&#xA0;m (5&#xA0;ft 0&#xA0;in)
</td>
<td>52:1
</td>
<td>5:1
</td>
<td>40:1
</td>
<td>20.7&#xA0;bar (2,070&#xA0;kPa)
</td>
<td>430&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur A</a>
</td>
<td>Prototype<br><sup id="cite_ref-Norbert_11-2" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-EA10A1_26-1" class="reference"><a href="#cite_note-EA10A1-26" class="anch-link">[26]</a></sup><sup id="cite_ref-S2S_38-0" class="reference"><a href="#cite_note-S2S-38" class="anch-link">[38]</a></sup><sup id="cite_ref-GSPAC_39-0" class="reference"><a href="#cite_note-GSPAC-39" class="anch-link">[39]</a></sup>
</td></tr>
<tr>
<td>RL10A-3C
</td>
<td>Retired
</td>
<td>1963
</td>
<td>131&#xA0;kg (289&#xA0;lb)
</td>
<td>65.6&#xA0;kN (14,700&#xA0;lb<sub>f</sub>)
</td>
<td>444&#xA0;s (4.35&#xA0;km/s)
</td>
<td>2.49&#xA0;m (8&#xA0;ft 2&#xA0;in)
</td>
<td>1.53&#xA0;m (5&#xA0;ft 0&#xA0;in)
</td>
<td>51:1
</td>
<td>5:1
</td>
<td>57:1
</td>
<td>32.75&#xA0;bar (3,275&#xA0;kPa)
</td>
<td>470&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a> B/C/D/E
</td>
<td><sup id="cite_ref-EA10A3_40-0" class="reference"><a href="#cite_note-EA10A3-40" class="anch-link">[40]</a></sup>
</td></tr>
<tr>
<td>RL10A-3S
</td>
<td>Retired
</td>
<td>1964
</td>
<td>134&#xA0;kg (296&#xA0;lb)
</td>
<td>67&#xA0;kN (15,000&#xA0;lbf)
</td>
<td>427&#xA0;s (4.19&#xA0;km/s)
</td>
<td>1.73&#xA0;m (5&#xA0;ft 8&#xA0;in)
</td>
<td>
</td>
<td>51:1
</td>
<td>5:1
</td>
<td>40:1
</td>
<td>20.7&#xA0;bar (2,070&#xA0;kPa)
</td>
<td>
</td>
<td><a href="/en/S-IV" title="S-IV" class="int-link">S-IV</a>
</td>
<td><sup id="cite_ref-Norbert_11-3" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-:3_8-1" class="reference"><a href="#cite_note-:3-8" class="anch-link">[8]</a></sup>
</td></tr>
<tr>
<td>RL10A-4
</td>
<td>Retired
</td>
<td>1992
</td>
<td>168&#xA0;kg (370&#xA0;lb)
</td>
<td>92.5&#xA0;kN (20,800&#xA0;lb<sub>f</sub>)
</td>
<td>449&#xA0;s (4.40&#xA0;km/s)
</td>
<td>2.29&#xA0;m (7&#xA0;ft 6&#xA0;in)
</td>
<td>1.17&#xA0;m (3&#xA0;ft 10&#xA0;in)
</td>
<td>56:1
</td>
<td>5.5:1
</td>
<td>84:1
</td>
<td>39.8&#xA0;bar (3,980&#xA0;kPa)
</td>
<td>392&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur IIA</a>
</td>
<td><sup id="cite_ref-Norbert_11-4" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-EA10A4_41-0" class="reference"><a href="#cite_note-EA10A4-41" class="anch-link">[41]</a></sup>
</td></tr>
<tr>
<td>RL10A-5
</td>
<td>Retired
</td>
<td>1993
</td>
<td>143&#xA0;kg (315&#xA0;lb)
</td>
<td>64.7&#xA0;kN (14,500&#xA0;lb<sub>f</sub>)
</td>
<td>373&#xA0;s (3.66&#xA0;km/s)
</td>
<td>1.07&#xA0;m (3&#xA0;ft 6&#xA0;in)
</td>
<td>1.02&#xA0;m (3&#xA0;ft 4&#xA0;in)
</td>
<td>46:1
</td>
<td>6:1
</td>
<td>4:1
</td>
<td>39.8&#xA0;bar (3,980&#xA0;kPa)
</td>
<td>127&#xA0;s
</td>
<td><a href="/en/McDonnell_Douglas_DC-X" title="McDonnell Douglas DC-X" class="int-link">DC-X</a>
</td>
<td><sup id="cite_ref-Norbert_11-5" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-EA10A5_42-0" class="reference"><a href="#cite_note-EA10A5-42" class="anch-link">[42]</a></sup>
</td></tr>
<tr>
<td>RL10B-2
</td>
<td>Active
</td>
<td>1998
</td>
<td>277&#xA0;kg (611&#xA0;lb)
</td>
<td>110.1&#xA0;kN (24,750&#xA0;lbf)
</td>
<td>465.5&#xA0;s (4.565&#xA0;km/s)
</td>
<td>2.2 m
<p>(7 ft 2 in)
Extended:
4.15 m
(13 ft 7.5 in)
</p>
</td>
<td>2.15&#xA0;m (7&#xA0;ft 1&#xA0;in)
</td>
<td>40:1
</td>
<td>5.88:1
</td>
<td>280:1
</td>
<td>44.12&#xA0;bar (4,412&#xA0;kPa)
</td>
<td>5-m: 1,125&#xA0;s<br>4-m: 700&#xA0;s
</td>
<td><a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">Delta Cryogenic Second Stage</a>,<br><a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">Interim Cyrogenic Propulsion Stage</a>
</td>
<td><sup id="cite_ref-EA10B2_1-1" class="reference"><a href="#cite_note-EA10B2-1" class="anch-link">[1]</a></sup><sup id="cite_ref-43" class="reference"><a href="#cite_note-43" class="anch-link">[43]</a></sup>
</td></tr>
<tr>
<td>RL10A-4-1
</td>
<td>Retired
</td>
<td>2000
</td>
<td>167&#xA0;kg (368&#xA0;lb)
</td>
<td>99.1&#xA0;kN (22,300&#xA0;lb<sub>f</sub>)
</td>
<td>451&#xA0;s (4.42&#xA0;km/s)
</td>
<td>1.78&#xA0;m (5&#xA0;ft 10&#xA0;in)
</td>
<td>1.53&#xA0;m (5&#xA0;ft 0&#xA0;in)
</td>
<td>61:1
</td>
<td>
</td>
<td>84:1
</td>
<td>42&#xA0;bar (4,200&#xA0;kPa)
</td>
<td>740&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur IIIA</a>
</td>
<td><sup id="cite_ref-Norbert_11-6" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-EA10A41_44-0" class="reference"><a href="#cite_note-EA10A41-44" class="anch-link">[44]</a></sup>
</td></tr>
<tr>
<td>RL10A-4-2
</td>
<td>Active
</td>
<td>2002
</td>
<td>168&#xA0;kg (370&#xA0;lb)
</td>
<td>99.1&#xA0;kN (22,300&#xA0;lb<sub>f</sub>)
</td>
<td>451&#xA0;s (4.42&#xA0;km/s)
</td>
<td>1.78&#xA0;m (5&#xA0;ft 10&#xA0;in)
</td>
<td>1.17&#xA0;m (3&#xA0;ft 10&#xA0;in)
</td>
<td>61:1
</td>
<td>
</td>
<td>84:1
</td>
<td>42&#xA0;bar (4,200&#xA0;kPa)
</td>
<td>740&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur IIIB</a><br>Centaur SEC<br>Centaur DEC
</td>
<td><sup id="cite_ref-Norbert_11-7" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-EA10A42_45-0" class="reference"><a href="#cite_note-EA10A42-45" class="anch-link">[45]</a></sup><sup id="cite_ref-:0_46-0" class="reference"><a href="#cite_note-:0-46" class="anch-link">[46]</a></sup>
</td></tr>
<tr>
<td>RL10B-X
</td>
<td>Cancelled
</td>
<td data-sort-value style="background: #ececec; color: #2C2C2C; vertical-align: middle; text-align: center;" class="table-na">&#x2014;
</td>
<td>317&#xA0;kg (699&#xA0;lb)
</td>
<td>93.4&#xA0;kN (21,000&#xA0;lb<sub>f</sub>)
</td>
<td>470&#xA0;s (4.6&#xA0;km/s)
</td>
<td>
</td>
<td>1.53&#xA0;m (5&#xA0;ft 0&#xA0;in)
</td>
<td>30:1
</td>
<td>
</td>
<td>250:1
</td>
<td>
</td>
<td>408&#xA0;s
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur B-X</a>
</td>
<td><sup id="cite_ref-EA10BX_47-0" class="reference"><a href="#cite_note-EA10BX-47" class="anch-link">[47]</a></sup>
</td></tr>
<tr>
<td>CECE
</td>
<td>Demonstrator project
</td>
<td data-sort-value style="background: #ececec; color: #2C2C2C; vertical-align: middle; text-align: center;" class="table-na">&#x2014;
</td>
<td>160&#xA0;kg (350&#xA0;lb)
</td>
<td>67&#xA0;kN (15,000&#xA0;lbf), throttle to 5&#x2013;10%
</td>
<td>&gt;445&#xA0;s (4.36&#xA0;km/s)
</td>
<td>1.53&#xA0;m (5&#xA0;ft 0&#xA0;in)
</td>
<td>
</td>
<td>43:1
</td>
<td>
</td>
<td>
</td>
<td>
</td>
<td>
</td>
<td>
</td>
<td><sup id="cite_ref-PWRCECE_48-0" class="reference"><a href="#cite_note-PWRCECE-48" class="anch-link">[48]</a></sup><sup id="cite_ref-49" class="reference"><a href="#cite_note-49" class="anch-link">[49]</a></sup>
</td></tr>
<tr>
<td>RL10C-1
</td>
<td>Active
</td>
<td>2014
</td>
<td>190&#xA0;kg (420&#xA0;lb)
</td>
<td>101.8&#xA0;kN (22,890&#xA0;lbf)
</td>
<td>449.7&#xA0;s (4.410&#xA0;km/s)
</td>
<td>2.12&#xA0;m (6&#xA0;ft 11&#xA0;in)
</td>
<td>1.45&#xA0;m (4&#xA0;ft 9&#xA0;in)
</td>
<td>57:1
</td>
<td>5.5:1
</td>
<td>130:1
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur SEC</a><br>Centaur DEC
</td>
<td><sup id="cite_ref-CPS_50-0" class="reference"><a href="#cite_note-CPS-50" class="anch-link">[50]</a></sup><sup id="cite_ref-51" class="reference"><a href="#cite_note-51" class="anch-link">[51]</a></sup><sup id="cite_ref-52" class="reference"><a href="#cite_note-52" class="anch-link">[52]</a></sup><sup id="cite_ref-:0_46-1" class="reference"><a href="#cite_note-:0-46" class="anch-link">[46]</a></sup>
</td></tr>
<tr>
<td>RL10C-1-1
</td>
<td>Active
</td>
<td>2021
</td>
<td>188&#xA0;kg (415&#xA0;lb)
</td>
<td>106&#xA0;kN (23,825&#xA0;<span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>453.8 s
</td>
<td>2.46 m (8&#xA0;ft 0.7&#xA0;in)
</td>
<td>1.57 m (4&#xA0;ft 9&#xA0;in)
</td>
<td>57:1
</td>
<td>5.5:1
</td>
<td>155:1
</td>
<td>
</td>
<td>
</td>
<td>Centaur V
</td>
<td><sup id="cite_ref-Norbert_11-8" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-:1_2-4" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup>
</td></tr>
<tr>
<td>RL10C-2
</td>
<td>Delivered, not yet flown
</td>
<td data-sort-value style="background: #ececec; color: #2C2C2C; vertical-align: middle; text-align: center;" class="table-na">2024
</td>
<td>
</td>
<td>109.9&#xA0;kN (24,750 <span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>465.5 s
</td>
<td>4.15 m (13&#xA0;ft 8 in)
</td>
<td>2.15 m (7&#xA0;ft 1 in)
</td>
<td>37:1
</td>
<td>5.88:1
</td>
<td>280:1
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Delta_Cryogenic_Second_Stage#Interim_Cryogenic_Propulsion_Stage" title="Delta Cryogenic Second Stage" class="int-link">Interim Cryogenic Propulsion Stage</a>
</td>
<td>Conversion of C-3<sup id="cite_ref-sls-update_53-0" class="reference"><a href="#cite_note-sls-update-53" class="anch-link">[53]</a></sup>
</td></tr>
<tr>
<td>RL10C-2-1
</td>
<td>Active
</td>
<td>2022
</td>
<td>301&#xA0;kg (664&#xA0;lb)
</td>
<td>109.9&#xA0;kN (24,750 <span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>465.5 s
</td>
<td>4.15 m (13&#xA0;ft 8 in)
</td>
<td>2.15 m (7&#xA0;ft 1 in)
</td>
<td>37:1
</td>
<td>5.88:1
</td>
<td>280:1
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Delta_Cryogenic_Second_Stage" title="Delta Cryogenic Second Stage" class="int-link">Delta Cryogenic Second Stage</a>
</td>
<td><sup id="cite_ref-54" class="reference"><a href="#cite_note-54" class="anch-link">[54]</a></sup><sup id="cite_ref-55" class="reference"><a href="#cite_note-55" class="anch-link">[55]</a></sup>
</td></tr>
<tr>
<td>RL10C-3
</td>
<td>Delivered, not yet flown
</td>
<td data-sort-value style="background: #ececec; color: #2C2C2C; vertical-align: middle; text-align: center;" class="table-na">2026
</td>
<td>230&#xA0;kg (508&#xA0;lb)
</td>
<td>108&#xA0;kN (24,340&#xA0;<span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>460.1 s
</td>
<td>3.15 m (10&#xA0;ft 4.3&#xA0;in)
</td>
<td>1.85 m (6&#xA0;ft 1&#xA0;in)
</td>
<td>48:1
</td>
<td>5.7:1
</td>
<td>215:1
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Exploration_Upper_Stage" title="Exploration Upper Stage" class="int-link">Exploration Upper Stage</a>
</td>
<td><sup id="cite_ref-Norbert_11-9" class="reference"><a href="#cite_note-Norbert-11" class="anch-link">[11]</a></sup><sup id="cite_ref-:1_2-5" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup><sup id="cite_ref-sls-update_53-1" class="reference"><a href="#cite_note-sls-update-53" class="anch-link">[53]</a></sup>
</td></tr>
<tr>
<td>RL10C-5-1
</td>
<td>Cancelled
</td>
<td data-sort-value style="background: #ececec; color: #2C2C2C; vertical-align: middle; text-align: center;" class="table-na">&#x2014;
</td>
<td>188&#xA0;kg (415&#xA0;lb)
</td>
<td>106&#xA0;kN (23,825&#xA0;<span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>453.8 s
</td>
<td>2.46 m (8&#xA0;ft 0.7&#xA0;in)
</td>
<td>1.57 m (4&#xA0;ft 9&#xA0;in)
</td>
<td>57:1
</td>
<td>5.5:1
</td>
<td>
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Omega_(rocket)" class="mw-redirect int-link" title="Omega (rocket)">OmegA</a>
</td>
<td><sup id="cite_ref-:1_2-6" class="reference"><a href="#cite_note-:1-2" class="anch-link">[2]</a></sup><sup id="cite_ref-:2_35-1" class="reference"><a href="#cite_note-:2-35" class="anch-link">[35]</a></sup>
</td></tr>
<tr>
<td>RL10C-X
</td>
<td>In development
</td>
<td>
</td>
<td>231&#xA0;kg (510&#xA0;lb)
</td>
<td>107.29&#xA0;kN (24,120&#xA0;<span title="pound-force">lb<sub>F</sub></span>)
</td>
<td>460.9 s
</td>
<td>3.31 m (130.4&#xA0;in)
</td>
<td>1.87 m (73.7&#xA0;in)
</td>
<td>47.29:1
</td>
<td>5.5:1
</td>
<td>
</td>
<td>
</td>
<td>
</td>
<td><a href="/en/Centaur_(rocket_stage)#Centaur_V" title="Centaur (rocket stage)" class="int-link">Centaur V</a>
</td>
<td>Additive manufacturing <sup id="cite_ref-56" class="reference"><a href="#cite_note-56" class="anch-link">[56]</a></sup><sup id="cite_ref-57" class="reference"><a href="#cite_note-57" class="anch-link">[57]</a></sup>
</td></tr></tbody></table></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_5_Wikiwand'></div><section class='article_content' id='section_Partial_specifications'><h2>
    <span class="mw-headline" id="Partial_specifications">Partial specifications</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=9' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h2>
<figure typeof="mw:File/Thumb"><a href="/en/File:RL-10_rocket_engine.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/300px-RL-10_rocket_engine.jpg" decoding="async" width="300" height="225" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/450px-RL-10_rocket_engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/600px-RL-10_rocket_engine.jpg 2x" data-file-width="1024" data-file-height="768" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/300px-RL-10_rocket_engine.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/450px-RL-10_rocket_engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/9/95/RL-10_rocket_engine.jpg/600px-RL-10_rocket_engine.jpg 2x"></a><figcaption>RL10A information and overview</figcaption></figure><figure class="mw-default-size" typeof="mw:File/Thumb"><a href="/en/File:Rl-10engine.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/220px-Rl-10engine.jpg" decoding="async" width="220" height="165" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/330px-Rl-10engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/440px-Rl-10engine.jpg 2x" data-file-width="946" data-file-height="710" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/220px-Rl-10engine.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/330px-Rl-10engine.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/2/22/Rl-10engine.jpg/440px-Rl-10engine.jpg 2x"></a><figcaption>RL10 engine undergoing testing at NASA</figcaption></figure><h3>
    <span class="mw-headline" id="All_versions">All versions</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=10' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h3>
<ul><li>Contractor: Pratt &amp; Whitney</li>
<li>Propellants: liquid oxygen, liquid hydrogen<sup id="cite_ref-pwr_rl10b-2.pdf_23-1" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Design: <a href="/en/Expander_cycle" title="Expander cycle" class="int-link">expander cycle</a><sup id="cite_ref-Sutton1998_58-0" class="reference"><a href="#cite_note-Sutton1998-58" class="anch-link">[58]</a></sup></li></ul><h3>
    <span class="mw-headline" id="RL10A">RL10A</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=11' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h3>
<ul><li>Thrust (altitude): 15,000<span class="nowrap">&#xA0;</span><a href="/en/Pound-force" class="mw-redirect int-link" title="Pound-force">lbf</a> (66.7&#xA0;kN)<sup id="cite_ref-S2S_38-1" class="reference"><a href="#cite_note-S2S-38" class="anch-link">[38]</a></sup></li>
<li><a href="/en/Specific_impulse" title="Specific impulse" class="int-link">Specific impulse</a>: 433 seconds (4.25&#xA0;km/s)</li>
<li>Engine weight, <a href="/en/Dry_weight" class="mw-redirect int-link" title="Dry weight">dry</a>: 298&#xA0;lb (135&#xA0;kg)</li>
<li>Height: 68<span class="nowrap">&#xA0;</span>in (1.73<span class="nowrap">&#xA0;</span>m)</li>
<li>Diameter: 39<span class="nowrap">&#xA0;</span>in (0.99<span class="nowrap">&#xA0;</span>m)</li>
<li>Nozzle expansion ratio: 40 to 1</li>
<li>Propellant flow: 35&#xA0;lb/s (16&#xA0;kg/s)</li>
<li>Vehicle application: <a href="/en/Saturn_I" title="Saturn I" class="int-link">Saturn I</a>, <a href="/en/S-IV" title="S-IV" class="int-link">S-IV</a> 2nd stage, 6 engines</li>
<li>Vehicle application: <a href="/en/Centaur_(rocket_stage)" title="Centaur (rocket stage)" class="int-link">Centaur</a> upper stage, 2 engines</li></ul><h3>
    <span class="mw-headline" id="RL10B-2">RL10B-2</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=12' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h3>
<figure class="mw-default-size" typeof="mw:File/Thumb"><a href="/en/File:Second_stage_of_a_Delta_IV_Medium_rocket.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/220px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg" decoding="async" width="220" height="146" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/330px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/440px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg 2x" data-file-width="3008" data-file-height="2000" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/220px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/330px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/5/50/Second_stage_of_a_Delta_IV_Medium_rocket.jpg/440px-Second_stage_of_a_Delta_IV_Medium_rocket.jpg 2x"></a><figcaption>Second stage of a Delta IV Medium rocket featuring an RL10B-2 engine</figcaption></figure><ul><li>Thrust (altitude): 24,750&#xA0;lbf (110.1&#xA0;kN)<sup id="cite_ref-pwr_rl10b-2.pdf_23-2" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li><a href="/en/Specific_impulse" title="Specific impulse" class="int-link">Specific impulse</a>: 465.5 seconds (4.565&#xA0;km/s)<sup id="cite_ref-pwr_rl10b-2.pdf_23-3" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Engine weight, dry: 664&#xA0;lb (301.2&#xA0;kg)<sup id="cite_ref-pwr_rl10b-2.pdf_23-4" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Height: 163.5<span class="nowrap">&#xA0;</span>in (4.14<span class="nowrap">&#xA0;</span>m)<sup id="cite_ref-pwr_rl10b-2.pdf_23-5" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Diameter: 84.5<span class="nowrap">&#xA0;</span>in (2.21<span class="nowrap">&#xA0;</span>m)<sup id="cite_ref-pwr_rl10b-2.pdf_23-6" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Expansion ratio: 280 to 1</li>
<li>Mixture ratio: 5.88 to 1 oxygen:hydrogen mass ratio<sup id="cite_ref-pwr_rl10b-2.pdf_23-7" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Propellant flow: fuel, 7.72&#xA0;lb/s (3.5&#xA0;kg/s); oxidizer 45.42&#xA0;lb/s (20.6&#xA0;kg/s)<sup id="cite_ref-pwr_rl10b-2.pdf_23-8" class="reference"><a href="#cite_note-pwr_rl10b-2.pdf-23" class="anch-link">[23]</a></sup></li>
<li>Vehicle application: <a href="/en/Delta_III" title="Delta III" class="int-link">Delta III</a>, Delta IV second stage (1 engine)</li></ul></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_6_Wikiwand'></div><section class='article_content' id='section_Engines_on_display'><h2>
    <span class="mw-headline" id="Engines_on_display">Engines on display</span><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=13' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a>
</h2>
<ul><li>An RL10A-1 is on display at the <a href="/en/New_England_Air_Museum" title="New England Air Museum" class="int-link">New England Air Museum</a>, <a href="/en/Windsor_Locks,_Connecticut" title="Windsor Locks, Connecticut" class="int-link">Windsor Locks, Connecticut</a><sup id="cite_ref-59" class="reference"><a href="#cite_note-59" class="anch-link">[59]</a></sup></li>
<li>An RL10 is on display at the <a href="/en/Museum_of_Science_and_Industry_(Chicago)" title="Museum of Science and Industry (Chicago)" class="int-link">Museum of Science and Industry</a>, <a href="/en/Chicago" title="Chicago" class="int-link">Chicago</a>, <a href="/en/Illinois" title="Illinois" class="int-link">Illinois</a><sup id="cite_ref-histspace_60-0" class="reference"><a href="#cite_note-histspace-60" class="anch-link">[60]</a></sup></li>
<li>An RL10 is on display at the <a href="/en/U.S._Space_%26_Rocket_Center" title="U.S. Space &amp; Rocket Center" class="int-link">U.S. Space &amp; Rocket Center</a>, <a href="/en/Huntsville,_Alabama" title="Huntsville, Alabama" class="int-link">Huntsville, Alabama</a><sup id="cite_ref-histspace_60-1" class="reference"><a href="#cite_note-histspace-60" class="anch-link">[60]</a></sup></li>
<li>An RL10 is on display at <a href="/en/Southern_University" title="Southern University" class="int-link">Southern University</a>, <a href="/en/Baton_Rouge,_Louisiana" title="Baton Rouge, Louisiana" class="int-link">Baton Rouge, Louisiana</a><sup id="cite_ref-61" class="reference"><a href="#cite_note-61" class="anch-link">[61]</a></sup></li>
<li>Two RL10 engines are on display at <a href="/en/US_Space_Walk_of_Fame" class="mw-redirect int-link" title="US Space Walk of Fame">US Space Walk of Fame</a>, <a href="/en/Titusville,_Florida" title="Titusville, Florida" class="int-link">Titusville, Florida</a><sup id="cite_ref-62" class="reference"><a href="#cite_note-62" class="anch-link">[62]</a></sup></li>
<li>An RL10 is on display at the <a href="/en/Cox_Science_Center_and_Aquarium" title="Cox Science Center and Aquarium" class="int-link">Cox Science Center and Aquarium</a>, <a href="/en/West_Palm_Beach,_Florida" title="West Palm Beach, Florida" class="int-link">West Palm Beach, Florida</a>.</li>
<li>An RL10 is on display in the Aerospace Engineering Department, Davis Hall at <a href="/en/Auburn_University" title="Auburn University" class="int-link">Auburn University</a>.<sup class="noprint Inline-Template Template-Fact" style="white-space:nowrap;">[<i><a href="/en/Wikipedia:Citation_needed" class="int-link"><span data-title="This claim needs references to reliable sources. (April 2017)">citation needed</span></a></i>]</sup></li>
<li>An RL10A-4 is on display at the Science Museum in London, UK.</li>
<li>An RL10 is on display at the Museum of Life and Science in Durham, NC</li>
<li>An RL10 is on display at the <a href="/en/San_Diego_Air_%26_Space_Museum" title="San Diego Air &amp; Space Museum" class="int-link">San Diego Air &amp; Space Museum</a> in <a href="/en/San_Diego" title="San Diego" class="int-link">San Diego</a>, CA.</li>
<li>An RL10B-2 is on display outside the <a href="/en/Discovery_Cube_Orange_County" title="Discovery Cube Orange County" class="int-link">Discovery Cube Orange County</a> in <a href="/en/Santa_Ana,_CA" class="mw-redirect int-link" title="Santa Ana, CA">Santa Ana, CA</a>.</li></ul></section><div data-aaad='true' data-aa-adunit='/339474670/Wikiwand/Content_7_Wikiwand'></div><section class='article_content collapsed_section' id='section_See_also'>

<div class="unselectable collapse_title see_also_title">
	<h2><span class="mw-headline" id="See_also">See also</span><i class="collapse_arrow"></i><a href='https://en.wikipedia.org/w/index.php?title=RL10&action=edit&section=14' target='_blank' onclick='event.stopPropagation()' class='edit_section tooltip_top' title='Edit'></a><i class="collapse_icon see_also_icon"></i></h2>
</div>
<div class='collapse hide'><ul class=" "><li><a href="/en/Spacecraft_propulsion" title="Spacecraft propulsion" class="int-link">Spacecraft propulsion</a></li>
<li><a href="/en/RL60" title="RL60" class="int-link">RL60</a></li>
<li><a href="/en/MARC-60" title="MARC-60" class="int-link">MARC-60</a></li>
<li><a href="/en/RD-0146" title="RD-0146" class="int-link">RD-0146</a></li>
<li><a href="/en/XCOR_Aerospace#ULA_liquid_hydrogen_large_engine_development_project" title="XCOR Aerospace" class="int-link">XCOR/ULA aluminum alloy nozzle engine</a>, under development in 2011</li></ul></div></section><section class='article_content collapsed_section' id='section_References'>
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<li>North Korea
<ul><li><a href="/en/RD-250" title="RD-250" class="int-link">Paektusan LRE</a> along other LREs</li></ul></li>
<li>Russia
<ul><li><a href="/en/Ikar_(rocket_stage)" title="Ikar (rocket stage)" class="int-link">17D61</a></li>
<li><a href="/en/RD-0210" title="RD-0210" class="int-link">RD-0202 to 0206, 0208 to 0213</a></li>
<li><a href="/en/RD-0214" title="RD-0214" class="int-link">RD-0207, 0214</a></li>
<li><a href="/en/RD-0216" title="RD-0216" class="int-link">RD-0216, 0217, 0235</a></li>
<li><a href="/en/RD-0233" title="RD-0233" class="int-link">RD-0233, 0234</a></li>
<li><a href="/en/RD-0236" title="RD-0236" class="int-link">RD-0236</a></li>
<li><a href="/en/RD-0237" title="RD-0237" class="int-link">RD-0237</a></li>
<li><a href="/en/RD-0243" title="RD-0243" class="int-link">RD-0243 to 0245</a></li>
<li><a href="/en/RD-0255" title="RD-0255" class="int-link">RD-0255 to 0257</a></li>
<li><a href="/en/RD-215" title="RD-215" class="int-link">RD-215 to 219</a></li>
<li><a href="/en/RD-250" title="RD-250" class="int-link">RD-250 to 252, 261, 262</a></li>
<li><a href="/en/RD-253" title="RD-253" class="int-link">RD-253, 275</a></li>
<li><a href="/en/RD-263" title="RD-263" class="int-link">RD-263, 268, 273</a></li>
<li><i><a href="/en/RD-270" title="RD-270" class="int-link">RD-270</a></i></li>
<li><a href="/en/S5.92" title="S5.92" class="int-link">S5.92</a></li>
<li><a href="/en/S5.98M" title="S5.98M" class="int-link">S5.98M</a></li></ul></li>
<li>Ukraine
<ul><li><a href="/en/RD-843" title="RD-843" class="int-link">RD-843</a></li>
<li><a href="/en/RD-861" title="RD-861" class="int-link">RD-854, 861</a></li>
<li><a href="/en/RD-855" title="RD-855" class="int-link">RD-855</a></li>
<li><a href="/en/RD-856" title="RD-856" class="int-link">RD-856</a></li>
<li><a href="/en/RD-864" title="RD-864" class="int-link">RD-864, 869</a></li></ul></li>
<li>USA
<ul><li><a href="/en/AJ10" title="AJ10" class="int-link">AJ10</a></li>
<li><a href="/en/LR-87" class="mw-redirect int-link" title="LR-87">LR-87</a></li>
<li><a href="/en/LR91" title="LR91" class="int-link">LR-91</a></li>
<li><a href="/en/TR-201" title="TR-201" class="int-link">TR-201</a></li>
<li><a href="/en/XLR81" title="XLR81" class="int-link">XLR81</a>*</li></ul></li></ul>
</div></td></tr></tbody></table><div></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Other</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li>Russia
<ul><li><a href="/en/RD-119" title="RD-119" class="int-link">RD-109, 119</a></li>
<li><a href="/en/RD-214" title="RD-214" class="int-link">RD-211 to 214</a></li></ul></li>
<li>UK
<ul><li><a href="/en/Bristol_Siddeley_Gamma" title="Bristol Siddeley Gamma" class="int-link">Gamma</a></li></ul></li>
<li>USA
<ul><li><a href="/en/Curie_(rocket_engine)" title="Curie (rocket engine)" class="int-link">Curie</a></li>
<li><a href="/en/XLR81" title="XLR81" class="int-link">XLR81</a>*</li></ul></li></ul>
</div></td></tr></tbody></table><div></div></td><td class="noviewer navbox-image" rowspan="2" style="width:1px;padding:0 0 0 2px"><div><span typeof="mw:File"><span><img alt src="https://upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/120px-RS-68_rocket_engine_test.jpg" decoding="async" width="120" height="150" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/180px-RS-68_rocket_engine_test.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/240px-RS-68_rocket_engine_test.jpg 2x" data-file-width="600" data-file-height="750" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/120px-RS-68_rocket_engine_test.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/180px-RS-68_rocket_engine_test.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/4/4d/RS-68_rocket_engine_test.jpg/240px-RS-68_rocket_engine_test.jpg 2x"></span></span></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%"><a href="/en/Solid-propellant_rocket" title="Solid-propellant rocket" class="int-link">Solid <br>fuel</a></th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li>China
<ul><li><a href="/en/FG-02" title="FG-02" class="int-link">FG-02</a></li>
<li><a href="/en/FG-36" title="FG-36" class="int-link">FG-36</a></li>
<li><a href="/en/FG-46" title="FG-46" class="int-link">FG-46</a></li>
<li><a href="/en/FG-47" title="FG-47" class="int-link">FG-47</a></li>
<li>SpaB-65</li>
<li>SpaB-140C</li></ul></li>
<li>Europe
<ul><li><a href="/en/Ariane_1" title="Ariane 1" class="int-link">Mage 1</a></li>
<li><a href="/en/Diamant#P-4" title="Diamant" class="int-link">P-4</a></li>
<li><a href="/en/Diamant#P-6" title="Diamant" class="int-link">P-6</a></li>
<li><a href="/en/Ariane_4" title="Ariane 4" class="int-link">PAP</a></li>
<li><a href="/en/P80_(rocket_stage)" title="P80 (rocket stage)" class="int-link">P80</a></li>
<li><a href="/en/P120_(rocket_stage)" title="P120 (rocket stage)" class="int-link">P120</a></li>
<li><a href="/en/Ariane_5" title="Ariane 5" class="int-link">P230</a></li>
<li><a href="/en/Diamant#Topaze" title="Diamant" class="int-link">Topaze</a></li>
<li><a href="/en/Waxwing_(rocket_motor)" title="Waxwing (rocket motor)" class="int-link">Waxwing</a></li>
<li><a href="/en/Zefiro_(rocket_stage)" title="Zefiro (rocket stage)" class="int-link">Zefiro 9</a></li>
<li><a href="/en/Zefiro_(rocket_stage)" title="Zefiro (rocket stage)" class="int-link">Zefiro 23</a></li>
<li><a href="/en/Zefiro_(rocket_stage)" title="Zefiro (rocket stage)" class="int-link">Zefiro 40</a></li></ul></li>
<li>India
<ul><li><a href="/en/Polar_Satellite_Launch_Vehicle#Vehicle_description" title="Polar Satellite Launch Vehicle" class="int-link">S7</a></li>
<li><a href="/en/Polar_Satellite_Launch_Vehicle#Vehicle_description" title="Polar Satellite Launch Vehicle" class="int-link">S9</a></li>
<li><a href="/en/Polar_Satellite_Launch_Vehicle#Vehicle_description" title="Polar Satellite Launch Vehicle" class="int-link">S12</a></li>
<li><a href="/en/Geosynchronous_Satellite_Launch_Vehicle#Vehicle_description" title="Geosynchronous Satellite Launch Vehicle" class="int-link">S139</a></li>
<li><a href="/en/Geosynchronous_Satellite_Launch_Vehicle_Mk_III#Vehicle_description" class="mw-redirect int-link" title="Geosynchronous Satellite Launch Vehicle Mk III">S200</a></li></ul></li>
<li>Iran
<ul><li><a href="/en/Salman_(rocket_motor)" title="Salman (rocket motor)" class="int-link">Salman</a></li>
<li><a href="/en/Qaem_100_(rocket)#Design" class="mw-redirect int-link" title="Qaem 100 (rocket)">Rafe</a></li></ul></li>
<li>Israel
<ul><li><a href="/en/Shavit_2" title="Shavit 2" class="int-link">LK-1</a></li>
<li><a href="/en/Shavit_2" title="Shavit 2" class="int-link">RSA-3</a></li></ul></li>
<li>Japan
<ul><li><a href="/en/M-V" title="M-V" class="int-link">KM-V1</a></li>
<li><a href="/en/Epsilon_(rocket)" title="Epsilon (rocket)" class="int-link">KM-V2b</a></li>
<li><a href="/en/M-V" title="M-V" class="int-link">M-14</a></li>
<li><a href="/en/M-V" title="M-V" class="int-link">M-24</a></li>
<li><a href="/en/M-V" title="M-V" class="int-link">M-34</a></li>
<li><a href="/en/Epsilon_(rocket)" title="Epsilon (rocket)" class="int-link">M-34c</a></li>
<li><a href="/en/SRB-A" title="SRB-A" class="int-link">SRB-A</a></li></ul></li>
<li>USA
<ul><li><a href="/en/AJ-60A" title="AJ-60A" class="int-link">AJ-60A</a></li>
<li><a href="/en/Algol_(rocket_stage)" title="Algol (rocket stage)" class="int-link">Algol</a></li>
<li><a href="/en/Castor_(rocket_stage)" title="Castor (rocket stage)" class="int-link">Castor 30</a></li>
<li><a href="/en/Graphite-Epoxy_Motor" title="Graphite-Epoxy Motor" class="int-link">GEM</a></li>
<li><a href="/en/Inertial_Upper_Stage" title="Inertial Upper Stage" class="int-link">Orbus-6</a></li>
<li><a href="/en/Inertial_Upper_Stage" title="Inertial Upper Stage" class="int-link">Orbus-21</a></li>
<li><a href="/en/Orion_(rocket_stage)" title="Orion (rocket stage)" class="int-link">Orion</a></li>
<li><a href="/en/Space_Shuttle_Solid_Rocket_Booster" title="Space Shuttle Solid Rocket Booster" class="int-link">Space Shuttle SRB</a></li>
<li><a href="/en/Star_(rocket_stage)" title="Star (rocket stage)" class="int-link">Star 37</a></li>
<li><a href="/en/Star_(rocket_stage)" title="Star (rocket stage)" class="int-link">Star 48</a></li>
<li><a href="/en/UA120" title="UA120" class="int-link">UA120</a></li>
<li><a href="/en/Solid_Rocket_Motor_Upgrade" title="Solid Rocket Motor Upgrade" class="int-link">SRMU</a></li>
<li><a href="/en/Altair_(rocket_stage)" title="Altair (rocket stage)" class="int-link">X-248</a></li>
<li><a href="/en/Scout_(rocket_family)#Technical_data" title="Scout (rocket family)" class="int-link">X-254</a></li></ul></li></ul>
</div></td></tr><tr><td class="navbox-abovebelow" colspan="3"><div>
<ul><li>* Different versions of the engine use different propellant combinations</li>
<li>Engines in <i>italics</i> are under development</li></ul>
</div></td></tr></tbody></table></div></div></div><div><div class="unselectable collapse_title s_collapse_title [[classPrefix]_title" id="__related_atlas_rockets">
	Atlas rockets
	<i class="collapse_arrow"></i>
</div><div class='collapse hide'><div role="navigation" class="navbox navigational-element " aria-labelledby="Atlas_rockets" style="padding:3px"><table class="nowraplinks mw-collapsible autocollapse navbox-inner" style="border-spacing:0;background:transparent;color:inherit"><tbody><tr><th scope="col" class="navbox-title" colspan="3"><link rel="mw-deduplicated-inline-style" href="mw-data:TemplateStyles:r1129693374"><link rel="mw-deduplicated-inline-style" href="mw-data:TemplateStyles:r1063604349"><div class="navbar plainlinks hlist navbar-mini"></div><div id="Atlas_rockets" style="font-size:114%;margin:0 4em">Atlas rockets</div></th></tr><tr><th scope="row" class="navbox-group" style="width:1%">Main articles</th><td class="navbox-list-with-group navbox-list navbox-odd hlist" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Atlas_(rocket_family)" title="Atlas (rocket family)" class="int-link">Atlas family</a></li>
<li><a href="/en/SM-65_Atlas" title="SM-65 Atlas" class="int-link">SM-65 Atlas</a></li></ul>
</div></td><td class="noviewer navbox-image" rowspan="6" style="width:1px;padding:0 0 0 2px"><div><span typeof="mw:File"><a href="/en/File:Atlas-F.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/0/0c/Atlas-F.jpg/130px-Atlas-F.jpg" decoding="async" width="130" height="281" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/0/0c/Atlas-F.jpg 1.5x" data-file-width="185" data-file-height="400" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/0/0c/Atlas-F.jpg/130px-Atlas-F.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/0/0c/Atlas-F.jpg 1.5x"></a></span></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Rockets</th><td class="navbox-list-with-group navbox-list navbox-odd hlist" style="width:100%;padding:0"><div style="padding:0 0.25em"></div><table class="nowraplinks navbox-subgroup" style="border-spacing:0"><tbody><tr><th scope="row" class="navbox-group" style="width:1%">Prototypes</th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/RTV-A-2_Hiroc" title="RTV-A-2 Hiroc" class="int-link">MX-774</a></li>
<li><a href="/en/SM-65A_Atlas" title="SM-65A Atlas" class="int-link">Atlas A</a></li>
<li><a href="/en/SM-65B_Atlas" title="SM-65B Atlas" class="int-link">Atlas B</a></li>
<li><a href="/en/SM-65C_Atlas" title="SM-65C Atlas" class="int-link">Atlas C</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Missiles</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/SM-65D_Atlas" title="SM-65D Atlas" class="int-link">Atlas D</a></li>
<li><a href="/en/SM-65E_Atlas" title="SM-65E Atlas" class="int-link">Atlas E</a></li>
<li><a href="/en/SM-65F_Atlas" title="SM-65F Atlas" class="int-link">Atlas F</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Launch systems</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em"></div><table class="nowraplinks navbox-subgroup" style="border-spacing:0"><tbody><tr><th scope="row" class="navbox-group" style="width:1%">Alphabetical</th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/SM-65B_Atlas" title="SM-65B Atlas" class="int-link">Atlas B</a></li>
<li><a href="/en/SM-65D_Atlas" title="SM-65D Atlas" class="int-link">Atlas D</a></li>
<li><a href="/en/Atlas_E/F" title="Atlas E/F" class="int-link">Atlas E/F</a></li>
<li><a href="/en/Atlas_G" title="Atlas G" class="int-link">Atlas G</a></li>
<li><a href="/en/Atlas_H" title="Atlas H" class="int-link">Atlas H</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Upper stages</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Atlas-Able" title="Atlas-Able" class="int-link">Atlas-Able</a></li>
<li><a href="/en/Atlas-Agena" title="Atlas-Agena" class="int-link">Atlas-Agena</a></li>
<li><a href="/en/Atlas-Centaur" title="Atlas-Centaur" class="int-link">Atlas-Centaur</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Numerical</th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Atlas_I" title="Atlas I" class="int-link">Atlas I</a></li>
<li><a href="/en/Atlas_II" title="Atlas II" class="int-link">Atlas II</a></li>
<li><a href="/en/Atlas_III" title="Atlas III" class="int-link">Atlas III</a></li>
<li><a href="/en/Atlas_V" title="Atlas V" class="int-link">Atlas V</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Other</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Atlas_LV-3B" title="Atlas LV-3B" class="int-link">Atlas LV-3B</a></li>
<li><a href="/en/Atlas_SLV-3" title="Atlas SLV-3" class="int-link">Atlas SLV-3</a></li>
<li><a href="/en/GX_(rocket)" title="GX (rocket)" class="int-link">GX</a></li></ul>
</div></td></tr></tbody></table><div></div></td></tr></tbody></table><div></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Launch sites</th><td class="navbox-list-with-group navbox-list navbox-odd hlist" style="width:100%;padding:0"><div style="padding:0 0.25em"></div><table class="nowraplinks navbox-subgroup" style="border-spacing:0"><tbody><tr><th scope="row" class="navbox-group" style="width:1%"><a href="/en/Cape_Canaveral_Air_Force_Station" class="mw-redirect int-link" title="Cape Canaveral Air Force Station">Cape Canaveral</a></th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Cape_Canaveral_Launch_Complex_11" title="Cape Canaveral Launch Complex 11" class="int-link">LC-11</a></li>
<li><a href="/en/Cape_Canaveral_Launch_Complex_12" title="Cape Canaveral Launch Complex 12" class="int-link">LC-12</a></li>
<li><a href="/en/Cape_Canaveral_Launch_Complex_13" title="Cape Canaveral Launch Complex 13" class="int-link">LC-13</a></li>
<li><a href="/en/Cape_Canaveral_Launch_Complex_14" title="Cape Canaveral Launch Complex 14" class="int-link">LC-14</a></li>
<li><a href="/en/Cape_Canaveral_Launch_Complex_36" title="Cape Canaveral Launch Complex 36" class="int-link">(S)LC-36</a></li>
<li><a href="/en/Cape_Canaveral_Space_Launch_Complex_41" title="Cape Canaveral Space Launch Complex 41" class="int-link">SLC-41</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%"><a href="/en/Vandenberg_Air_Force_Base" class="mw-redirect int-link" title="Vandenberg Air Force Base">Vandenberg</a></th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Vandenberg_Launch_Complex_576" title="Vandenberg Launch Complex 576" class="int-link">LC-576</a></li>
<li><a href="/en/Vandenberg_Space_Launch_Complex_3" title="Vandenberg Space Launch Complex 3" class="int-link">SLC-3</a></li>
<li><a href="/en/Vandenberg_Space_Launch_Complex_4" title="Vandenberg Space Launch Complex 4" class="int-link">SLC-4</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Bases</th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Altus_Air_Force_Base" title="Altus Air Force Base" class="int-link">Altus</a></li>
<li><a href="/en/Dyess_Air_Force_Base" title="Dyess Air Force Base" class="int-link">Dyess</a></li>
<li><a href="/en/Fairchild_Air_Force_Base" title="Fairchild Air Force Base" class="int-link">Fairchild</a></li>
<li><a href="/en/Forbes_Field_Air_National_Guard_Base" class="mw-redirect int-link" title="Forbes Field Air National Guard Base">Forbes</a></li>
<li><a href="/en/Francis_E._Warren_Air_Force_Base" title="Francis E. Warren Air Force Base" class="int-link">Francis E. Warren</a></li>
<li><a href="/en/Lincoln_Airport_(Nebraska)" title="Lincoln Airport (Nebraska)" class="int-link">Lincoln</a></li>
<li><a href="/en/Offutt_Air_Force_Base" title="Offutt Air Force Base" class="int-link">Offutt</a></li>
<li><a href="/en/Plattsburgh_Air_Force_Base" title="Plattsburgh Air Force Base" class="int-link">Plattsburgh</a></li>
<li><a href="/en/Salina_Regional_Airport" title="Salina Regional Airport" class="int-link">Schilling</a></li>
<li><a href="/en/Walker_Air_Force_Base" title="Walker Air Force Base" class="int-link">Walker</a></li></ul>
</div></td></tr></tbody></table><div></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Components</th><td class="navbox-list-with-group navbox-list navbox-odd hlist" style="width:100%;padding:0"><div style="padding:0 0.25em"></div><table class="nowraplinks navbox-subgroup" style="border-spacing:0"><tbody><tr><th scope="row" class="navbox-group" style="width:1%">Boosters</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/AJ-60A" title="AJ-60A" class="int-link">AJ-60A</a></li>
<li><a href="/en/Castor_(rocket_stage)" title="Castor (rocket stage)" class="int-link">Castor 4A</a></li>
<li>MA</li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">First stages</th><td class="navbox-list-with-group navbox-list navbox-even" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Common_Core_Booster" title="Common Core Booster" class="int-link">Common Core Booster</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Upper stages</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Able_(rocket_stage)" title="Able (rocket stage)" class="int-link">Able</a></li>
<li><a href="/en/RM-81_Agena" title="RM-81 Agena" class="int-link">Agena</a></li>
<li><a href="/en/Altair_(rocket_stage)" title="Altair (rocket stage)" class="int-link">Altair</a></li>
<li><a href="/en/Burner_(rocket_stage)" title="Burner (rocket stage)" class="int-link">Burner</a></li>
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<li><a href="/en/Delta_III" title="Delta III" class="int-link">Delta III</a></li>
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<li><a href="/en/H-I" title="H-I" class="int-link">H-I</a></li></ul>
</div></td></tr></tbody></table><div></div></td><td class="noviewer navbox-image" rowspan="5" style="width:1px;padding:0 0 0 2px"><div><span typeof="mw:File"><a href="/en/File:Delta_II_rocket_lift_off.jpg" class="mw-file-description int-link"><img src="https://upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/120px-Delta_II_rocket_lift_off.jpg" decoding="async" width="120" height="289" class="mw-file-element immediate" srcset="//upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/180px-Delta_II_rocket_lift_off.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/240px-Delta_II_rocket_lift_off.jpg 2x" data-file-width="446" data-file-height="1073" data-original="https://upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/120px-Delta_II_rocket_lift_off.jpg" data-srcset="//upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/180px-Delta_II_rocket_lift_off.jpg 1.5x, //upload.wikimedia.org/wikipedia/commons/thumb/8/87/Delta_II_rocket_lift_off.jpg/240px-Delta_II_rocket_lift_off.jpg 2x"></a></span></div></td></tr><tr><th scope="row" class="navbox-group" style="width:1%">Launch sites</th><td class="navbox-list-with-group navbox-list navbox-odd" style="width:100%;padding:0"><div style="padding:0 0.25em"></div><table class="nowraplinks navbox-subgroup" style="border-spacing:0"><tbody><tr><th scope="row" class="navbox-group" style="width:8em"><a href="/en/Cape_Canaveral_Air_Force_Station" class="mw-redirect int-link" title="Cape Canaveral Air Force Station">Canaveral</a></th><td class="navbox-list-with-group navbox-list navbox-even" style="padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Cape_Canaveral_Air_Force_Station_Space_Launch_Complex_17" class="mw-redirect int-link" title="Cape Canaveral Air Force Station Space Launch Complex 17">(S)LC-17</a></li>
<li><a href="/en/Cape_Canaveral_Air_Force_Station_Launch_Complex_18" class="mw-redirect int-link" title="Cape Canaveral Air Force Station Launch Complex 18">LC-18B</a></li>
<li><a href="/en/Cape_Canaveral_Air_Force_Station_Space_Launch_Complex_37" class="mw-redirect int-link" title="Cape Canaveral Air Force Station Space Launch Complex 37">SLC-37B</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:8em"><a href="/en/Johnston_Atoll" title="Johnston Atoll" class="int-link">Johnston</a></th><td class="navbox-list-with-group navbox-list navbox-odd" style="padding:0"><div style="padding:0 0.25em">
<ul><li>LE-1</li>
<li>LE-2</li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:8em"><a href="/en/Tanegashima_Space_Center" title="Tanegashima Space Center" class="int-link">Tanegashima</a></th><td class="navbox-list-with-group navbox-list navbox-even" style="padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Osaki_Launch_Complex" class="mw-redirect int-link" title="Osaki Launch Complex">Osaki</a></li></ul>
</div></td></tr><tr><th scope="row" class="navbox-group" style="width:8em"><a href="/en/Vandenberg_Air_Force_Base" class="mw-redirect int-link" title="Vandenberg Air Force Base">Vandenberg</a></th><td class="navbox-list-with-group navbox-list navbox-odd" style="padding:0"><div style="padding:0 0.25em">
<ul><li><a href="/en/Vandenberg_AFB_Space_Launch_Complex_1" class="mw-redirect int-link" title="Vandenberg AFB Space Launch Complex 1">SLC-1</a></li>
<li><a href="/en/Vandenberg_AFB_Space_Launch_Complex_2" class="mw-redirect int-link" title="Vandenberg AFB Space Launch Complex 2">SLC-2</a></li>
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<li><a href="/en/RAF_Harrington" title="RAF Harrington" class="int-link">Harrington</a></li>
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<li><a href="/en/RAF_Ludford_Magna" title="RAF Ludford Magna" class="int-link">Ludford&#xA0;Magna</a></li>
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